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Preface

Welcome to the proceedings of the 12th International Conference on Blended Learning
(ICBL 2019). This year, ICBL 2019 was held at the University of Hradec Kralove in
Hradec Kralove, Czech Republic, during July 2–4, 2019.

Blended learning is one of the promising approaches to teaching and learning. It
integrates traditional learning with innovative means to create a new learning
environment conducive to effective learning. Like the previous conferences in the
series, ICBL 2019 provided a platform for knowledge exchange and experience sharing
among researchers and practitioners in this field.

The theme of ICBL 2019 was “Educational Innovation for Personalized Learning.”
Our focus was on new and innovative practices of blended learning that can enable
personalized learning, enhance learning effectiveness, and enrich the learning
experience. ICBL 2019 attracted a total of 80 paper submissions. After a rigorous
review process, 28 papers were selected for inclusion in this volume. The selected
papers cover various areas in blended learning, including personalized learning,
adaptive learning, content development, analytics and evaluation for blended learning,
experience in blended learning, open educational resources, and pedagogical and
psychological issues.

We would like to take this opportunity to thank the following parties who made the
conference a success: (a) the conference Organizing Committee; (b) the International
Program Committee; (c) the conference organizers and co-organizer; (d) the conference
sponsors, and (e) all the conference participants.

We trust you will enjoy reading the papers.

July 2019 Simon K. S. Cheung
Lap-Kei Lee

Ivana Simonova
Tomas Kozel

Lam-For Kwok
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Pedagogic Practice in Blended-Learning

Andrea Benn(&)

Brighton Business School, University of Brighton,
Brighton, E Sussex BN2 4AT, UK
a.benn@brighton.ac.uk

Abstract. Pedagogues are the architects of their own classroom settings. Each
teacher will bring something of themselves into that environment, their values,
their beliefs and above all their knowledge. All of these should underpin the
learning that will take place and in turn should support the design of the lesson,
the workshop, the seminar, the lecture. At the end of day, traditional education is
a social occasion: an interaction between everybody in the class. Even in a one-
directional lecture theatre environment, the lecturer will always bring their own
personality, their idiosyncrasies, themselves. So how can we replicate this in a
fairly static online environment? This has been my challenge as I have embraced
the new arena of the online classroom. My paper will focus on us as individuals
and pedagogues and the importance of ensuring that we remain pivotal in the
design and delivery of the online element of blended learning.

Keywords: Curriculum design � Blended Learning � Instructional teaching

1 Introduction

Before understanding how to develop an online pedagogy or complementary blended
pedagogy, this paper explores the role of the pedagogue in an attempt to realise how
this role is adapting and whether technology is getting in the way.

“Teachers communicate much more than content to students. They share values,
enthusiasm, curiosity or boredom, and attitudes, and their individual perceptions
influence this critical communication” (Hardy and Tolhurst 2014, p. 283).

We all have our own memories of the teachers we preferred and those we didn’t.
The embarrassing attempts at jokes, the meaningful encouragements, the moments of
discipline. For the academic year you spent together you united as a group, you
enjoyed each other’s triumphs and shared in the disappointments, knowing that the
person in charge was also living those moments. My early years in school shaped me as
a teacher, I loved everything about my primary education and how I was taught,
remembering it to be fun, through creative activities but serious when it had to be.

I now work in a large Business School at a post ’92 UK University. The cohort
sizes are large and culturally diverse and although the students are divided into smaller
seminar groups, it is not always easy to develop the same relationships. What does
remain constant for me is my attempt at reproducing the comfortable learning envi-
ronment that I remembered and enjoyed. What I didn’t realise then but fully appreciate
now, is the effort and planning that clearly underpinned those ‘easy going’ classes.

© Springer Nature Switzerland AG 2019
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2 Teaching and Learning

For the last 8 years, I have been actively engaged in action research looking at ways
that I can change what I do in order to bring about a change in others, primarily
encouraging and supporting students through their transition from passive learners to
independent and confident young people. During this time, I have reviewed and tried
pedagogical structures promoted by others to integrate new technologies and move
towards a more student-centred approach. Now, I am moving back towards the school
of thought that is firmly in favour of ‘instructional teaching’ seeing the role of the
teacher as pivotal.

2.1 Teaching

Rata (2017) examines two different understandings of knowledge which lead to dif-
ferent approaches to teaching and learning. Referring to and citing the works of
Durkheim, Bourdieu, Winch, Popper she explains in each case how knowledge is
constructed and how this leads to a different approach to teaching and learning.

One approach described is ‘teaching as instruction’ and the other is ‘teaching as
facilitation’. Her purpose for doing this is to contribute to what she acknowledges is a
serious challenge to the facilitation approach by discussing and demonstrating how
their differences are the result of different understandings of how knowledge is con-
stituted. She argues that the link between the way knowledge is structured and the way
it is organised for teaching justifies instructional teaching as the more effective way to
develop students’ learning. She continues the point that the facilitation approach is
considered to be weak because it is primarily a pedagogical approach concerned with
motivating students and fails to account for the type of knowledge that constitutes
academic subjects. Instructional teaching requires an understanding of the episteme
(knowledge-that) and how to connect the abstract concepts to the material world, the
process Winch (2013) calls epistemic ascent. The issue for the curriculum and peda-
gogue is how to demonstrate the connection in the arrangement of conceptual
knowledge and its material application so that it is clear to students. Instructional
teaching, she concludes, requires an engaging pedagogy which links the epistemically
structured ideas to the rules and procedures for their application to real life and that
requires ‘a knowledge authority’ (a teacher) to transmit the knowledge to each suc-
ceeding generation.

In their 2016 paper, McPhail and Rata evaluate two distinctive curriculum design
types: 21st Century Learning (“21CL”) and Powerful Knowledge (“PK”). They argue
that the fundamental difference between the two types “lies in what is meant by
knowledge (the theory of knowledge), how this knowledge is to be organised (i.e. the
curriculum design) and how it is to be made available (pedagogy)” continuing the
importance of understanding how knowledge is structured and organised is founda-
tional to curriculum design.

They clearly state their belief in the PK approach which rests on the logical con-
nections drawn from a theory of knowledge to a curriculum structure which enables
conceptual progression leading to student learning, something they consider to be
missing from the literature in support of the 21CL.

4 A. Benn



Rata defines the term ‘Powerful Knowledge’ explaining its importance within a
school curriculum and identifying its purpose which is “to assist students to think about
the world in abstract or context-independent ways”. Her discussion includes a focus on
the relationship between what is taught and how it is taught and the question of ‘how
do young people acquire abstract knowledge?’. She acknowledges that to achieve this
the “demands on teachers are considerable”. She continues that teachers are required to
use a pedagogy of conceptual progression that ensures that the concepts to be taught
remain ordered within their systems of meaning, while at the same time recognising
students’ differing levels of understanding. Ultimately, she states that “it requires
teachers to be knowledgeable about the subject they teach in order to structure concepts
from lower-to higher-order complexity” while not accepting that this is simply a case of
“adding fact upon fact” in the “stereotype of rote-learning”.

She continues with an explanation citing Vygotsky and Winch that “a pedagogy
that can enable epistemic ascent to occur, places conceptual progression at the core of
teaching because a teacher can only explain the unknown by linking it to what is
already known and building from that foundation in a logical order”, and “that a failure
to get the sequencing right, can have adverse pedagogic consequences”.

What is required therefore, is for teachers to have a good understanding of the
subject content and the concepts that make up the systems of meaning for that subject.
This understanding or familiarity will enable teachers to manage the needs of the
subject as well as those of their students.

2.2 Learning

Savin-Baden (1996) seeks to define the concept of problem-based learning (“PBL”).
She interprets Barrows, Barrows & Tamblyn, Popper and Knowles as theorists looking
to address the “promising solution to many of the difficulties in professional curricula
generally” namely, the “over emphasis of memorization and recall of facts”, and “a
failure to integrate basic scientific concepts into clinical practice”.

Savin-Baden explains that PBL emerged in the sixties and seventies from the work
of Barrows who was looking for a way to help medical students learn how to approach
and apply knowledge to a given problem. Working with Tamblyn they define PBL as
“the learning which results from the process of working towards the understanding of,
or resolution of, a problem”. Popper had previously suggested that “learning takes
place through the formulation of problems and through trial and error in solving these
problems”, and Knowles argued that teacher centred subject-based learning assumes
that the learner’s experience is of less value than the teacher’s. This latter point was in
the context of adults as learners.

McCabe & O’Connor in their 2014 paper, explore the concept of student-centred
learning in their quest for finding ways of turning students from passive to active
learners. Through their own investigation, they evaluate a student-centred approach to
learning which they state encourages students to have more responsibility for their
learning. They advocate that the process relies heavily on professional confidence to
‘let go’ of traditional teaching responsibilities and their review focuses on the role and
responsibility of the lecturer.

Pedagogic Practice in Blended-Learning 5



Their discussion opens with a core interpretation of SCL namely as a shift in
responsibility for learning from lecturer to student, with the latter demonstrating
characteristics of autonomous, proactive and constructive engagement. They continue
with an acknowledgement from their colleagues that the success of the transition
required more than “simply stepping back and letting students take control” instead
necessitating lecturers to became “facilitators” in the process. Also citing Knowles,
they explain that the effective facilitator is someone who ensures that students are
cognisant of what is expected of them and have sufficient capacity to accept ownership
of their learning. Translated into their own practice, McCabe & O’Conner’s colleagues
explained that they tried to guide students, not direct them and without giving away the
answer tried to phrase questions so students would realise that the direction they were
going in was not the right one. It was a case of finding the appropriate balance,
dependent upon a skilful facilitator who could be sensitive and intuitive and then tailor
the approach based on the dynamic of each group. Integral to this success also was for
“a safe learning environment so that the students felt they had the freedom to make
mistakes in a controlled environment”.

Tangney (2014) found that student-centred learning is not defined within the
pedagogic literature but more generally associated with constructivism or principles
associated with a constructivist environment, such as building on prior knowledge,
purposeful active learning and sense-making. From her own perspective of a humanist
interpretation of SCL, Tangney also argues for the idea of a holistic approach devel-
oping ideas of empowerment and emancipation. Citing Brockett, Maslow, Rogers,
Rogers & Freiberg she explains that ‘humanists are generally concerned with the
freedom, dignity and potential of humans’ seeing learning as akin to personal growth
and self-belief. Summarising these authors, Tangney supports their collective views
that SCL is “an individualised approach facilitated by a positive trusting relationship
with teaching staff which fosters empowerment”.

Learning this way however, requires student buy-in and as McCabe and O’Connor
observe: “students are not a homogeneous group” and try as we might, no “one-size-
fits-all” strategy is going to work and nor is it necessarily appropriate. Vermunt and
Donche (2017) in their review of research and theory development on student learning
patterns in higher education and beyond, acknowledge that four qualitative learning
patterns have been repeatedly identified, namely, reproduction-directed learning;
meaning-directed learning; application-directed learning and undirected learning.
While McCabe and O’Connor observe that the first year of higher education is a good
opportunity to introduce a new way of learning as students are generally open to and
are expecting something “new”, Vermunt and Donche’s explanation of the “undirected
learning” should act as a point of consideration for pedagogues and curriculum
designers. Acknowledging that there are many and varied factors as to why students
adopt certain learning patterns, this learning pattern can often be seen with students
who are in transition from one form of schooling to another such as secondary to higher
education. Students who are currently displaying characteristics of the “undirected
learner” are not going to find it easy to adapt to a new learning environment, instead
attaching great value to fellow students and teachers to provide direction and structure.
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3 Blended Learning

Blended Learning (“BL”) is widely defined as the combination of traditional face-to-
face teaching methods with authentic online learning activities (Davis and Fill 2007).

Adopting technology for the enhancement of learning is not new, there has always
been a strong relationship between education and technology (Laurillard 2012). Within
the teaching profession there will always be early adopters, innovators keen to make
the best use of the latest technology to enhance what they are doing. Developments
have shown a standard online pedagogy provides a mix of presentations, automated
assessment, peer-assessed assignments and peer discussions.

Laurillard (2012) introduces the concept of teaching as a design science, and
particularly the “Conversational Framework” (“CF”) as a way of challenging the use of
new technologies in learning. Laurillard explains that the aim of the CF is to provide a
way of representing the different kinds of roles played by teachers and learners in terms
of the requirements derived from different learning concepts. By capturing the peda-
gogy that the teacher has found to be effective and mapping this against the corre-
sponding principles for designing teaching and learning activities, including how
technology can be used, can show the beneficial role of technology.

SCL and PBL are widely used in the context of BL with the ‘theory’ elements
being disseminated via the technology. It is worth noting, that both rely on the ped-
agogue for structure and guidance, neither able to completely handover the learning
process.

4 Conclusion

The plethora of research into E and BL advises that learning with technology needs to
be driven by pedagogical principles. Researchers advise that teachers should have
ownership of the way the overall design is developed, and particularly when it comes to
identifying where in the curriculum the e-learning element will be best placed. The
design of an online tool must also be carefully considered as part of the learning
process and be easily accessible and user friendly.

Key decisions as to which technologies to incorporate may already have been made
by the institution itself which then makes the design process one of best fit. Academics
may not have the skills necessary to exploit the technology, or perceive the iterative
task of designing, testing, implementing, amending new technological designs too
labour intensive to be of much benefit. I would advocate that none of the above must be
a barrier for any teacher or lecturer. Instead the design process should become a
collaborative learning process between colleagues within an organisation willing to
share ideas and examples.

Learner collaboration, however, is more difficult and is typically achieved offline.
This part of the pedagogy has to be carefully designed and although there are a variety
of tools, wikis, discussion boards etc. they may not be appropriate for all kinds of
collaborative learning. Our role may be changing but Pedagogues will always be
pivotal when it comes to curriculum design.

Pedagogic Practice in Blended-Learning 7
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Abstract. The adoption of modern instructional techniques, such as the flipped
learning, are relied upon to improve students’ performance in higher education.
Despite many clear advantages and positive aspects of flipped learning, user
adoption is still slow or in its early phases in many developing countries.
Furthermore, very little is known about undergraduates’ perception and behavior
toward acceptance and use of the flipped learning method. Therefore, this study
explores the relationships between five key factors from a social presence-
integrated UTAUT model and students’ adoption of flipped learning. Structural
equation modeling was employed to examine the data of 416 Chinese college
freshmen. The results show that facilitating conditions, social presence, and
effort expectancy are a significant positive influence on students’ adoption.
Moreover, facilitating conditions and social influence positively influence stu-
dents’ adoption, mediating by social presence. This study indicates that higher
education institutions may achieve an increase in students’ adoption of the
flipped learning method by emphasizing the attributes explored in our research
model.

Keywords: Flipped learning � UTAUT � Social presence � Higher education �
SEM

1 Introduction

The flipped learning method (reversed learning or inverted learning) refers to an
educational process which swaps events that traditionally took place inside the class-
room with the events that traditionally took place outside of the classroom [1]. This
learning method describes interactive group learning activities in the classroom, which
are supported by individual computer-based instruction outside the classroom [2]. The
flipped learning method is important because it overcomes the limitations of physical
space and the fixed time frame of traditional teaching, which enables a more person-
alized learning experience [3]. Additionally, flipped learning provides a more auton-
omous and cooperative experience [4, 5], increasing the interaction between students’
and their instructor [6], and utilizing a student-centered approach to educational
delivery [7].
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Although many studies have examined flipped learning and, in general, described
the instructional model positively, few studies had investigated the acceptance of
flipped learning in higher education. With the widespread implementation of this
instructional model, it is important for researchers, practitioners, and administrators to
be provided with a comprehensive understanding of flipped learning. Specifically,
information should be available to describe the two different stakeholder perspectives:
instructors and students.

So far, our previous studies have begun to address this research demand from the
instructors’ perspective of flipped learning acceptance [8]. However, less knowledge is
available to comprehensively describe the issue from the college students’ perspective
[9]. The current study was designed to propose a social presence-integrated UTAUT
model that examines college students’ acceptance of flipped learning. The research
questions guiding this study are (1) which factors mainly influence Chinese college
students’ adoption of flipped learning? and (2) What are the relationships between these
factors?

2 Theoretical Framework

2.1 Flipped Learning

Lage et al. [1] were among the early pioneers documenting the flipped learning method
in higher education. More recently, the Flipped Learning Network (FLN) defined
flipped learning as, “a pedagogical approach in which direct instruction moves from the
group learning space to the individual learning space, and the resulting group space is
transformed into a dynamic, interactive learning environment where the educator
guides students as they apply concepts and engage creatively in the subject matter”
[10]. It is important to note that this definition distinguishes a flipped classroom from
the notion of flipped learning. Researchers have highlighted that flipping a class does
not necessarily lead to flipped learning [34]. To further articulate the difference between
a flipped classroom and flipped learning, the FLN identified four characteristics of
flipped learning as a (1) flexible environment, (2) learning culture, (3) intentional
content, and (4) professional educator.

The flipped learning method involves teaching and learning in both the face-to-face
classroom, as well as the out-of-class learning management system or related virtual
learning environment. So far, we have preliminarily examined students’ acceptance of
flipped classrooms within cloud classrooms [9]. However, less is known about the
holistic picture of flipped learning, particularly from the vantage of students’ social
presence in such contexts.

2.2 Unified Theory of Acceptance and Use of Technology

In order to improve understanding of user adoption behavior, a series of theories and
theoretical models have been developed in recent decades [11–19]. Currently, the
Unified Theory of Acceptance and Use of Technology (UTAUT) is the most accurate
and prominently cited model for evaluating user acceptance. UTAUT is based upon the
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integration of eight theories [11–19] is capable of explaining as much as 70% of the
variance. UTAUT consists of four major factors: performance expectancy, effort
expectancy, social influence, and facilitating conditions.

Performance Expectancy means the degree to which the students believe that using
flipped learning approach will help them to attain achievements. Effort Expectancy
means how easy it is to use the flipped learning method, including the technologies and
cloud classrooms used in flipped learning. Social Influence refers to the degree to
which someone perceives that important people believe they should adopt the flipped
learning approach. People who are important to college students include college
administrators, their course teachers, counselors, roommates, and influential peers, not
their parents, because they are seldom involved in the process of their children’s
college study. Facilitating Conditions refers to the degree to which individuals perceive
an effective organization and technical infrastructure that can support the system used
in flipped learning.

2.3 Social Presence

Social presence refers to the degree to which a person is perceived as a “real person” in
mediated communication [20]. This term was introduced by Short et al. in the 1970s and
has been regarded as critical because education relies on efficient communication, and
communication may change under the influence of technology mediation [21]. For
example, electronic communication often increases the psychological distance between
communicators, and tends to bemore task-oriented,whichmakes it less personal [22–25].

Social presence is important because it has been shown to affect users’ acceptance
of technology [26]. Additionally, the UTAUT factors of social influence [27] and
facilitating conditions [21, 23, 28] have been shown to influence social presence. These
studies indicate that social presence may be an important factor influencing college
students’ acceptance of flipped learning. Given that a wide variety of technological
phenomena are re-shaping the landscape of education (e.g., E-learning, M-learning, big
data, cloud technology, artificial intelligence) the social context of online learning is
becoming more complex than ever before. Since the flipped learning model partly
requires students to learn online, the influence of social presence becomes a critical
variable to understand. Therefore, the proposed research model integrated social
presence into our research model for evaluating college students’ acceptance of flipped
learning.

2.4 Research Model and Hypotheses

Based on our review of the literature, we have proposed a research model that inte-
grates social presence with UTAUT. As shown in Fig. 1, the following hypotheses
were proposed:

Hypothesis 1 (H1): The level of Effort Expectancy is positively related to Perfor-
mance Expectancy.
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Hypothesis 2 (H2): The level of Facilitating Conditions is positively related to
Social Presence.
Hypothesis 3 (H3): The level of Social Influence is positively related to Social
Presence.
Hypothesis 5 (H5): The level of Facilitating Conditions is positively related to User
Adoption.
Hypothesis 4 (H4): The level of Effort Expectancy is positively related to User
Adoption.
Hypothesis 6 (H6): The level of Performance Expectancy is positively related to
User Adoption.
Hypothesis 7 (H7): The level of Social Influence is positively related to User
Adoption.
Hypothesis 8 (H8): The level of Social Presence is positively related to User
Adoption.

3 Methodology

3.1 Participants

A total of 416 first-year college students (freshmen) who came from a local normal
university in Central China were the participants of this research. The term “normal
university” refers to a higher education institution that is focused on teacher preparation
and training. Before individuals started to learn Computer Basics and Applications, a

Fig. 1. Research model and hypotheses. Note: EE = effort expectancy; FC = facilitating condi-
tions; PE = performance expectancy; SI = social influence; SP = social presence; UA = user
adoption.
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compulsory course for all college freshmen in their first semester, they didn’t have any
experience with flipped learning. The participants consisted of 343 females and 73
males. This gender composition was consistent with the overall gender ratio for the
institution, and typical for normal universities in China. The age range of the sample
was between 17 to 20.

3.2 Procedure

This study and the course of Computer Basics and Applications was carried out over a
12-week period during the fall of 2018. At first, the researchers designed and produced
the resources for flipped learning of this course and placed it in the cloud classroom,
including instructional video clips, exercises, quizzes, homework assignments, etc., and
placed it in a cloud classroom. Then, one of the researchers, who was also an instructor,
assisted two other instructors to offer this course to all the participants with an approach
of flipped learning. Participants met with their instructor twice a week for a 90-min
class, one of which might be lectures, presentations, discussions or other activities in
the classroom, and another to practice in a computer lab. With their mobile phones,
participants could log in the cloud classroom to learn the online resources flexibly
during their extracurricular time. In addition, teachers and students could also use the
mobile app to develop some real-time interactive activities in the classroom, such as
making attendance, question and answers, and conducting a survey or quiz. In the last
week before the end of this course, all the participants were asked to fill out a ques-
tionnaire of the study.

3.3 Instrumentation

The UTAUT scale used in this study was adopted from our previous research [9],
which was a Chinese translation derived from the Venkatesh et al.’s [13] original
UTAUT instrument. The researchers modified this scale slightly to make it suitable for
the survey in the context of flipped learning. Finally, the UTAUT scale adopted in this
study consisted of five dimensions, a total of 20 items. To be specific, it included
performance expectancy (4 items), effort expectancy (4 items), social influence (4
items), facilitating conditions (4 items), and flipped learning acceptance (4 items). One
representative item has been included for each dimension: “In my opinion, the adoption
of flipped learning may improve my academic performance.” (performance expec-
tancy), “I think it is easy to use proficiently an online learning system or platform.”
(effort expectancy), “The college encouraged me to adopt the flipped learning method.”
(social influence), “I have the knowledge necessary to adopt the flipped learning
method.” (facilitating conditions), and “I often use learning resources in the cloud
classroom for flipped learning.” (flipped learning acceptance). All UTAUT items were
measured on a five-point Likert scale ranging from (1) strongly disagree to (5) strongly
agree.

A Social Presence Scale was adopted from Gunawardena and Zittle’s [20] instru-
ment. It consisted of a single dimension with fourteen items which were measured on a
five-point Likert scale ranging from (1) strongly disagree to (5) strongly agree. In order
to conduct the survey in the participants’ native language, all items were parallel
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translated from English to Chinese by the researchers firstly. Finally, the survey
translation was bilingually reviewed and revised by an educational technology expert
with over 20 years of teaching experience in the US and China. Two representative
items of this scale are “I felt comfortable interacting with other participants in the cloud
classroom for flipped learning.” and “I felt that my point of view was acknowledged by
other participants in the cloud classroom for flipped learning.”

3.4 Data Collection and Analysis Procedure

The questionnaire was directly sent to the class who have just experienced 12-week
long flipped learning in Computer Basics and Applications during the period of
December 24, 2018 to January 7, 2019. A total of 416 valid responses were received
voluntarily and anonymously. The survey data were entered into the computer and
saved as.cvs format required by the statistical analysis software.

Structural Equation Modeling (SEM) method was used to verify the research model
proposed in this study, and SmartPLS 3.2.6 was employed. The Partial Least Squares
(PLS) method is one of the statistical methods that used to search for latent patterns in
the data without or with little prior knowledge on how the variables are related [29].
Without any missing values, invalid observations or outliers, the data was preliminarily
analyzed with Smart PLS v.3.2.6. As there were as many as 14 indicators to measure
the latent variable SP, one of the indicators of SP, of which loading value was 0.626
and slightly below the standard value of 0.7, was trimmed.

4 Results and Discussion

4.1 Overview of the Survey

Table 1 provides an overview of the participants’ minimum, maximum, mean scores
and standard deviations on the flipped learning acceptance survey. The results showed
that responses to all variables were similar. The minimum and maximum ranged from 2
to 5, and the mean scores ranged from 3.61 to 3.70. Social presence (M = 3.61,
SD = .57) was shown to have the lowest mean score examined, while user adoption
(M = 3.70, SD = .61) was shown to have the highest mean score of the survey.

Table 1. Descriptive statistics

Latent Variables Min Max Mean SD

Effort expectancy 2 5 3.67 .63
Facilitating conditions 2 5 3.62 .59
Performance expectancy 2 5 3.66 .63
Social influence 2 5 3.69 .62
Social presence 2.07 5 3.61 .57
User adoption 2 5 3.70 .61

Note: n = 416.
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4.2 Confirming the Measurement Model

Like all other social science studies, the establishment of reliability and validity of
potential variables is a necessary condition for completing structural model testing. The
reliability of the measurement model includes indicator reliability and internal con-
sistency reliability, while the validity includes convergent validity and discriminant
validity [29, 30]. Therefore, the outer loadings, composite reliability, AVE (Average
Variance Extracted) and its square root should be examined and reported [30].

As shown in Table 2, these results were all greater than the ideal criterion presented
in the previous literature [31, 32], and indicated that this survey has satisfactory reli-
ability and convergent validity. All the outer loadings were between 0.708 and 0.911.
The Cronbach’s Alpha coefficients and composite reliability (CR) coefficients showed a
range of 0.822–0.934, 0.883–0.945 respectively. Such values were shown to be larger
than 0.7, so high levels of internal consistency reliability have been demonstrated
among all six reflective latent variables.

As shown in Table 2, it was found that all of the AVE values showed a range of
0.631–0.806 are greater than the acceptable threshold of 0.5, so convergent validity
was confirmed. What’s more, to evaluate the discriminant validity, the square roots of
AVE were compared to correlations among latent variables [31], which were larger
than the respective correlation coefficients. Accordingly, the measurement model in this
study had good reliability and validity, which had laid a reasonable foundation for the
following research.

Table 2. Results of the measurement model

Reliability of measures Convergent
validity

Discriminant validity

# of Items Cronbach’s
Alpha

CR AVE EE FC PE SI SP UA

EE 4 .907 .935 .783 .885
FC 4 .822 .883 .655 .772 .809
PE 4 .920 .943 .806 .830 .775 .898
SI 4 .910 .937 .787 .806 .795 .791 .887
SP 13 .934 .945 .631 .786 .739 .759 .727 .794
UA 4 .858 .904 .701 .770 .819 .736 .760 .724 .837
Ideal
criteria

Loadings > 0.7 >0.7 >0.7 >0.5

To support discriminant validity, square roots of AVEs are reported in bold; EE = effort expectancy;
FC = facilitating conditions; PE = performance expectancy; SI = social influence; SP = social
presence; UA = user adoption.
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4.3 Structural Equation Modeling Analysis

This structural model was checked its structural path coefficient sizes and significance
by using path coefficients, R2 value in Bootstrapping. Using a two-tailed t-test with a
significance level of 5%, the path coefficient will be significant if the T-statistics is
larger than 1.96 [30].

Explanation of Target Endogenous Variable Variance. Shown as Table 3, the
coefficient of determination, R2, is 0.729 for the user adoption endogenous latent
variable. It means that the five latent variables (effort expectancy, facilitating condi-
tions, performance expectancy, social influence, and social presence) explain 72.9% of
the variance in user adoption. Moreover, facilitating conditions and social influence
together explain 59.9% of the variance of Social presence. And effort expectancy
explains 68.8% of the variance of performance expectancy.

Structural Model Path Coefficient Sizes and Significance. Except for H6 (t = 0.342)
and H7 (t = 1.792), all other path coefficients in the structural model were statistically
significant. The PLS path modeling estimation for this study is shown in Fig. 2. The
structural model suggested that facilitating conditions had the strongest effect on user
adoption (0.452), followed by effort expectancy (0.203), social influence (0.129), social
presence (0.117), and performance expectancy (0.025). The hypothesized path rela-
tionship of H5 (Facilitating conditions ! Social presence), H4 (Effort expectancy !
User adoption), and H8 (Social presence ! User adoption) were statistically significant.

Furthermore, facilitating conditions also had the strongest effect on the social
presence (0.437), followed by social influence (0.381), as well as effort expectancy had
a strong effect on performance expectancy (0.832). H2, H3, and H1 were statistically
significant too.

Table 3. Structural model test

Hypothesis Independent Dependent Path T-Statistics p Result R2

Variable Variable Coefficient

H1 EE PE .832 37.778** .000 Supported .688
H2 FC SP .437 7.598** .000 Supported .599
H3 SI SP .381 6.373** .000 Supported
H4 EE UA .203 2.554* .011 Supported .729
H5 FC UA .452 6.710** .000 Supported
H6 PE UA .025 .342 .732 Rejected
H7 SI UA .129 1.792 .074 Rejected
H8 SP UA .117 2.341* .020 Supported

R2 coefficient of determinations. R2 of 0.75 is substantial, 0.50 is moderate, and 0.25 is weak.
* p < 0.05, ** < 0.001
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4.4 Discussion

By using survey data to validate the research model, we found that part of the UTAUT
relationships were confirmed, but some were contradicted in this study.

Firstly, facilitating conditions, effort expectancy which were consistent with the
viewpoints of Venkatesh et al. [13]. The college students in this study carried out
flipped learning with the online resources of Computer Basics and Applications course.
Considering that the freshmen have not yet purchased or carried a computer to the
campus, a mobile phone app with easy access and the friendly interface was recom-
mended for them. Since the students are very proficient in operating their smartphones,
a technology used in flipped learning no longer acts as a barrier to students. In this way,
they were more likely to accept flipped learning as technology-supported learning.

Secondly, the UTAUT model use performance expectancy and effort expectancy,
which incorporate the determinants of perceived usefulness and ease of use in the
original TAM model [13]. Therefore, it was not difficult to understand that effort
expectancy put a significant effect on performance expectancy in the results.

Thirdly, social presence was identified as one of the factors with the greatest
predictive value for user adoption. Furthermore, it was also an important mediating
variable for social influence and facilitating conditions to exert influence on user
adoption, because both of them had a significant influence on social presence. Good
communication facilities and network environment make individual to communicate
with others without obstacles, or even easier, which confirmed that the level of social
presence could be cultured and enhanced mentioned in the previous paper [27].

Fig. 2. Structural model results.
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However, there were two factors that had no significant effect on user adoption:
performance expectancy and social influence. To be exact, each of them had a positive
impact, but not strong. The result that performance expectancy or perceive of useful-
ness did not reflect the predictability of users’ behavioral intention, not only appeared
in this study, but also in a few of previous studies [8, 9, 33, 34]. This may be due to the
characteristics of the samples. Thomas, Singh and Gaffar suggested that culture and
country level differenced moderate the UTAUT effects [35]. The sample of this study
was the first-year students of a local normal university. They had little perception and
experience of flipped learning, so they did not have a strong sense of the usefulness of
flipped learning. This can be understood from the scores of four measuring items of
performance expectation. The average scores of the four items were 3.73, 3.64, 3.65
and 3.62, respectively. They distributed between “uncertainty” and “agree”, which
indicated that students’ perceived usefulness of flipped learning was not strong. Even
so, things may be going as some researcher mentioned that “even though a technology
may be perceived as being advanced, if it does not fit users’ task requirements, they
may not adopt it” [36]. Perhaps we should give more understanding to students’
internal psychological processes, such as how to stimulate students’ learning motiva-
tion and self-discipline, which have been mentioned by literature on online teaching.

Similar performance expectancy does not agree with the prediction in UTAUT
model, nor does social influence. The social influence of an individual comes from the
opinions of the people who are important for him. Friedkin and Johnsen mentioned in
their research, a person was difficult to maintain one’s own opinion on an issue when
the other members of his group had relatively uniform opinions on the issue [37].
However, Venkatesh et al. found that social influence seemed to be important only in
the early stages of personal use of the technology, which gradually diminished over
time and eventually becomes less significant with sustained usage [13].

The influential people for the participants in this study were their classmates and
teachers. Assuming that their teachers had less interaction with them, the companion
did not seem to have any influence on him. It is recommended that universities and
teachers should take the initiative to communicate with students about the knowledge,
experience, usage and usefulness of flipped learning, if they want to achieve better
teaching results in flipped learning.

5 Conclusion

The purpose of this study is to explore how Chinese college students accept the flipped
learning method by understanding the relationships among UTAUT variables and
social presence. Through the exploration of survey data gathered from 416 freshmen
who just experienced a course taught with the flipped learning method, the variables of
facilitating conditions, effort expectancy, and social presence were identified as the key
factors that lead to user adoption for flipped learning. SEM analysis also identified
social influence as a key factor affecting students’ acceptance mediated by social
presence.

While flipped learning is becoming a common phenomenon in higher education in
developing countries and throughout the world, the results of this study give instructors

18 J. Cai et al.



information to make reasonable design and teaching plans at the beginning of their
implementation of flipped teaching. Additionally, the implications of the relationship
between UTAUT and social presence observed in this study enrich existing knowledge
in ways that can improve the acceptance of computer-mediated learning in higher
education and provide a basis for further research on flipped learning. Some sugges-
tions that can be gleaned from this study are as follows: (1) universities and instructors
should fully consider the accessibility and conditions of flipped learning, to ensure that
they are very easy to participate with; (2) provide students with appropriate technical
training to reduce or eliminate barriers to using technology; and (3) build an active
community network into the curricular objectives in order to encourage students’
interaction with each other.

It should be mentioned that the data was collected within a specific context and
participant demographics. Therefore, additional research should explore the topic with
varying samples in a variety of academic settings (e.g., different university back-
grounds, different class sizes, different specialized courses) to expand understanding
and strengthen the generalizability of findings.
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Abstract. The significance of deep learning lies not only in the construction of
knowledge, but also in utilizing collective wisdom embedded in social networks
to form a rich social knowledge network. The learning cell platform, which
integrates comprehensive information such as interpersonal networks, knowl-
edge networks and learning activities, can provide good support for online deep
learning. The double helix deep learning model based on learning cells reflects a
deep learning theory of social interaction, collaborative knowledge building and
sharing, as well as cognitive development step by step. In this model, knowledge
network and social network are two basic frameworks, developing a social
knowledge network through the convergence of learning activities. The social
knowledge network takes knowledge content as the core node and establishes
relationships between two knowledge nodes, knowledge node and human node,
as well as two human nodes. In this model, learners and teachers are equal and
can exchange their roles. In the initial stage of learning, learners first construct a
knowledge network and an interpersonal network through reception learning;
with the gradual deepening of participatory learning, collaborative construction
based on knowledge interaction promotes the development of knowledge net-
works; the generation of network nodes based on interpersonal interaction
widens interpersonal networks, and personal learning network forms dynami-
cally and develops spirally; in the advanced stage of learning, learners can
actively connect with the networks, and construct the social knowledge space of
communities through creative learning activities and activity-based knowledge
contribution and creation, in order to achieve effective deep learning.

Keywords: Online learning � Deep learning � Learning cell �
Double helix learning model � Social knowledge network

1 Introduction

With the continuous development of network and multimedia technology, the network
environment that supports teachers and students has been greatly improved, but quali-
fied hardware environment does not really promote the occurrence of deep learning. At
present, the main teaching method in online learning is coping the traditional class,
namely recording traditional classroom videos with hand-writing on blackboard for
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students to watch and learn, etc. [1]. Such kind of learning is superficial: although it can
enable learners to acquire specific knowledge, the acquired knowledge is shallow and
superficial, which is not enough for learners to understand a problem as a whole and
cannot promote learners to reflect effectively or to transfer and apply knowledge
meaningfully. Moreover, the learning process lacks effective reflection mechanisms, and
the learners are learning in a predominantly passive state. For the most part, students just
remembered the contents mechanically and do not have in-depth discussion of prob-
lems. This is currently a common issue in online learning, which results in low-
efficiency and low-effect learning, making online learning seem powerless in leading
innovative instructional design, and eventually causing great waste of resources.
Reflecting on the current educational phenomenon, we find some problems can be
summarized as follows:

First, there is so much fragmented knowledge that is difficult for learners to identify
useful ones. The fragmented knowledge requires learners to be able to conduct self-
directed learning, organize their own knowledge systems and personal knowledge
networks. Thus, higher learning goals lead to lower achievements.

Second, online learning tends to make learners feel lonely and frustrated easily.
Since most online learning behaviors are passively accepted, and learners lack inter-
action with peers and learning experts. As a result, the lack of interpersonal commu-
nication leads to poor learning performance.

Third, the online learning behavior is relatively simple. In the process of learning,
learners passively accept knowledge, do not carry out learning by doing, and cannot
apply what they have learned to solve practical problems. At the same time, there are
not enough effective supervision for learners or learning activity design and learning
behavior planning to support deep participation in the online classrooms, which results
in a shallow learning.

In summary, based on the Learning Cell Knowledge Community (LCKC), this
paper attempts to propose a knowledge-based learning navigation, construct a double
helix learning model which assists group consultation and interaction in interpersonal
networks, and construction of multi-dimensional learning behaviors with activities as
the main line, and explore how to promote deep learning through online learning
designs.

2 Deep Learning Support System Based on Learning Cell

Learning Cell Knowledge Community (LCKC) is an open learning platform based on
the new concepts of ‘generation’, ‘evolution’, ‘adaptation’ and ‘social cognition’, with
learning cells as the smallest resource organization unit [2]. The platform consists of six
major parts: learning cell, knowledge group, knowledge cloud, learning tool, personal
space and learning community.

The deep learning behavior support system is based on the learning cell, which
includes four sub-modules: Online Behavior Interactive Module, Knowledge Evolution
Module based on Collaborative Wisdom, Visualization and Aggregation Module for
Multi-Connected Behavior, Evaluation Module for Motivating Deep Learning.
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2.1 Online Behavior Interactive Module

The core functions of Online Behavior Interactive Module are as follows: creation of
learning cell knowledge content, collaborative edition of knowledge content, com-
parison about the evolutionary versions of knowledge content, full-text annotation,
paragraph micro-annotation, resource evaluation, resource review, semantic informa-
tion management, resource semantics associations, learning activities, learning tools,
personal space, friends management, knowledge ontology construction, knowledge
networks, interpersonal networks, social knowledge networks, semantic tag annotation,
semantic searching, community learning and interaction, tools for aggregating
resources, etc.

The main goal of the development of online deep learning behavior interactive
support module is to realize the interactive support of nine different kinds of deep
learning behaviors, and to design corresponding functions according to these nine
learning behaviors.

2.2 Knowledge Evolution Module Based on Collaborative Wisdom

The core functions of Knowledge Evolution Module based on Collaborative Wisdom
contain: crowdsourcing technology of converging group intelligence, collaborative
content editing and version controlling technology, semantic resources modeling
technology, dynamic semantic resources aggregating technology, orderly resources
evolutionary controlling technology, and visualization path-displaying technology for
resource evolution. The group crowdsourcing technology mainly focuses on how to
gather the wisdom of groups and to realize orderly coordination. The collaborative
content editing and version controlling technology makes adaptive improvement based
on existing Wiki technology, so that ordinary users can edit content of the same
learning resource synergistically, and also ensure the security of the resource through
flexible version controlling technology. The semantic resources modeling technology
mainly uses popular semantic web technology, constructs an open learning resource
ontology, and provides quick semantic annotation and reasoning of resources; the
dynamic semantic resources aggregating technology that aims to realize automatic
aggregation between similar resources based on the semantic resource modeling,
forming a resource circle within the same theme; orderly resources evolution con-
trolling technology controls the directions of resource evolution through knowledge
ontology, content review and other technologies, to avoid purposeless developments;
the visualization path-displaying technology for resource evolution is to visualize the
evolution process of resources and contribution of various users in different growth
processes, enabling learners not only to understand the current knowledge, but also to
understand overall how knowledge is developed step by step.

2.3 Visualization and Aggregation Module for Multi-Connected Behavior

The core functions of Visualization and Aggregation Module for Multi-Connected
Behavior are as follows: learning path visualization, knowledge network visualization,
interpersonal network visualization, social knowledge network visualization, and label
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clustering, etc. The learning path visualization module visualizes temporal changes in
deep learning behavior. The knowledge network visualization module realizes the
dynamic demonstration of semantic knowledge relations. The interpersonal network
visualization module demonstrates the interpersonal relationship network topology
behind the learning behaviors, and the network change pattern, and supports the
analysis of interpersonal relationships of learning behaviors. The social knowledge
network visualization module displays the knowledge connections and interpersonal
relationships behind learning behaviors, integrates material resources with interper-
sonal resources, and showcases knowledge and interpersonal connections behind the
multi-connected deep learning behaviors. The tag clustering module can perform
cluster analysis on learning behaviors to realize knowledge discovery of learning
behavior data.

2.4 Evaluation Module for Motivating Deep Learning

The core functions of Evaluation Module for Motivating Deep Learning include:
learning evaluation plan setting, learning interaction data collection and analysis, multi-
dimensional evaluation result display, and diagnostic standard setting, etc.

LCKC provides evaluation services based on procedural information. The service
provides evaluation plan design tools for course developers. Developers can set a
certain evaluation plan for their courses. According to the plan, the system evaluates
the learning process and the overall learning state of the learners with the learning
process information of different learners in the course, and gives the results and
feedback to the curriculum developers and learners. During the learning process,
learners can view their evaluation information at any time, to understand their own
learning situation, and to appropriately adjust their learning strategies, realizing
process-based visualization assessment (Fig. 1).

In this visualized personal knowledge map below, the core node represents the
current user, the dots represent the knowledge points, and the arrows between the
knowledge points represent the relationships between them. Different colors of the dots
indicate different states. Red indicates that the current user has not fully grasped the
theme or knowledge point, blue means that the knowledge point has been created by
the current user, and green means that the current user has mastered the knowledge
point [3].

The generation of personal knowledge depends on various data in learning inter-
action. The system automatically collects interaction data of learning behaviors. After
analysis and computing, it can be visualized as a personal knowledge map. Through the
personal knowledge map, the learner can clearly understand his or her own effort and
progress, and eventually can motivate deep learning behaviors.
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3 Double Helix Deep Learning Model

Generally speaking, the term deep learning is very different from shallow learning.
Shallow learning is traditionally rote learning. Learners often take shallow learning
behaviors such as browsing without thinking, downloading and retrieving information.
Such learning behavior does not require too much thinking or cognitive processing, just
passively receiving information. The acquired knowledge are isolated, so the knowl-
edge memorization is generally good, but the knowledge transfer and application is
unsatisfied.

Deep learning, on the contrary, emphasizes meaningful learning, substantial
knowledge building, and adopts learning behaviors that require more cognitive input,
such as editing, reconstructing, comparing, and mapping concepts, etc. It involves
complex interactions with the learning objects, and often combine and array a variety
of simple learning behaviors, such as inquiry, collaboration and so on. Deep learning
can critically acquire new ideas and facts based on the in-depth understanding of
learning objects, and to incorporate them into the original cognitive construction, to
transfer existing knowledge to new situations, to make decisions and solve problems,
and to reflect the learning process and comprehension. It forms a constructive, active
learning, and the level of knowledge retention and transfer is relatively high [4]. The
cognitive psychology theory of deep learning is that knowledge acquired by human
beings is stored in the form of networks in the mind. Therefore, the knowledge
acquired through learning must be linked with previous knowledge, so that it can be
incorporated into a new knowledge system and establish lasting and meaningful
connections [5].

Learner

Course

Course

Course

Related 
Course

Related 
Course

Fig. 1. Visualization evaluation of learner’s knowledge map
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Based on the core concept of deep learning, according to the dimensions, levels and
relationships of online learning behaviors, this study preliminarily constructs the
double helix learning behavior model (Fig. 2) by drawing on the viewpoints of
Acquisition Metaphor, Participation Metaphor and Knowledge Creation Metaphor [6],
in order to promote the effective occurrence of deep online learning.

The model is based on LCKC integrating ‘learning content + learning activi-
ties + learning evaluation + social knowledge network’. In this model, learners and
instructors are equal and can exchange their roles. During the specific implementation
process, through the design of learner-centered interaction activities, users can be
guided to expand the knowledge network and interpersonal network from the bottom
up dynamically. And through the spiral development of knowledge network and social
network, each learner can go through different levels of learning behaviors and related
learning activities. In the initial stage, learners learn passively through the integration of
learning resources and activities, and then start constructing knowledge networks and
social networks. With the continuous deepening of participatory learning, collaborative
construction based on knowledge interaction promotes the development of knowledge
networks, and network node generation based on interpersonal interaction widens the
existing interpersonal networks. As a result, the interpersonal learning network is being
dynamically formed and spirally developed. In advanced stage of learning, learners
actively connect to the network, shape network nodes through creative learning
activities, build social knowledge space through activity-based knowledge contribution
and creation, dynamically construct a social knowledge network learning environment
based on interactive connections in real time, and achieve deep learning thoroughly.

Fig. 2. Double helix deep learning model based on the LCKC
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3.1 Achieving the Cognitive Development of Higher-Order Ability

This model pursues the deep-level cognitive input in the learning process. In terms of
cognitive development, it emphasizes the cultivation of application, analysis, evalua-
tion and creativity, rather than just superficial knowing and understanding in the tra-
ditional sense. Remembering, understanding, and application belong to lower
competency goals, which can be achieved through solving a series of well-structured
problems. Its main role is to enable students to store, consolidate, and simply apply
what they have learned. In this process, students only carry out shallow cognitive
processing, which is mainly reflected in the acquisition of knowledge. Analysis,
evaluation and creation belong to higher-level thinking abilities of development goals
[7]. In the process of teaching, a series of more complex learning activities are needed
to stimulate students to carry out deep cognitive processing, and to train students to do
more difficult or comprehensive thinking exercises, which is mainly embodied in the
participation, contribution and creation of knowledge.

This model emphasizes that it is not just to provide students with some simplified
questions or basic skills exercises, but to design deep interactive learning activities so
that they can learn how to deal with some complex and ill-structured problems in a
complicated learning environment, so as to improve deep cognitive processing ability.
Based on Bloom’s taxonomy of educational goals and the progressive relationship
between cognitive goals and cognitive levels, the corresponding sequence of learning
activities is designed in an orderly manner, so that the corresponding cognitive goals
can be achieved through the design of learning activities at the cognitive level (Fig. 3).

In online learning, learning activities and their sequential designs are the bridges
and ladders to promote the development of higher-order thinking ability. The learning
platform should not only be used as a tool for content storage and management, but
also as a tool for students’ autonomous learning, collaboration, teaching assessment,
knowledge processing, knowledge creation, research and development, and situation

Fig. 3. Design of learning activities to achieve cognitive goals for the promotion of the
development of higher-order thinking abilities
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exploration. It should be able to present dynamic teaching processes by means of
information technology. Besides, as a carrier of content, combined with learning
activities, it should achieve in-depth interaction between teachers and their students.

The teaching platform provides various support tools for teachers to organize
different levels and types of learning activities, including embedded interactive activ-
ities based on learning content, and learning activities based on units, courses, or
curricula. In designing some activities, the platform supports teachers to create, set, and
adapt activity sequences, and allows teachers to flexibly select and design learning
activities based on teaching pedagogies according to their own teaching content,
requirements and etc. In learning process, students can complete tasks by participating
in relevant activities. Teachers can transfer and operate the corresponding sequence of
learning activities according to the condition of the students’ learning, and can monitor
the operation of the learning activity sequence.

Bloom and Anderson’s classification of cognitive goals provides reference for the
design of learning activities. Different cognitive levels have different external behavior
requirements, which can be realized through the design of different online learning
activities. LCKC has designed learning activities for different cognitive levels to
support deep cognitive input in the learning (Table 1).

3.2 Multi-Level Learning Behaviors Promoting Cognitive Input

In terms of behavioral activities, Learning Cell emphasizes on all participation and
active construction, such as continuous and focused learning and communication, to
fully and actively engage in multiple interactions, such as medium interaction, inter-
personal interaction and self-interaction, to promote cognition from lower level and
state to higher ones, thus achieving cognitive balance.

Table 1. Cognitive level of learning behaviours based on LCKC

Cognitive
level

Behavioral verb Typical online learning activities

Remembering Recognizing, recalling Browse, download, label, collect,
subscribe, take notes, rate

Understanding Interpreting, exemplifying,
classifying, summarizing, inferring,
comparing, explaining

Homework, labeling, brief comments,
concept maps, Wayne diagrams, six
thinking hats, comments, discussions

Applying Executing, implementing Online editing, online debate, item
design, content rewriting, blogging,
production

Analyzing Differentiating, organizing,
attributing

Case analysis, report writing, online
speech, investigation design, structure
drawing, SWOT analysis

Evaluating Checking, critiquing Analytical comments, logical reasoning,
complex debates, problem analysis

Creating Generating, planning, producing Content creation, planning, problem
solving, projects design, exhibition plan
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In addition, Learning Cell also emphasizes on the cultivation of high-order thinking
ability through complex interactive activities of deep cognitive input. It is well known that
multi-learning behaviors at different cognitive levels are foundation for deep interaction
between learners and content. Learning Cell not only contains learning content, but also
includes learning activities and behaviors related to the learning content. Through multi-
dimensional learning behaviors, learners interact deeply with the learning content. In
online classrooms based on Learning Cell, learning behaviors can be clustered into nine
types which correspond to nine varying learning activities (Table 2).

According to the metaphor of learning, nine kinds of learning behaviors can be
divided into three different types: learning by reading/listening/watching, learning by
doing and learning by creating. Among these three types, learning by reading/listening/
watching is an individual learning behavior, while learning by doing and learning by
creating are cooperative learning and high-level cognitive behaviors. In specific
learning processes, such higher level of learning behaviors requires higher-order
thinking abilities and the support of knowledge networks and social networks.

Compared with traditional learning management system (LMS), learning cell and its
supporting environment can provide learners with a richer learning experience and a more
flexible way of knowledge construction and resource sharing, supportingmulti-dimensional
learning behaviors and intelligent tracking of multiple learning methods and behaviors.
Based on the three metaphors of learning and the basic interaction behaviors of the online
classroom,we classify learning behaviors of the online classroom into three levels (Table 2),
which are the elementary learning stage of individual construction, the intermediate learning
stage of group construction and the advanced learning stage of group creation.

Table 2. Analysis of learning behaviour based on LCKC

Learning behavior Learning activities Explanation

Learning by
reading/learning by
listening/learning by
watching

Watching video Teachers build knowledge groups
and learning cells to provide
students with rich learning materials.
Students browse learning material
and obtain valuable information

Learning by
doing/acting

Download resources, upload
resources for exercises and
tests

The learning environment realizes
the integration of content and
activities and resources seamlessly,
and realizes internalization of
knowledge by completing learning
tasks

Learning by connecting Establish connections
between different knowledge
units

Through the semantic association
and visual navigation of knowledge,
we can grasp the knowledge
structure as a whole in the
interrelation of knowledge, examine
and ponder from various angles,
deepen the understanding of
knowledge, and help stimulate
inspiration and promote innovation

(continued)
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Table 2. (continued)

Learning behavior Learning activities Explanation

Learning by re-
constructing

Build a personalized learning
schedule

With the resource aggregation tools,
learners can freely combine and
manage multiple small units of
knowledge, construct their own
knowledge systems, upgrade
knowledge management, and form
personalized learning courses

Learning by
communicating

Group negotiation,
communication

Learners acquire knowledge not
only through learning materials, but
also through communication with
experts, partners and learners linked
with the learning objects, to build a
social knowledge network closely
related to the learning content, and
to fully absorb the wisdom of others
through communication

Learning by
collaborating

Collaborative editing Through collaborative editing and
annotation, knowledge can be co-
constructed and shared

Learning by comparing One project or class with
different structures

By comparing with each other based
on the same topic or task, learners
can draw on others’ strengths and
find their own shortcomings.
Besides, learners can build a new
understanding of the current content
from multiple perspectives, to gain
deeper learning experiences

Learning by reflecting Rethink the evolutionary
versions and trajectories of
different learning units

Learners can not only learn the
current content, but also know the
historical process of the growth and
construction of a knowledge unit. In
the context of this process, they can
reflect on the internal logic of
knowledge evolution. At the same
time, the learning environment
should include detailed learning
records of the learners, which
migrates seamlessly throughout the
ubiquitous network and provides
exercises and evaluations based on
content and activities to facilitate
learners’ reflection on their learning
during the whole process

(continued)
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It can be seen that the multi-dimensional learning behavior based on the LCKC is a
combination of ‘learning content + learning activities + learning evaluation + social
cognitive network’ (Fig. 4).

The simplest learning activities are downloading, browsing, watching videos and so
on. Learners can learn by reading, watching and listening.

Throughout the learning process, learners participate in and complete the interac-
tive learning activities integrated in the learning content, complete the activities
designed by teachers, and learn in interacting. For example, learners can perform
learning by doing in tests, exercises and tasks.

For the entire knowledge units, LCKC provides a knowledge network based on
semantic association, which is convenient for learners to organize knowledge structure,

Learning Activities
Learning Resources

Virtual Classroom

QR Code
Learning Assessment

Fig. 4. Online classroom interaction behavior based on learning cells

Table 2. (continued)

Learning behavior Learning activities Explanation

Learning by creating Artifacts Learners do not only passively
accept knowledge, but also form
structured expressions based on
synthesis, re-construction, reflection,
and communication, and therefore
actively contribute wisdom, and
create new knowledge content

Learning by teaching Teaching Learners switch the roles between
“teaching” and “learning” and
realize learning by teaching through
creating their own new learning cells
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recall previously memorized knowledge, construct an overall understanding of the
entire knowledge system, and achieve learning by doing.

As learning proceeds, learners get a general understanding of the current relevant
knowledge content. In order to promote the further development of self-directed
learning, they can choose knowledge units that are most interesting to them and
establish relations among knowledge units, then realize learning by creating a per-
sonalized learning schedule.

In the whole learning process, learners use the KNS network, interpersonal network
provided by the platform to communicate with experts and other learners, so that they
can obtain relevant information through communication, expand the source of infor-
mation, and consult and construct meaning in group through comments and discus-
sions, so as to realize learning by communicating.

In the process of learning, learners can also collaborate through annotations and
editing of full text. The content editing function provided by the LCKC allows anyone
to modify and improve the course content at any time, combined with semi-intelligent
content review mechanism, that is, when the edited content is closely related to the
original content or after review by the original creator, the system will automatically
generate a new course version [3], such as presenting various versions of the designed
plans. The content editing function allows the continuous updating and polishing of the
course by utilizing group wisdom, avoids waste of resources, and realizes learning by
comparing through the visualized comparison of the course versions.

In addition, through the visualized comparison of versions, learners can view the
development of knowledge, the associated resources and users (Fig. 5). By viewing the
historical track of the growth and construction of a knowledge unit, learners can know
the internal logic of the evolution of knowledge in the progress, effectively reflect on
their own learning, and thus conduct learning by reflection.

The Associated Resources

Users

Fig. 5. Learning by reflecting is based on learning trajectories and associated users and
resources
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Learners not only passively accept knowledge, but also construct a structured
expression after synthesis, re-construction, reflection and communication, and actively
contribute their own wisdom. They can actively contribute, create new knowledge
contents, and realize learning by creation through digital products.

On the LCKC, while ‘teaching’, it is often able to deepen the remembering and
understanding of the content taught by the instructor, and the learners can regularly
switch the roles of ‘teaching’ and ‘learning’ in the process of communication and
collaborative editing. On the basis of constructing new knowledge groups and releasing
new learning cells, learners can also realize learning by teaching through publishing
teaching and other forms, so that teaching and learning can benefit each other (Fig. 6).

In the virtual classroom’s learning environment on the LCKC, the consumers of
knowledge are also producers of knowledge. Under interactive metaphors, co-creation
becomes possible and learning by creating becomes a new type of multi-dimensional
learning activity. Learning by creating based on exchanging teacher and learner’s role
has become a highlight of knowledge creation. Those can achieve high-level cognitive
goals and promotes the development of high-level thinking ability.

3.3 Developmental Support Based on Social Knowledge Network

In addition to being an independent and complete learning unit, learning cell can also
serve as an intact and independent learning unit. It is also a channel and medium for
learners’ cognitive network connectivity. Through interaction with learning content, the
learner forms a knowledge network, and the relevant learning groups can constitute a

Teaching Space 

Fig. 6. Learning by teaching is based on content creation and publishing
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social network. The superposition of multi-dimensional interaction behaviors of
‘human-knowledge-human’ and ‘knowledge-human-knowledge’ promotes the forma-
tion of a social knowledge network. Therefore, in this model, the knowledge network
and the social network are two supporting pillars. Social knowledge networks are
formed by connecting learning activities. It is not only a support to promote deep
learning, but also a goal to enable effective deep learning.

Knowledge Network
Relevant contents are connected by internal connections and logic, and then a
knowledge network forms. The knowledge network pays attention to knowledge
possessed by a learning community and focuses on knowledge association, which
embodies the concept of knowledge distributed storage.

Semantic-based technology is used to construct knowledge networks for learning
cell, so that same or similar content can be aggregated into a thematic knowledge
network. Thus, learners can better learn through network navigation. With the con-
tinuous enrichment and evolution of learning content, units of the same or similar
topics gradually converge into a knowledge network, and learners can better plan their
learning goals and paths.

A knowledge network includes not only individual learners, but also other people
and communities. A knowledge network focuses on thematic aggregation. Under the
thematic aggregation, it generates, connects, refines and deepens views, and focuses on
the reorganization and acquisition of relevant viewpoints and topics (knowledge). This
makes topic-based learning become one of the most important learning models in
knowledge networks. In this model, knowledge network learning focuses on learners’
knowledge acquisition, learners’ interconnection, contribution and creation of knowl-
edge networks, while topic-based learner aggregation is the most typical online
interaction model, which makes group collaboration and group knowledge construction
relatively easy.

Social Network
In online learning, learners learn from not only resources but also the social network
built about a certain knowledge point, which are an important part of the learning
process [8]. A social network emphasizes the relationships and interactions among
them. Learners can express their views, ideas, comments and so on in the social
network, which links them to other people interested in the same or similar topics, and
therefore gain further knowledge through the expansion of relationships.

A visualized social network organizes learners with common interests and hobbies
together, or separates members with different interests and topics into different
knowledge-based themes to build new communities, which will enhance members’
interests and enthusiasm in exploring common topics and interests, and promote the
deeper development of knowledge construction of individuals and groups (Fig. 7).
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In the open knowledge community of learning cell, the initial content will become
the learning basis of knowledge community. Each learner can construct, share and
create community knowledge by participating in corresponding learning activities and
carrying out corresponding social interaction, thus complement and upgrade the
learning content. As learning goes on, personal knowledge is gradually externalized
into community knowledge. The scattered and disordered knowledge of individual
learners is gradually condensed into a collective and orderly knowledge network.
Through the continuous social interaction within groups, the knowledge network
evolves and develops spirally, and finally promotes learning through top-down
knowledge absorption and internalization. It can be observed that in the learning
process based on social knowledge networks, knowledge is constructed and shared
together. The content at the initial stage is the foundation of the knowledge develop-
ment, and activities are the carrier of knowledge diffusion and creation. Learning based
on social knowledge network promotes the ecological development of knowledge
(content) networks through the integration of curricula, resources and activities.

Social Knowledge Network
With learners constantly interacting with each other, a cognitive network with the same
learning interests, hobbies and frequent interactions takes shape, namely the social
knowledge network (Fig. 8). Each learner is an entity in the cognitive network space,
representing as a node, and can establish connections with different learners’ nodes
through learning resources or other individual learners. The strength of connections
between or among nodes is represented by a multi-factor cognitive model. With the
continuous learning and interaction of learners, the state and connection of nodes in the
learning community network is getting updated continuously [3].

Knowledge themes 

Learners 

Learners 

Learners 

Learners 

Fig. 7. Knowledge-centered social network based on learning cell
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Learning cell combine the evolvable material resource with human resource to form
a KNS (Knowledge Network Social Service) that can dynamically evolve and self-
develop [8], which reflects the connection between material resources and human
resources, builds network aggregation to a certain scale and depth, and will have social
intelligence. Different from the general communication network defined by social
networks, a social knowledge network is a network composed of knowledge and
people. It is constructed in the process of deep interaction between people and
knowledge. With a social cognitive network, learners can not only obtain the required
material resources, but also find the corresponding human resources. For example,
through certain learning content, the learner is able to quickly locate the most
authoritative experts or suitable learning partners in this content field. We can see that,
as a resource to promote deep learning, the human networking has become more and
more significant. If learners can participate in resource-related interpersonal networking
while obtaining material resources, they can thus gain knowledge and wisdom from
other learners.

Deep Learning Based on Social Knowledge Network
A social knowledge network integrates knowledge network and social network; it is an
effective scaffolding to promote deep learning interaction, and an important bridge to
promote effective occurrence of multi-level interaction. Learning based on a social
knowledge network is a kind of connected and creative learning. This integrated
learning method connects learners and content, and promotes better collaborative and
creative learning activities as well as deep learning.

Learners 

Learning resources

Learning resources

Learners 

Fig. 8. Social knowledge network

Double Helix Deep Learning Model Based on Learning Cell 37



The interaction between learners and knowledge networks focuses on the acqui-
sition, reorganization and creation of knowledge structures. The visualization of the
navigation, organization and cognitive processes can effectively support the con-
struction of knowledge, such as learning by reading/listening/watching. The structure
and association of knowledge can be understood by searching for knowledge through a
network. Typical types of activities are such as learning by reorganizing, establishing
connections between knowledge systems (networks) and reorganizing or reconstructing
learners’ knowledge structures. As a part of the knowledge ecology, learners can also
keep the ecosystem developing through the contribution and creation of knowledge.
The visualized knowledge network based on semantic association is a multi-path
cognition, which expands the breadth and depth of knowledge construction, builds a
scaffolding to structure knowledge system, and provides new possibilities for deep
learning. From the perspective of social interaction, in the learning process based on
knowledge network, people are a kind of very important resources, playing the role of
both medium and pipeline. Knowledge-based interpersonal interaction requires col-
laboration and interaction between knowledge network and social network.

The interaction between learners and social networks is about promoting group
participation and network construction upon sharing, negotiating and communication
to study ‘who knows whom’, and to let learners access more content through con-
nection. Therefore, discussion and communication have become important learning
methods [9]. A social network focuses on the sharing and communication of inter-
personal knowledge, and focuses on group cognition and group knowledge construc-
tion. ‘People’ can learn from each other and can be a source of knowledge. In social
networks, people are an important part of building this ‘pipeline’. In addition to being
an independent and complete learning unit, it can also serve as a mediator for learners
to recognize network inter-connectivity. In other words, people who learn the same or
similar subject content can also realize the collaborative interaction between a
knowledge network and a social network through learning resources.

In a social knowledge network, knowledge network and social network are syn-
ergistic and interactive, and they are mutually permeated and transformed. The
dynamic development provides the possibility of dynamic connection and transfor-
mation between the individual internal cognitive network and the external cognitive
network, which guarantees a sustainable development of deep learning. With a
knowledge network, learners can establish dynamic connections between learners and
teachers, share the interpersonal network and social knowledge network in the learning
process, and meet the needs of socialized learning. With social networks, knowledge
nodes gain continuous knowledge diffusion, knowledge dissemination and knowledge
creation through the group’s cognition and cooperation. Knowledge is in a dynamic
and changing development process. As long as learners keep in touch with current
medium (contents or learners), they can grasp the ecological nature of the personal
learning network at any time (Fig. 9).
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In the social knowledge network, the learning channel has changed from focusing
‘human’ to both ‘human’ and ‘knowledge’, thus promoting a new way of learning,
namely connective learning. The paradigm of learning moves from traditional con-
structive learning to connective learning in the new social learning era. During the
construction of learning network, its nodes can be either human or knowledge. The
process of connecting and constructing a personal social knowledge network through
connection facilitates the depth and breadth of individual socialized learning, as well as
promotes the process of connecting and transforming individual internal and external
cognitive networks. In this process of interaction, learners improve their own personal
cognitive networks, and also form part of the social network, sharing and constructing
social cognitive network (Fig. 10).

Social knowledge network unloads part of knowledge processing and interpretation
to the nodes of learning network, and learners can establish various interpersonal
network nodes according to the learning subjects, so that each node can store and

Fig. 9. Penetration and transformation of the knowledge network and social network

Connective Learning

Human 

Knowledge

Fig. 10. Learning is the process of sharing and constructing individual and social cognitive
networks
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provide the knowledge they need. In this way, part of the individual learning work is
unloaded onto the network, in order to better develop higher-order thinking ability and
achieve higher-level cognitive goals, better conduct group development and knowledge
creation, and better achieve deep learning.

From the perspective of knowledge construction and community knowledge cre-
ation, the social knowledge network provides an open learning environment with
ecological attributes. Through knowledge contribution and creation, learners constantly
promote the evolution of knowledge nodes, and keep the knowledge nodes updated in
real time through the learners’ distributed cognition, and the way they learn in rela-
tionships. With the continuous development of learning, knowledge in the knowledge
community is gradually increasing, and has been continuously evolving through col-
lective wisdom [10]. On the other hand, the connection and interaction of learners
enables individual-level knowledge to spread to collective-level and become public
knowledge. Knowledge is transformed and distributed in human resource, namely the
social network. In the network, people become the carrier of knowledge and related
services, thus the sociality of knowledge has been constantly evolving.

Learning environment based on social knowledge network is a complex and dis-
tributed learning, which is based on social knowledge sharing, dissemination and
creation. In the interaction between individuals and the environment, the nodes of the
network are ‘people’ and ‘knowledge’, and the pipeline and medium carrying the
distributed knowledge base may be a knowledge network or a social network related to
the relevant knowledge node. Therefore, in this learning environment, knowledge
nodes provide continuous knowledge diffusion, dissemination and creation through
group cognition and collaboration. Knowledge is a dynamic process of development.
As long as learners keep in touch with the current medium (contents or learners), they
can obtain the ecology of the individual learning network at any time.

The connectivism learning theory puts learning context into the social network
structure, and believes that learning is the reconstruction and establishment of nodes
and relationships in knowledge network structures, “learning is the process of con-
nection of network nodes” [11]. It can be said that learning based on social knowledge
networks fully reflects connectivism. It is considered that learning is ‘network con-
nection and network creation’. It is a kind of deep learning that connects user nodes and
knowledge nodes in learning network and promotes knowledge contribution and cre-
ation to shape new network nodes.

4 Open Course Design Practice of Deep Learning

Teachers participating in the ‘National Training Program for Prominent Teachers in
Primary and Secondary Schools’ mainly come from the ‘Basic Education Innovation
Exploration and Experiment’ project, which is organized and implemented by the
School of Educational Technology of Beijing Normal University. There are more than
30 pilot areas with more than 400 primary and secondary schools joining in the project.
In order to better promote teachers’ professional development and cultivate research-
oriented teachers, the project team organizes‘National Training Program for Prominent
Teachers in Primary and Secondary Schools’ once a year. The trainees are qualified
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teachers and leaders selected from each experimental area. By virtue of the LCKC and
its supporting environment, the training takes activities as its main line and the social
knowledge network as the interactive and collaborative approach, and covers multi-
dimensional learning behaviors to promote deep learning.

Knowledge Acquisition Stage
In order to enable teachers to think, gain and practice while learning, the project team
independently designed and developed training courses, and submitted their contents,
such as learning resources, lecturer notes, learning activities and evaluation plans to the
‘National Training Program for Prominent Teachers in Primary and Secondary
Schools’ before the start of the training. Teachers watch the lectures and download the
learning resources to complete the process of knowledge acquisition.

At the same time, the teachers participating in the training program need to decide
topics and upload an instructional design plan on the LCKC. All instructors and
teachers trained can watch, collaboratively edit, micro-annotate or comment to promote
the teachers’ learning by doing. Once all the teachers have submitted their instructional
design plans, the instructors of the training program group the participating teachers
according to similarity of instructional themes and the difference of geographical
location of the teachers, in order to facilitate deeper communication in group and to
promote the transformation and output of the content in order to test training
performance.

Interactive Learning Stage
The one-week intensive training is an important phase to realize deep learning in online
classrooms and a great opportunity to establish a social knowledge network and create
a learning community of teachers.

The design of the course content is coherent, covering from theoretical research,
technical operation to teaching practice, and establishes the connection between
knowledge through semantic association and visual navigation (Fig. 11) to help

Knowledge

Fig. 11. Knowledge network of the prominent teacher training program
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teachers understand the relationship between topics, deepen the overall understanding
of the course and realize learning by connecting.

The teaching content of each topic contains learning activities, which instructs the
teachers to communicate, share, negotiate, cooperate, and apply. For example, in the
learning process of ‘Lecture 8 - Regional Teacher Training Based on Learning Cell
Knowledge Community, the trainer had designed learning activities for teachers to
combine theory with practice and apply the theories they had learned previously into
teaching.

In order to ensure the in-depth construction of a social knowledge network and
realize deeper understanding of the course, the training takes the instructional design
plans submitted by teachers in the preliminary preparation as the carrier, guides
teachers to share with each other, and then chooses an instructional design plan in the
group for collaborative exchange and consultation to discuss, modify and improve
jointly. Based on the experience and consensus, trainees and trainers collectively
modify the instructional design plan of other members in the group. At the same time,
trainers from the project can interact with interested experts and peers, share their own
experiences and views, learn from professionals or peers’ expertise, or consult with
them on certain problems (Fig. 12), to absorb others’ wisdom in communication, to
build and share in a cooperative manner, and to improve self-learning by comparing.

Content Creation Stage
During the one-week face-to-face training, prominent teachers are encouraged to reflect
his or her individual knowledge construction and collaborative knowledge construction
based on the online learning trajectory of their training, and to enrich the social cog-
nitive network by guiding the individual teachers to interact with other individuals
through learning evaluation program designed by the curriculum designer (Fig. 13).

Professionals 
Peers 

Consult With Professionals 

Fig. 12. Look for experts or peers in interpersonal network on LCKC
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In the meantime, this training also includes remote tracking of the training effect for
one semester after face-to-face training. The trainees need to complete five practical
tasks in the following semester, consisting of a technical work, a public class, a topic
discussion, a live or distance training, and a research paper. The five practical tasks
follow the course design ideas of group training, which not only helps teachers to
transform the content of the training into products for teaching or research, but also
guides teachers to carry out all-round practical exercises around a teaching or research
theme to realize the combination of theory and practice, and to promote thusly the
output of deep learning results.

The training is oriented towards practical application, which promotes teachers’
self-reflection, enhances teachers’ sense of innovation and the value of the training
results in large scale. Thus it continuously promotes the ability structure of individual
teachers and their groups, and cultivate real research-oriented teachers.

5 Summary

LCKC integrates comprehensive information such as interpersonal network, knowl-
edge network and learning activities, which offers support to solve shallow learning
problems in current online education.

The construction of social knowledge networks is an effective way of deep learning
on the LCKC. The system can easily form a closely integrated cognitive network
between knowledge and knowledge, knowledge and people, and people and people by
establishing semantic relations between different learning cells, learning cell and

The Learners’ list

Learners’ name 
Learners’ score

Learners’ state Study-time Operation 

Not finished

Viewing the evaluation details

Fig. 13. Teachers’ participation in course study
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people, and different peoples. From this aggregated cognitive network, it is possible to
quickly and accurately find learning cell sets and interpersonal resource sets with
certain semantic associations. With multi-dimensional learning behaviors and activity
interactions, continuous development of knowledge networks and social networks has
laid the foundation for the construction of learners’ groups, learning behaviors and
knowledge networks, and interpersonal networks, which enhance the effective occur-
rence of deep learning.

The double helix deep learning model of the LCKC reflects this kind of deep
learning concept, which is a model of deep learning with group construction and
sharing. During the process of learning, from the initial stage of learning by reading to
the final stage of learning by creating and learning by teaching, change is reflected in
learning participation, that is, the transition from passive learning to active learning, the
transformation from individual learning to group collaboration, from knowledge
acceptance to knowledge creation, from being a learner to a teacher.

The social knowledge network is established based on the corresponding learning
behaviors, so the knowledge network not only reflects the connection between knowledge
and knowledge, but also the connection between people and knowledge, people and
resources. In these connections, the emphasis on human-oriented knowledge flow is to
achieve the transfer, sharing, creating and applying knowledge among participants in the
network. The significance of deep learning lies not only in the construction of knowledge
content, but also in the use of collective wisdom contained in social networks to form a
rich social knowledge network. Individuals can enrich and improve the network’s content
in collaborative learning, not only to acquire existing knowledge, but also to grasp the
methods of learning and the ways to obtain extra knowledge, and to form a network of
knowledge with people interacting and intertwined, through which learners can acquire
required knowledge continuously. Different from the interpersonal relationship estab-
lished by the general social network, the social knowledge network takes the knowledge
content as the core node, and establishes a relationship between knowledge and knowl-
edge, knowledge and people through knowledge content. The connection between
learners and knowledge enables the original knowledge content to gain more develop-
ment. The cognitive wisdom of all learners is gathered through the learningmaterials, and
thus a social knowledge network, which can evolve dynamically and develop by itself, is
formed with material resources and human resources.
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Abstract. The main idea of this paper is to illustrate validity and functionality
of educational principles, which were stated by Comenius already in the
17th century in the dark time of religious, power, consequently social, scientific
and cultural changes in Europe but which are incredibly eternal, vivid and
efficient up to now in the so-called information society. These principles are
shown in the eLearning environment. This presentation encompasses two main
areas which inherently blend together: didactic area which represents the
theoretical level and the practical level with examples of applied Comenius
principles in the current educational situation in teaching/learning languages at
the Faculty of Informatics and Management, University of Hradec Králové.
Modern approaches to learning languages mingle with the medieval approach to
the process of education. This paper begins with introducing the theologian and
philosopher Johann Amos Comenius who was born in the Czech kingdom under
the rule of Habsburg dynasty at the very end of the 16th century. His importance
and contribution as a reformer of the educational system is briefly outlined
so that the readers could get acquainted with his ideas born and developed at
the outbreak of a new epoch. This is followed by an illustration of selected
timeless didactic principles formulated by J.A. Comenius applied in the current
concept of teaching/learning languages with focus on the design of accompa-
nying e-course.

Keywords: Philosophy � Pedagogy � Didactics � Blended learning � Nature �
Knowledge

1 Introduction

Johann Amos Comenius was ranked among 50 influential thinkers in the area of
education from the time of Confucius to the 19th century [1].

One of main missions, maybe the most important one, was to make the world better
that intertwines through his works. Comenius’ work has so many forms, but above all,
it represents a unique and original synthesis directed by its reformative program into
the future. His efforts for harmonious humanity have exceeded the horizon of his time.
According to Jan Kumpera [2] this idea is most explicitly formulated in Comenius
magnus opus from 1644 De rerum humanarum emendatione consultatio catholica -
General consultation on reform of Human Affairs [3]. Comenius’ educational
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philosophy is clear - only education can develop human qualities. Only this path leads
to the gates of wisdom, only this way it is possible to improve the individual, the
nation, the humanity. Comenius described the educational activity and the ‘light of
knowledge’ as the ‘wisest weapon’ that can fight the ignorance [4].

Can you see the parallel with astonishing saying of Howard Earl Gardner?

“I want my children to understand the world, but not just because the world is fascinating and
the human mind is curious. I want them to understand it so that they will be positioned to make
it a better place. Knowledge is not the same as morality, but we need to understand if we are to
avoid past mistakes and move in productive directions. An important part of that understanding
is knowing who we are and what we can do… Ultimately, we must synthesize our under-
standings for ourselves. The performance of understanding that try matters are the ones we
carry out as human beings in an imperfect world which we can affect for good or for ill.”
(Howard Gardner 1999). [5]

2 Comenius Significance in His Time and Now

Comenius made his name as a scholar - reformist during his lifetime. He lived in the
time of vital changes when old medieval structures based on given privileges were
giving way to new social and economic horizons, in the time of chaos when old was
leaving and new was being created. European science was undergoing complex
changes. Enlightenment, philosophical movement with rationalistic thinking, which
highlights possibilities of human reason and science came on the world stage.

2.1 Comprehensive Consideration

In Comenius’ work Renaissance and humanism as well as enthusiasm to new scientific
trends are reflected as they influenced his work. At the beginning in his internal exile in
East Bohemia, his creative activity aimed at local issue of reforming the Czech situ-
ation in Catholic Habsburg Empire. Soon since the 1630’ since the time when he, as
well as, other people who didn’t want to convert to Catholicism had to emigrate his
work was given a wider scope. He could see that the Czech question should be resolved
within the wider framework of a new pan-European arrangement. Therefore, Comenius
used more and more Latin, the international language of European scholars.

A modern Latin textbook Janua linguarum reserata - The Gate of Languages
Unlocked which was published in 1631 brought him European fame [6]. This textbook
provided students with basic encyclopaedic knowledge. The idea of connection
between the knowledge and language is of key importance. However, pedagogy and
didactics weren’t a goal, but a means to know the world Practical part of the paper
stems from this work.

Comenius fully concentrated on the pansophia, or the omniscience, of a compre-
hensive and well-arranged system of knowledge, through which the Czech reformer
wanted to bring education out of the labyrinth of chaos and confusion [2]. Comenius’
proposals received considerable acclaim throughout Europe, particularly in England.
Comenius was invited by a group of reform politicians and scholars to start working on
establishing Collegium lucis ‘The College of Light’ in London which was supposed to
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be a kind of international academy. Due to the outbreak of the English revolution
his plans failed but the program Via lucis has survived and is published up to present
days [7].

The death of Comenius, the last Bishop of Bohemia Brethren, seems to symboli-
cally close the development of the Czech Reformation. With the onset of the utilitarian
Enlightenment, the influence of Comenius’ work began to fade rapidly. In spite of the
fact that the Enlightenment objected Comenius ideas, his scientific ideas led to
establishment of scientific societies and academies [4].

Until the 19th century, Comenius was nearly forgotten. German classical philos-
ophy rejecting unilateral enlightenment rationalism rediscovered Czech reformer
Comenius. It is worth mentioning German writers Johann Wolfgang Goethe and
Johann Gottfried Herder who were able to appreciate this scholar. J. W. Goethe liked
his textbook with pictures Orbis Sensualium Pictus (Visible World in Pictures) [8],
which was published in many European languages but first in Latin and German.
Theologian and philosopher J. G. Herder appreciated Comenius’ ideas of peace, better
organization of mankind, and the careful care of mankind [9].

Comenius’ work became widely translated and published in the 20th century not
only in Europe but also in the United States or Japan.

In our country there were and are outstanding comeniologists who have worked out
Comenius legacy and brought it to the professional and public audience. Comenius
work is approached and predominantly researched from pedagogical, linguistic, ethical,
anthropological and theological perspectives, e.g. [2, 10–13].

2.2 Democracy and Psychology in Comenius Legacy

Comenius developed and promoted a new concept of education that radically diverged
from what was known in his epoch. At that time, the society was hierarchically divided
and he sought to ensure that all people, men and women, receive the same education,
regardless of race, nationality and social status which bears a strong democratic feature,
the right to education for all [14]. Czech reformation followed the idea that all people
are equal because they are God’s creatures, so they have the same right to education.
He later called the concept pansophic, and determined his achievement of life wisdom
as his specific goal [15].

Dagmar Capkova interprets Comenius’ well-known didactic motto omnes, omnia,
omneno, as the foundations of his democratism, for omnes stands for all people, who
ought to learn and be taught omnia, that is, everything necessary, in all possible ways
(omneno), in order to live in harmony. Moreover, Capkova sees the roots of Comenius
democratism already existing in the Hussite and Brethren traditions: [16].

As the founder of modern pedagogy, he also took psychological considerations into
account. Hence the emphasis on didactic methods to be natural, non-violent and
consistent with gradual mental development. “Omnia sponte fluant, absit violentia
rebus” - Let it flow freely, without a violent solution. Piaget highlighted psychological
value of Comenius principles:

• dependence between cognitive functions and activity
• the principle of positive and affective motivation,
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• the principle of consecutive development,
• the aspects of facilitation/inhibition of the educational process,
• the principle of teacher-learner cooperation [17].

2.3 Two Influential Thinkers and Their Approach to Nature

The nature of Comenius work draws, follows and develops thoughts of a wide scale of
thinkers from Antic time via strong influence of humanist and renaissance epoch to his
contemporaries.

Privilege position has Francis Bacon with his materialism, scientific approach to
nature, see more in Comenius and Bacon: Two Early Modern Paths to Restoring
Knowledge by Čížek [18] or Patočka [19].

Comenius approach to nature was not knowledge-based, but educational –

based [20].
Another influential philosopher was theologian Thomasso Campanella and his

perception of nature and sensualistic attitude to knowledge, see Philosophia sensibus
demonstrata (“Philosophy demonstrated by the senses”) [21]. Campanella was a vig-
orous critic of the traditional Aristotelian approach to knowledge and strove for a
fundamental reform. His project of a unified system of all the sources of knowledge
included experience, reason, and faith. These, he hoped, would penetrate all branches
of knowledge and would lead toward goals of emendation in the society [22]. Idealistic
utopian ideas formulated in The City of Sun can be found in Comenius work as well,
see more Comenius and Campanella by Patocka [23].

3 Didactics and Selected Principles

The term Didactics as the art of teaching, learning and pedagogical skills was intro-
duced by German pedagogue and reformist Wolfgang Ratke. Young Comenius met
with Ratke´s reformist educational concept in Hebron where he studied [24].

This article stems predominantly from Comenius masterpieces Didactica Magna
[25] and Janua linguarum reserata (The Gate of Languages Unlocked) [6]. Latin
textbook Janua linguarum reserata emphasized what later became an increasingly
popular inductive approach instead of the common grammar-translation approach to
language education. Capkova states in her paper School and Formation of Humanity
that the idea of didactics, played the vital role in the process of restoration and that
Comenius himself considered didactics as an ‘art of arts’ [20].

The core of his Didactics consists of 29 didactic rules or fundamentals according to
Comenius ranked into three chapters: How to make education certain, How to make
education easy, How to make education thorough. Patocka selected the following
principles to show their eternity: the principle of realism; the principle of things before
words; words as auxiliary tools; the principle of object teaching; the principle of
learning with understanding; the principle of progress from the particular to the
abstract, but also from the whole to the parts, from the simple to the complex, from the
easy to the difficult; the principle of fundamental periodicity, etc. [26].
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‘Principle of graduality’ was selected as the first principle because it is considered a
main construction element. This principle relates not only to the way study material
should be worked out and presented to students but it also relates to the whole concept
of education which is designed on this principle based on four phases human beings go
through like four seasons in the nature. Lukas and Munjiza bring in their study a
simplified pattern of this concept:

1. School of infancy where external senses should be exercised;
2. Maternal school (general school) where internal senses should be encouraged like

imagination and memory;
3. Latin school (grammar school) where understanding and reasoning should be

developed and finally
4. Academy should raise the will to study [24].

At that time at the Comenius time ‘Life-long education’ expression was not
established, however now Comenius’ concept of education is commonly considered as
a life-long process, see more [16] or above mentioned Lukas and Munjiza study [24].

Lukas nad Munjiza highlighted their study the following principles: visuality, sys-
tematicity, democraticism, appropriateness. Fundamental principle to which everything
relates is naturalness.

In the practical part of the paper, university environment is discussed. The university
environment corresponds to the Comenius fourth level of the educational concept, to the
level called Academy. We will not focus only on the motivational factor characterizing
this Comenius level Academy - ‘to encourage students to aspire to education’ but to the
whole scale encompassing senses, imagination and memory, understanding and rea-
soning and willingness to study. Don´t these terms like memory, understanding, rea-
soning remind us Bloom´s taxonomy little bit? That might be an issue into the
discussion. In some way, these cognitive processes are imbedded in the thoughtfully
formulated targets of individual lessons in e-courses according to Bloom´s taxonomy.

Simonova discussed Comenius principles in engineering education. She pointed out
how these principles are interconnected [27]. On the following examples we will try to
illustrate, how selected principles work, how they are applied sometimes in language
subjects as a whole as well as in individual activities.

The Principle of Purposefulness. Teaching is a purposive activity, which requires stating
strategic and partial objectives, explaining them to students and thus motivating them to
reach objectives defined at the beginning of the process. These objectives or targets are
formulated at individual levels of teaching/learning the subject. Firstly, they are formulated
as general targets in the syllabus and then target(s) in individual lessons, which are narrowly
tailored tofit thediscussed topic.Here can be seen thegreat advantage of virtual environment
in which students can approach study material and organizational information anytime and
from anywhere. Proper formulating targets is mastery but the effort pays. Because clearly
formulated targets enable students realize complex of activitieswhich they are required to do
and at the same time they learn what knowledge to gain and practice thinking. Bloom
taxonomy is widely utilized when targets of learning are formulated to explicitly state what
level of competenceswill be aimedat. Figure 1 illustrates targets of the subject formulated in
the syllabus, which is openly accessed in the university study system Stag.
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The same targets are then placed in the e-course accompanying the subject. The
target of the lesson is shown in the Fig. 2. Examples were taken from the compulsory
subject ‘On culture and Literature of Africa and India’ within the Management of
Tourism bachelor study program.

There are two sections in Fig. 2. Beside the main window of the e-course Content
section there can be seen the structure of the course corresponding to the desired faculty
design. There is a faculty policy that the e-courses should have the same structure
consisting of selected basic tools offered by the LMS Blackboard: Study Guide, Content,
Tasks and Tests. This requirement corresponds to the following J.A. Comenius principle,
which is Systematicness.

The principle of steady and systematic approach is a commonly accepted principle
where nobody would believe that it was formulated nearly 400 years ago. The principle
of systematic approach has been discussed in the previous paragraph. It was applied in
the design of the e-course as a whole utilizing defined set of tools which are used in all
other e-courses regardless the study field.

Principle of activeness was also completely breakthrough in Comenius time. The
principle comes from individual activity of a single student, arises cognitive, emotional

Fig. 1. Structure of the lesson with defined objectives

Fig. 2. Structure of the e-course and an entry into the lesson with its targets
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and volitional processes, stimulates interest and motivation, leads towards application
of gained knowledge and to the use of creative approaches in all activities [27].
Comenius ranks Activity in Latin ‘Operatio’ among three important things that are in
every person: ratio – oratio – operatio (thinking – speaking – activity) and all three
should be developed equally [28].

Especially in learning languages, this principle is widely used. Students are moti-
vated to get involved into the teaching/learning process via various tasks preferably
optional ones. It is up to the tutor to raise their interest, develop involvement and give
space to show students´ outcomes, see Fig. 3.

Beside principle of activeness at least two more principles can be shown in this
Fig. 4.: principle of engaging senses into the learning and principle of fun.

Comenius describes school as the ‘workshop of humanity’ where everything should
be taught through the medium of senses. Information technologies enlarged possibil-
ities in using senses in teaching/learning. In the Fig. 3 students are asked to work with
video: to select an appropriate video fitting the studied topic and prepare a brief
introduction to the video in the written form which will be placed into the e-course.
Then they present the introduction with the outline of the video content to the audience
where they also justify their choice and recommend the website with the video, it
means ratio – oratio – operatio. This task is on voluntary base, so there is a willing,
psychological moving moment, which is essential to work with during learning/
teaching process – now we speak about the psychocognitive approach [29].

Principle of fun means that learning must be done in a pleasant form. According to
Comenius, the principles to be adopted in education should be easy and pleasant [28].
Comenius developed the idea to Schola ludus as another didactic invention (School as
Play), which he introduced as a scholar in his stay in Hungary. Visualisation plays
important role. The idea of so-called Homo Ludens is based on the idea that person
develops his skills and possibilities through games, he/she discovers their skills and
develop themselves through them. Learner´s playfulness is at liberty of decision-making
and action and he/she assumes own thinking – all based on the fundamental triad ratio –
oratio – operatio (thinking – speaking – activity). Person develops on the experiences that
connect to those that he/she already own. Schola ludus representing dramatized selected

Fig. 3. Tasks - encouraging activity
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subjects is designed to animate the traditionally passive education by a theatre perfor-
mance. In our example, students are given optional task to play geography games, see
Fig. 4 the bottom section. Students´ task is to do website analysis of selected websites
offering geography games. Within working on the analysis students also play geography
games as a part of the whole task [30]. This way of exploring websites is used in subjects
of Professional English aswell as subjects on Culture andGeography of English speaking
countries. In this example, we can see how principles mingle, e.g.: principle of systematic
approach, because the task is based on a standard method of web analysis, principle of
activeness – it is a facultative task, willingness to study, principle of graduality – because
students can select the level of difficulty in games and of course, principle of fun.

The principle of clearness also works with senses which have to be activated. This
enables students to research the real life as direct opinion, form ideas on their own expe-
rience as indirect opinion and thus continually and simultaneously develop the whole
personality. As gnoseology shows the process of cognition begins with sensory perception
and leads to general thinking and verification of conclusions. In practice this principle is
applied in visual aids, explanatory examples, motoric training, using symbols and schemas,
watching films and last but not least in a clear way of teacher’s explanations. At present the
ICT provide teachers with wide range of technologies suitable for the purpose [27]. In
teaching learning languages the necessity of connection with reality is magnified, students
are motivated and led to use language for real-life purposes, many of them participate in
Erasmus study programmes abroad, use language in theirwork, etc. Students should be able
to work with authentic material; the power of authentic material is that it can help to create
the desired atmosphere to start the lesson, it is ‘piece of reality’ which can shift students
concentration, activate them, make formulate their opinion and respond to other opinions
and ideas. Figure 4 shows instruction in the Discussion section in the e-course for part-time
students, where they are made toworkwith authentic material, select news, place them into
the Forum and during face-to-face present the news and run conversation.

Fig. 4. Students’ work with authentic material
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Up to now, description of Comenius’ principles was predominantly done from the
tutor´s perspective. Students’ language needs analysis is a valuable source of infor-
mation for teachers. We have run a longitudinal survey on utilization of social appli-
cations, language educational portals and current possibilities of virtual learning space
in teaching/learning languages in the university setting for a decade. Needs analysis is a
research tool the survey is based on. Findings from the needs analysis map students
experience with online sources and their perception and potential benefits in mastering
the language. Findings always get reflected in the follow-up step in a slight adaptation
of study material on the virtual platform. Students also formulate their requirements on
educational language sources. On some requirements, Comenius principles can be
seen. Firstly, students highlight the essence of fun – principle of fun, study material
should be presented in a pleasant way, utilizing e.g. games for practising vocabulary
and grammar. Students offered some app, which would make them study without
feeling that they are studying. Currently habit trackers are popular – so it might be one
of solutions. Secondly, students appreciate when study materials in the language
portals, are divided into competence levels – principles of systematicity, appropriate-
ness and graduality. Thirdly, more than half of students required possibility of testing
with a variety of tests and feedback which corresponds to the Comenius principle of
practising memory ‘Repetition is an antidote to forgetting’ [28]. Surprisingly, students
demanded properly worked out grammar with examples in the language portals,
Comenius placed vocabulary before grammar in teaching languages. The parallel with
Comenius is in students’ requirement that vocabulary from everyday life be practiced.
Comenius idea about learning languages was based a bilingual approach. Czech portal
‘Help for English’ is the most favorite language educational portal used by our students
in last 5 years. They find it easy explanations are in Czech language. The second reason
of its popularity is the fact that students used it at the secondary school. Popularity of
applications is increasing, students gave tips which might be roughly divided tips fitting
‘vocabulary’ development: gartic.io, seduo, agendaweb.com, cinema lingua, or
application Memrise, and tips fitting practising ‘grammar’: english grammar in use,
grammarly.com and Czech portal umimeanglicky.cz. examenglish.com.

4 Conclusion

This article tries not to be a systematic study on any of the many facets of Comenius’
massive production. It is just a modest reflection of the Comenius legacy in philosophy,
humanism and pedagogy. We pay tribute to the Comenius, and special thanks go to the
comeniologists who, with tireless vigor, try to bring Comenius legacy closer to the
present world.

Information and communication technologies have become a natural part of our
lives. Learning languages with the support of information and communication tech-
nologies is at this information age natural. Comenius concept of education with its
fundaments is still ‘alive’, applicable and used at our age. All the fundaments are
based on the same principle of natural analogy and embody three common charac-
teristics (triad): (1) Consistency of correlation of things and their names – senses (as
many as possible) must be involved in the process of learning; things themselves must
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be learned together with their names. (2) Appropriateness of phasing and progression
of teaching. (3) Suitability and pleasantness of the teaching method, which is deter-
mined not only by the proper choice of the learning matter, but also by the proper
(nonviolent) methodological treatment of the matter. All that fits current age.

Final paragraph is devoted to Comenius and technologies. Comenius was keenly
interested in scientific development, although he wasn´t able to accept many of
inventions. He was neither an exact scientist nor indigenous mathematician - yet today
we value his ability to warn against abuse of science and its dehumanization [2].

Professor of Palacký University in Olomouc and comeniologist Pavel Floss was
asked in the interview how would Comenius manage todays rush development of
technology, computers and the Internet. His response follows: “Comenius lived in the
beginning of the era of inventions, he was open to the novelties, and was proud that his
century was the century of technology development. But his (Comenius’) sentence is
remarkable: We can gain a lot, but if we expect salvation from science and technology,
we will be like squirrels closed in a cage of our own folly [14].
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Abstract. We propose a blended learning model that will provide evidence-
based medical education and psychological support for families in which a
parent has a serious medical condition. The twelve leading causes of death in the
United States include diseases and injuries with pathophysiological and psy-
chological facets most adults and the vast majority of children do not under-
stand. An intriguing problem in blended learning emerged as we studied how to
create a blended learning environment that could provide families with
evidence-based support for dealing with medical problems. The model we
developed is based on deep knowledge adaptive learning engines to assess both
parents’ and children’s prior knowledge and accuracy of such knowledge as well
as each learner’s readiness to engage in learning, and then to create teaching-
learning-assessment environments tailored to the needs and prior knowledge of
each family member.

Keywords: Patient education � Blended learning � Evidence-based instruction �
Educational technology � Courseware � Adaptive learning engines

1 Introduction

1.1 The Promise and Reality of Blended Learning

Previous impact analyses of healthcare technologies on care planning and delivery
revealed important relationships between the transformation of healthcare and the
transformation of evidence-based practices in patient education [1, 2]. However, a
broad literature and website review convinced us two clusters of factors inhibit
development of educational environments that “really work” to improve patient edu-
cation and, in particular, education of family members in which a parent has a serious
medical condition. The first cluster of factors is a set of knowledge gaps about what
really works in most educational settings, including face-to-face, blended learning, or
totally online learning [1]. Earlier studies revealed at least 10 critical gaps in our
knowledge about how educational environments and materials “really work” to change
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an individual’s learning outcomes and willingness as well as ability to engage in and
sustain healthy behaviors based on what has been learned [1, 3].

Described more completely by Tashiro and colleagues [1], these gaps include our
incomplete knowledge of the following: (1) how educational environments improve
disposition to learn; (2) relationships of learning outcomes to the level of realism and
relevance in an educational environment; (3) how to determine thresholds of learning
experiences that lead to measurable outcomes; (4) how to assess learning to determine
authentic learning outcomes; (5) delineation of cognitive processes and domains being
instantiated and the stability of knowledge retained; (6) what processes improve dis-
position to act on knowledge gained; (7) what processes influence accurate knowledge
transfer; (8) how learning outcomes are developed during the learning process (e.g.,
conceptual and performance competencies); (9) how misconceptions are developed
during and sustained after working within an educational environment; and (10) how
do educator-learner and learner-learner social networks or e-communities impact
learning. These 10 gaps have not been bridged, in part because truly inclusive and
adaptive educational environments have been hard to build and evaluate.

The second cluster of factors are related to availability of patient educational
materials. Studies of healthcare systems in many different countries reveal the eco-
nomic burden of increased incidence of chronic diseases. Yet, many unhealthy
behaviors can be changed, including health risk behaviors that cause a high percentage
of illness, suffering, and early death from chronic disease. Experts have argued
healthcare costs can be lowered substantially if educational outreach reduced health
risk behaviors [1].

However, other complexities evolve when an adult in a family with children has a
serious medical condition. Tan and colleagues argued that models of blended learning
coupled to patient monitoring could be a critical pathway for helping individuals
manage chronic disease or reduce the potential for developing chronic conditions [1, 2].
Patient education, especially if coupled to family education (broadly defined), would
have to integrate ongoing education with remote patient monitoring, but also bridge the
10 knowledge gaps. Many of the problems faced by inclusive family education about
medical issues can be gleaned from a review of studies on the patient portals now
becoming popular in the United States and other countries [4–6]. The impact of disease
on family members also has been studied [7–9].

Yet, the majority of patient portals and websites for healthcare education have
neither adaptive capacities for interactive patient monitoring nor provide sensible
linkages to a healthcare provider who may have recommended a portal for patient
education. We found no adaptive learning sites that provided articulated parent and
child health education. While many health-related websites provide information to help
parents with their own medical conditions, none also provide integrated learning
environments for both parents and children. There are some websites that provide
general strategies an ill-injured parent could use to help their children understand an
adult’s medical issues, but these often are not illness-injury specific [10, 11]. We
concluded that the literature on patient portals and health information sites we have
reviewed cannot address either the barriers presented by the 10 knowledge gaps or the
need for improved parent-child interactions and learning during periods of illness or
injury that impact an entire family.
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1.2 Adaptive Learning for Family Outreach to Improve Health
and Maintain Family Stability

An adaptive teaching-learning-assessment environment could be designed to bridge the
10 knowledge gaps and also engage a patient, significant other, and their children in
learning activities appropriate to their respective needs, prior knowledge, and devel-
opmental stage [1–3]. Such environments would have to engage ill or injured adults
and their families in learning activities appropriate to their respective needs. Three
barriers are immediately obvious. First, an ill or injured adult and family members
would need access to devices (computers, cell phones) and internet connections that
allow affordable, easy, and on-demand access to an online educational program [1, 3–
6]. Second, the majority of adult patients would require a blended learning experience
involving face-to-face time with a skilled healthcare educator who could coach each
adult parent and other family members to find and use the online support, to provide
ongoing support with educational materials, and to provide referral to a technical
support group [2].

Third, and especially in the context of limited time for healthcare providers to
engage ill-injured adult patients let alone other family members, the educational
environments must sensibly provide and integrate six levels of adaptive capacities:
(1) analysis of the end-users internet and device capacities; (2) assessment of the ill or
injured adult’s and adult significant other’s prior knowledge, with subsequent capac-
ities for using such assessments to create educational environments specific to each
individual adult; (3) teaching modules for adults about evidence-based ways to help
their children understand health and wellness, with special foci on the facets of the ill or
injured adult in the family; (4) assessment of the each child’s prior knowledge and
development stage, with subsequent capacities for using such assessments to create
educational environments specific to each individual child; (5) a continuously updated
data analysis engine that creates a record of learning for of both the ill or injured adult
and other family members, with algorithms coupled to provide two feedback systems:
(a) evidence-based input to adults and children, and (b) clinical flags that would alert
healthcare providers of physiological or psychological problems emerging within the
family; and finally, (6) linkages between an ill or injured parent’s health status and a
regional or national database of adults, but also linkages from data analyses of chil-
dren’s understanding of disease and injury to a regional or national database of children
that could be disaggregated by age, gender, ethnicity, and prior knowledge for different
disease-injury conditions of parents (such databases allow ongoing research and
evidence-based system updates).

Tashiro and colleagues [1] concluded that effective patient education should be re-
conceptualized as a type of blended learning. Based on a taxonomy for blended
learning [12], patient education could include a low face-to-face component and a high
online component. However, ongoing monitoring of the patient could be built into an
adaptive teaching-learning-assessment environment that sent a clinical flag to the
patient’s care manager if the patient deviated from a care plan or suffered an exacer-
bation of a chronic illness or an injury. In such cases, the patient would be contacted by

An Adaptive Blended Learning Health Education Model 61



a healthcare provider who could provide support through face-to-face synchronous
online chats, with or without video to help the patient find care for an exacerbation or
re-engage with the care plan. To make the next step for parent-child support, we
conducted a case study to understand critical issues related to parent-child health
education in a family with an ill or injured adult.

2 A Case Study of Factors Shaping Adaptive Blended
Learning Environments for Ill or Injured Adults and Their
Children

The senior author (Tashiro) had been studying models for patient education for the past
decade. Previous studies conducted by other researchers revealed the impact of a
parent’s illness or injury on members of the family [7–9]. In July 2017, an unusual
opportunity emerged. Tashiro’s third child, a daughter then 46 years old, had experi-
enced a suite of medical issues, which appeared to be endocrinological in nature.
However, she (hereafter referred to as Rose) was diagnosed with a benign brain tumor
—in technical terms a right sphenoid wing-cavernous sinus meningioma. Tashiro, a
doctoral-trained nurse, provided ongoing educational support, mostly in the form of
explaining what the physicians were telling Rose and working with her to explore
evidence-based websites that described her condition, its diagnosis, treatment, and
prognosis. Some of the discussion between father and daughter explored how to
explain her condition to her three children, the oldest a young man aged 15 and twin
daughters aged 10 at the time of diagnosis. In brief, Tashiro’s daughter, son-in-law, and
grandchildren were caught in the upheaval faced by many families: a parent has a
medical problem and she as well as her significant others—including children—may
not understand the pathophysiology or psychological stressors of an illness or injury.

Over the course of 18 months, Tashiro closely followed Rose’s progress and
eventual intra-cranial surgery to reduce the size of the meningioma, which had begun to
impinge on the right optic nerve. Anders Hebeler, the junior author and Tashiro’s
grandson, experienced his mother’s condition first-hand within the family dynamic of
an adult with a serious medical condition. We decided to study the family experience.

Methodology. We developed the research from an interview model that is qualitative
and conducted as a reflective ethnographic study of a what a parent and child under-
stood about the mother’s benign brain tumor—a meningioma—and what her son
understood about his mother’s condition, including diagnosis, treatment, prognosis,
and recovery from surgery to reduce the meningioma. This type of ethnographic
research was derived from new models of ethnographic research [9, 13–16], but also
shaped by the methods of filmed interviews collected from diverse people, some of
whom had experienced trauma, for example: (1) the National Public Radio Story Corp;
(2) The Japanese American National Museum’s interviews of people of Japanese
ancestry (most of whom were American citizens) interned in American relocation
centers during World War II; and (3) videotaped interviews of Holocaust victims in the
United States Memorial Holocaust Museum.
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The research model is reflective and ethnographic because Tashiro suggested this
study only after his daughter had fully recovered from intra-cranial surgery and
received a good prognosis. Furthermore, as a nurse and healthcare educator, Tashiro
provided pre- and post-surgical patient education for support of his adult daughter and
her spouse, but not their children. Below, we describe the careful attention to parent-
child interactions and also the method of videotaping. Again, we emphasize that the
patient Rose is the child of the senior author Tashiro and mother of the junior author
Hebeler. Hebeler filmed his mother’s responses to eleven questions:

1. How was your meningioma diagnosed?
2. How would you describe a meningioma?
3. What was your experience with physicians and other health care providers during

the early period of diagnoses?
4. What treatment options were described for you?
5. What prognosis was projected for you?
6. How did you help you children learn about your condition?
7. When you found out surgery was recommended for your meningioma, what did

you decide to tell your children?
8. As a parent preparing to have your surgery, what did you tell your children?
9. How did you prepare your children for their first visit to the ICU after your

surgery?
10. How did you prepare your children for post-operative recovery at home?
11. If you had to start over, what would you have done the same and what would you

have done differently for yourself and for your children?

These 11 questions were developed by the authors based on earlier research studies
[7–9], were based on research related to parent-child interactions during health crises,
and also reflected what Hebeler wanted to know about his mother’s medical condition.
The authors set the order of the questions because they knew the unfolding of Rose’s
condition from diagnosis to recovery from surgery. The interviewer (Hebeler) asked
Rose each of the 11 questions—which we refer to as the “Main Questions.” For each
Main Question, the interviewer allowed Rose to respond, but never prompted or led
Rose in her answers. Once a Main Question had been answered, the interviewer posed
three Follow-up Questions related to the respective Main Question. As with each Main
Question, the interviewer did not offer prompts of any kind, allowing Rose to speak
until she indicated she had answered the respective follow-up question.

Follow-up questions were structured within a KWL Rubric created by the National
Education Association [17]: The K stands for “Know”—What Did You Know? The
W stands for “Want”—What Did You Want to Know? The L stands for “Learned”—
What Have You Learned. These interviews were filmed, with separate videos for each
of the eleven main questions and their respective three Follow-up Questions. The 11
videos were each 10–15 min in length, and each video included responses to a Main
Question as well as responses to the three respective Follow-up Questions.

As an example, consider Question 1: How was your meningioma diagnosed? After
Rose responded, the interviewer asked the three follow-up questions for Question 1 in
the sequence of the KWL Rubric: (1) What did you know about meningioma diag-
nosis? (2) What did you want to know about meningioma diagnosis? And (3) What
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have you learned about meningioma diagnosis? Both authors analyzed the videos using
a data table to take notes on Rose’s responses in the videos. Each table provided data
collection cells for the Main Question and its Follow-up Questions. Notes on the
response to Main Question were recorded in a separate table cell. Then data for each
Follow-up Question were recorded in one of three columns, using the K-W-L rubric:
Column 1—What Did You Know, Column 2—What Did You Want to Know, and
Column 3—What Have You Learned [17]. As mentioned above, the research model
also was derived from research on qualitative interviews and connective ethnography
[9, 15, 16].

During December 2018–January 2019, the video-taped responses of the patient
were analyzed for thematic threads. By “thematic” we mean clusters of related com-
mentary entered by the researchers in the three KWL columns. The cluster analysis
involved identifying themes within each Main Question and its respective Follow-up
Questions, but also across Main Questions and their Follow-up Questions. This
approach allowed generalization of themes across Rose’s retrospective of her lived
experiences from diagnosis through surgery and into post-surgical recovery in the
hospital and at home. This approach is similar to content analysis of text.

Results of Phase 1 Research. While the KWL model has many values, analysis of
themes can be confounded across what a person knows, what that person wants to
know, and what the same person has learned. We discovered eleven distinct themes
within the patient’s responses. These themes are presented in Table 1, and for each we
added interpretive analysis. In subsequent discussion of the themes, we will use the
shorthand convention of K1–K3 for the three themes under “What Do I Know,” W1–
W5 for the five themes under “What Do I Want to Know, and L1–L3 for the themes
under “What Have I Learned.”

3 SIGNAL PATCH—A New Framework for Patient
Education SIGNAL—Serial Integration of Guiding Nodes
for Adaptive Learning

Prior research by Tashiro and colleagues resulted in a research platform called SIG-
NAL—Serial Integration of Guiding Nodes for Adaptive Learning (see references 36–
42 in [1] for technical details). This platform allowed creation of a space-time mapping
of each individual’s conceptual and performance competencies to their decisions
during engagement in educational and knowledge transfer activities [1, 3]. An
assessment system identified misconceptions of each individual as they explored
learning activities within an online or computer-based system. Each misconception
identified could then be mapped to Learning Activities in which an individual engaged.
For the research reported herein, we used the 11 themes of Rose’s responses as a
framework for a Gedanken experiment based on the question, “How can SIGNAL be
modified to provide support for adults with illness of injury who want to help their
children and significant others understand the medical issues and possible disruptions
of family routines?”
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Starting with the design and programming of SIGNAL [1, 3], we knew the
adaptive teaching-learning-assessment system could bridge the 10 knowledge gaps
described earlier. Our Gedanken experiment explored each subsystem of SIGNAL and
studied how each subsystem could be re-designed to address the patient-child educa-
tional themes in Table 1. Since we had already built SIGNAL, the “thinking experi-
ment” involved deciding what modification of each SIGNAL subsystem would be
required to accommodate a blended learning environment used by a healthcare edu-
cator, an ill or injured adult, and that adult’s significant others—including children.
Through several redesigns and modifying SIGNAL subsystem capacities, we were
able to create SIGNAL-PATCH—Serial Integration of Guiding Nodes of Adaptive
Learning for Parents’ and Their Children’s Health.

Previous research examined impacts of illnesses and injuries on family quality of
life [7–11]. Golics and colleagues [8] identified 10 themes across 26 medical specialty
areas that impact quality of life: emotional, daily activities, family relationships, sleep
and health, holidays, support and medical care, work and study, financial concerns,
social life, and activity planning. Golics provides a type of “breadth” analysis, while
the approach taken in our research provides a type of “depth” analysis. In comparison
to the survey methods used by Golic, the videotaping of Rose probed more deeply into
individual experiences and the 11 themes we identified provide key details essential to
developing an adaptive educational and support system. Combining thematic analyses
like Golics [8) with our deeper probe was essential for our Gedanken experiment to
study how to build adaptive teaching-learning-assessment environments for patient
education that is inclusive of the patient but also of other family members.

Figure 1 shows a diagrammatic representation of PATCH as refined from the
earlier SIGNAL system (for technical details see references 36–42 in [1]). The result is
a set of interconnected software engines that monitor educational activities of an ill or
injured adult and a child learner. Below, we describe the components of SIGNAL-
PATCH evolving from our reflective ethnographic study of a parent with a serious
medical issue and her child. For each PATCH subsystem, we note which of the 10 the
knowledge gaps can be bridged by the knowledge engines within the respective sub-
system. Also note that for every subsystem we have listed the themes from Table 1
each subsystem can cover and so provide adaptive support for educational activities of
an ill-injured parent and their significant others in the family—including children.

Subsystems of PATCH shown within Fig. 1:

(1) A parent and child, together or individually, access a Web-based Inclusive-
Adaptive Interface to learn about healthcare issues—for example, a parent’s
medical problems that the child may not understand. Gaps Bridged: 1.
Themes Covered: K1–K3

(2) The Inclusive-Adaptive Interface (IAI) collects data on the learner’s needs
and preferences, creating a Leaner Profile (LP) database that becomes part of
an Electronic Learning Record (ELR). The IAI, LP, and ELR create learning
opportunities to improve both parent’s and child’s disposition to engage in
learning and creating a record of learning activities. Gaps Bridged: 1–10.
Themes Covered: W1–W5.
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Table 1. Extracted themes from structured interviews of a patient with a meningioma.

What Did I Know (K)
K1: Inadequate Knowledge—How to deal with knowing little about a medical 

condition, its diagnosis, treatment, and prognosis, but also about how to 
communicate with the family.

K2: Difficulty Contextualizing Medical Information—How to contextualize 
pathophysiological information and also information about psychology of 
living with an illness or disease?

K3: Anxiety and Fear of Death—How do patients deal with anxieties when
healthcare providers provide too little counseling or referral to psychotherapists 
to help patients understand medical contexts and provide psychological 
support.

What Did I Want to Know (W)
W1: Explanation and Contextualization—How to help a patient (and family) 

understand medical terminology and procedures?
W2: Support of Healthcare Coach—How can contact with patients who had gone 

through the same diagnosis and treatment provide important insights?
W3: Experience and Training of Health Teams—From the early stages of diagnosis 

through surgery and recovery, how does a patient evaluate and work with 
members of the health team?

W4: Explanation of Dangers and Outcomes—The idiosyncratic nature of some 
illnesses and injuries creates difficulties in specifying exact pathways of 
treatment and recovery, so how could a healthcare educator provide specific 
support for an individual patient?

W5: Sharing Information with Family Members—A parent’s illness or injury has
complex impacts on a spouse and children, but how does the patient 
communicate to family members in ways that do not add increased 
psychological stress to family members?

What Did I Learn (L)
L1: Building a Partnership with Health Team Members—How does a patient and 

family build trust in and partnerships with diverse healthcare providers?
L2: Knowledge Gaps—How can educational support reduce patients’ gaps in 

knowledge and reduce differences in what the patient perceived and what 
family members perceived during the various periods of diagnosis, treatment, 
visitation in the hospital, and recovery at home?

L3: Truth Telling and Authenticity—Patients may want to help their children 
understand a medical condition and its treatment, but do not want them to 
become as fearful as the patient may have been during the stages of diagnosis, 
treatment, and recovery for a medical condition. How can a patient be authentic 
with their family and communicate essential information to family members 
without causing them undue psychological stress.
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(3) The LP data stream to a MatchMaker (MM) system that selects an
Instructional Design Template (IDT) based on a theory of cognition and
behavioral change chosen by a healthcare education expert and consistent
with the medical issues of the parent but informed by each learner’s needs
and preferences. These needs and preferences include the learner’s prior
knowledge, their developmental stages (e.g., psychological readiness but
also capabilities for concrete and formal operational reasoning, disposition
to engage in learning, and expectations for as well as value placed on
learning). MM and IDT work together in ways that can improve disposition
to engage in learning as well as disposition to act on knowledge gained.
Gaps Bridged: 1, 2, 3, 6. Themes Covered: K1–K3 and W1–W3.

(4) The MatchMaker engine then reads the metadata from the IDT.
(5) The Assembler Engine (AE) reads the IDT and metadata brought to it by

MM, searches Learning Object Repositories (LOR) to find and collate
learning activities, resources, educational scaffolding, learning assessments,
psychological assessments, and feedback personalized for the learner, and
then organizes the assemblage to create a Web-based personalized teaching-
learning-assessment-diagnostic Educational Environment (EE). AE, IDT,
MM, LOR, and EE work in concert to create teaching-learning-assessment
environments that are responses to data about the individual learner’s

Fig. 1. Diagrammatic representation of the SIGNAL-PATCH environment
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interactions and learning outcomes within the environment created. EE
provides adaptive capacities for monitoring learner outcomes within EE,
with automated adjustments to meet a learner’s preferences to progress
toward achieving learning outcomes. Gaps Bridged: 4–9, and 10. Themes
Covered: W1–W5 and L1–L3.

(6) Learners engage within the EE, and, for some types of blended experiences,
learners also engage in face-to-face interactions—such as a healthcare
educator mentoring as well as parent-child mentoring. This type of adaptive
blended learning environment integrates the most appropriate learning
objects and learning assessment of the learners. Gaps Bridged: 1–3. Themes
Covered: K1–K3 and W1–W5.

(7) Parent and child can be monitored by middleware called Pathfinder (PF) that
follows choices learners make within the Educational Environments and
also times a learner’s engagement in learning activities, resources, assess-
ments, and use of diagnostic feedback. PF contributes information to critical
PATCH subsystems that add individual learner data to the ELR. Gaps
Bridged: 1–10. Themes Covered L1–L3.

(8) Within the face-to-face moments—a healthcare educator can work with and
monitor a learner as they demonstrate learning outcomes or skills. Our
system for this component is a video-capture and analysis system called
MAXIT. MAXIT efficiently collects assessment data on learners’ perfor-
mance competencies. Gaps Bridged: 4–5 and 7–9. Themes Covered: W1–
W5 and L1–L3.

(9) Prior to, simultaneously with, or after learning-demonstration activities,
learners enter an assessment engine called eXAM3, which assesses their
learning outcomes within a cognitive taxonomy selected by a healthcare
team member (e.g., Bloom’s Revised Taxonomy or a skills-based rubric or a
clinical expert panel rubric for a knowledge or skills domain). eXAM3

evolved as an assessment engine with diagnostic feedback capacities,
including assessments of both cognitive and psychological profiles. Gaps
Bridged: 7–9. Themes Covered: L1–L3.

(10) PathFinder, MAXIT, and eXAM3 stream a learner’s data to a data analysis
and knowledge system called DATUMM, which can analyze accuracy of
learners’ knowledge but also assess emotional-psychological profiles.

(11) DATUMM analyzes the data, creates new information about the learner, and
sends information back to the Learner Profile but also to a healthcare edu-
cator assigned to a family. These new data sets integrate into and update the
Learner Profile and healthcare educator databases, with revised data and
information facilitating adaptive changes: (1) to the flow beginning with the
MatchMaker and ending in new configurations of the Educational Envi-
ronment; but also (2) to a clinical flag system to alert the healthcare educator
assigned to the family. Data from the Learner Profile also streams into a
subcomponent—the Electronic Learning Record, through time creating a
longitudinal record of a learner’s progress. DATUMM is most similar to the
analytics engines now used widely in a number of applications. Gaps
Bridged: 1–10. Themes Covered: K1–K3, W1–W5, and L1–L3.
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(12) & (13) DATUMM sends clinical alerts to a healthcare team member if a patient or
family members are not using the educational system or if results of use
suggest errors in patient and family members understanding of critical
medical and psychological issues. Gaps Bridged: 1–10. Themes Covered:
K1–K3, W1–W5, and L1–L3.

3.1 Limitations of the Current Research and Future Work

Our reflective ethnographic study of a family is limited and can be criticized for
possible intrafamilial biases in theme interpretation. However, the data collection did
allow a reasonable start for a Gedanken experiment. We recognize the need to examine
many different families to develop the PATCH system more completely as well as to
validate how and why such a system bridges the 10 knowledge gaps we identified as
well as improving patient-family outcomes in the situation of an ill or injured adult
parent who has children. Future research with PATCH will focus on the psychology of
parent-child interactions during situations when a parent is ill or injured.

4 Conclusions and Recommendations

The research literature provides many theories of cognition and learning as well as
theories of behavioral change [1–3]. We argue that PATCH could be used to test
theoretical frameworks that have been proposed for cognition and learning, for example
contrasting health-related learning outcomes for theories such as Adaptive Character of
Thought, Cognitive Load, Cognitive Flexibility, and Situated Learning theories [1].
Adaptive Character of Thought and Cognitive Load theories cluster into the more
individualistic structured theories of learning. Cognitive Flexibility and Situated
Learning theories fit within what many educators call a constructivist framework [1].
However, theories of learning must be coupled to theories of behavioral change to
understand how individuals learn and then act on what they have learned as evidenced
by intention or direct action to reduce their health and psychological risks [1–3].

Since PATCH has been designed as an adaptive learning environment that will
provide support for parents and children when a parent has an illness or injury, we need
to develop large-scale research that examines which theories of learning and cognition
coupled to which theories of behavioral change will provide the most satisfactory
framework for parent-child support during medical crises for a parent. As we studied
patients, especially when children become involved in learning about a parent’s illness
or injury a single theory of learning and cognition may not work for all parent-child
educational settings. Such a possibility has encouraged us to think about creating new
types of educational environments with administrative dashboards designed to allow
healthcare educators to select a grounded theory most appropriate to a type of adult
medical problem and another more suited to the developmental stage of the children in
the family. Such a dashboard could be used to set PATCH’s Assembler engine to
particular grounded theories, which automatically would configure learning activities,
learning objects, and authentic assessments consistent with the selected theory as well
as with the learner’s prior knowledge and cognitive developmental stage.
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As a closing note, consider that American healthcare insurers often contract with
patient management companies that work directly with insured individuals to improve
their health outcomes and so reduce healthcare costs. Tashiro and colleagues [1] noted
the enormous costs in American healthcare, most of which has been spent on care
related to relatively few chronic illnesses. One model used by these patient manage-
ment companies has been to provide more active support of insured individuals in order
to reduce or modify health risk behaviors by improving healthcare education for all
family members. Systems like PATCH could play important roles in direct blended
learning outreach to insured individuals and their families, providing educational
support for parents and children in ways that reduce risks for chronic illness but also
provide evidence-based support to reduce stressors on an injured or ill parent and
significant others—including children.
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Abstract. This paper presents a comprehensive study of the literature related to
personalised learning in the past decade, summarising how, and in what aspects,
learning has been personalised. The study covers a total of 179 relevant articles
collected from the Web-of-Science and Scopus databases. The results show that,
between 2009–13 and 2014–18, there was a clear upward trend—a 120%
increase in the number of relevant publications over the years. The research and
practice have become more diversified in terms of the target learners, research
issues, and objectives. The means to achieve personalised learning mainly
involve educational technologies, where emerging technologies such as learning
analytics, massive open online courses and augmented/virtual reality have been
increasingly used. The results reveal the areas for further investigation, such as
the challenges arising from the adoption of emerging technology, the aspects of
learning receiving little attention, and the changing role of teachers in the move
to student-centred personalised learning.

Keywords: Personalised learning � Differentiated learning �
Technology-assisted learning � Student-centred

1 Introduction

Personalisation has become emphasised in contemporary education. It is understood as
an umbrella term covering various concepts, such as individualisation, student-
centredness, student agency, learner profiles, and a flexible learning environment [1].
Patrick et al. [2] define personalised learning as “tailoring learning for each student’s
strengths, needs and interests—including enabling students’ voices and choices in
what, how, when and where they learn—to provide flexibility and supports to ensure
mastery of the highest standards possible” (p. 4). This contrasts with the conventional
“one-size-fits-all” education where students receive identical types of instruction,
assignments and assessments without considering their individual differences and
needs.

The past decade has witnessed numerous ways of personalising learning at all
levels of education. Examples range from new teaching and learning approaches, such
as adaptive programmes and flipped classrooms, to various forms of e-learning, such as
massive open online courses (MOOCs) and mobile learning, as well as the use of
learning analytics and educational big data [3, 4]. These approaches give greater
flexibility for learners whose learning activities are tailored for them, regardless of time
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and place. The benefits of personalised learning have been widely reported. For
instance, in a personalised learning programme for K-12 schools in the USA, Educa-
tion Elements [5] showed that the students achieved an average increase of 130% in
reading and 122% in maths in their examination results. Also, the USA’s National
Association of State Boards of Education [6] summarised various findings on student
problems, showing that many of the difficulties in schools—such as student alienation
and high dropout rates—were the consequences of not attending to students’ individual
needs, and inflexible teaching and learning methods. Personalising the learning expe-
rience of each student is then proposed as one of the goals for policy reform in
education.

Despite the wide range of studies in this area, the relevant literature reviews have
only addressed specific aspects of personalised learning. For example, Scott et al. [7]
focused on the use of 3D technologies for creating an adaptive virtual learning envi-
ronment. Berge [8] reviewed the cases on mobile learning for enabling learners to
choose what, how, and where to learn. O’Donnell et al. [9] addressed only the issues
and problems in assessing students’ prior knowledge for tailoring learning contents for
them. Also, Gabarre et al. [10] conducted a critical review on personalised language
learning with mobile devices and social media. The lack of a comprehensive review in
this area poses difficulties in understanding how personalised learning can be achieved
in various forms.

This paper aims to provide a comprehensive review of studies related to person-
alised learning, and summarises the aspects of learning which have been personalised
and the means for achieving them. The following sections first review relevant studies
on this topic, and then describe the methodology and results for the review. Their
implications and potential directions for future studies are also discussed.

2 Literature Review

Relevant studies on personalised learning have addressed a wide range of issues in this
area. Early work, such as Clarke [11], already advocates the need for personalised
learning, stating that school systems which provide undifferentiated education would
undermine the overall performances of students because it neglects the fact that dif-
ferent students learn differently. Chen and Macredie [12] summarised the individual
differences of learners into prior knowledge, cognitive style and gender, for which
appropriate learning methods should be devised.

Personalised learning can be achieved through various means, which commonly
involve technologies. For example, Jewitt et al. [13] proposed a learning platform for
English learning in schools, which allowed students to access a broader range of
learning resources and so enhanced their learning experiences. Kim et al. [14] pre-
sented another e-learning system which implemented real-time interactive video con-
tents and provided learners with useful statistics about their learning progress, in order
to help them to accomplish the learning objectives. Kong and Song [15] reported an
initiative to encourage in-service teachers to bring their own devices as a ‘personalised
learning hub’ for supporting the reflective engagement in a teacher professional
development programme.
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In relation to the effects of personalised learning, Campbell et al. [16] summarised
its benefits as (1) enabling students to set their own targets, (2) allowing them to
understand their progress better via continuous self-assessment for learning, (3) offer-
ing chances to have learning flexibility in terms of time and place, and (4) promoting
students’ self-motivation and self-regulation. In particular, Inayat et al. [17] delivered
vocational training courses in a personalised e-learning environment, which was found
to enhance learners’ experience and learning outcomes. Hopkins et al. [18] showed that
personalised learning could help to maintain connectedness to learning for children
with health conditions during their time in hospital, and thus achieve inclusiveness in
education. Besides the advantages, O’Donnell et al. [19] state that there are also issues,
controversies and problems related to designing personalised learning activities, such
as the limited technological literacy of students or teachers, the privacy issues in
making use of learners’ information, and the difficulties and cost for authoring diverse
materials for personalised learning practices.

The literature on personalised learning reveals the diversity of development in this
area. However, there is a lack of a comprehensive review which summarises the related
work, resulting in difficulty in getting an overview of its current status in research and
practice, as well as trends in publications.

3 Methodology

This study aims to review the publications related to personalised learning. It focuses
on finding out (1) what aspects of learning have been personalised; (2) how learning
has been personalised; and (3) the objectives of personalised learning. Relevant articles
were collected from the Web-of-Science and Scopus for the period 2009–2018, using
the keyword “personalised/personalized learning” for searching. A total of 406 results
were initially found. Articles were excluded if they (1) were not written in English;
(2) were not accessible in full paper form; and (3) did not involve personalised learning
practices. Finally, a total of 179 studies were identified as relevant and were selected
for the review.

The details of the selected articles were then coded and categorised, covering
(a) year of publication; (b) level of education; (c) research issue; (d) means to achieve
personalised learning; (e) aspects of learning being personalised; and (f) the objective
of personalised learning. The information between 2009–13 and 2014–2018 was also
compared in order to identify the trends in personalised learning.

4 Results

4.1 Year of Publication

Figure 1 shows the number of publications related to personalised learning through the
years. There was a general upward trend—a 120% increase in the number of publi-
cations from 2009–13 to 2014–18. Since all the articles collected involved the practice
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of personalised learning, this result indicates that personalised learning has become an
increasingly prevalent topic in research and practice.

4.2 Level of Education

Figure 2 presents the educational levels of the target learners in the studies collected. In
the 2009–13 period, over half of the target participants were from higher education
(56%), followed by primary (31%) and secondary (9%) education. In the 2014–18
period, higher education remained the largest target group, but with a lower proportion
(46%). There was also a drop in the proportion of studies on primary education by
16%, but an increase of 10% in secondary education, as well as a higher proportion in
preschool education, online learning and vocational training. The results indicate that
studies on personalised learning have become more widespread among different edu-
cational levels.

4.3 Research Issues

Figure 3 shows the research issues related to personalised learning for the two periods.
In 2009–13, above half (57%) of the articles addressed the effectiveness issues,

9
5

10

17 15
19 18

21

33 32

0
5

10
15
20
25
30
35

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

N
um

be
r o

f p
ub

lic
at

io
n

Fig. 1. Year of publication

0%

31%

9%

56%

2% 2% 0%
6%

15%
19%

46%

9%
4% 1%

0%
10%
20%
30%
40%
50%
60%

Preschool
education

Primary
education

Secondary
education

Higher
education

Online
learning

Vocational
training

Others

2009-13

2014-18

Fig. 2. Educational levels of target learners

How Learning Has Been Personalised: A Review of Literature from 2009 to 2018 75



followed by the satisfaction of learners (29%) and feasibility (12%) (i.e. whether
personalised learning is compatible with conventional learning approaches). In 2014–
18, effectiveness (50%) and satisfaction (19%) remained the two major research issues,
but feasibility (2%) was not a focus any more. Instead, a greater variety of research
issues were found in the second periods, including engagement, acceptance, learning
outcomes, adaptability, challenges, and motivation for learners. This reflects that a
greater range of research issues in personalised learning was being investigated.

4.4 Means to Achieve Personalised Learning

Figure 4 presents the means to achieve personalised learning in the studies. In the first
period, a higher proportion of studies (32%) involved the development of intelligent
learning systems for experimenting with new technologies (e.g. semantic web) and
coping with learners’ individual characteristics (e.g. cognitive abilities). This was
followed by the use of mobile learning (e.g. supporting context-aware ubiquitous
learning), intelligent tutoring systems (e.g. providing personalised recommendations),
and learning management systems (e.g. integrating adaptive features) (15% for all
three). In the second period, a broader range of means were found—and those which
had emerged or become more popular in this period included learning analytics,
MOOC, a flexible curriculum and instructional design, individual education plans,
flipped classrooms and augmented/virtual reality. There were also other initiatives
(4%), including the provision of academic advisory services, and the use of digital
storytelling, geospatial technology, and speech recognition technology.
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4.5 Aspects of Personalised Learning

Figure 5 illustrates the aspects of learning which were personalised in the studies. The
results for the two periods were similar. Learningmethodsweremost frequently addressed,
accounting for about half of the studies in each period. This was followed by learning
materials, including the provision of materials catering for learners’ needs and allowing
learners to have flexibility in accessing their preferred materials. The time and places for
learning, as well as teaching methods, were also the foci in some studies, with time for
learning more frequently addressed in the second period. In addition, there were other
aspects of personalisation, such as assessment methods and academic support for learners.
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4.6 Objectives of Personalised Learning

Figure 6 depicts the objectives of personalised learning as shown in the studies. For
both periods, the largest proportion of studies (23% and 31%, respectively) were
concerned with whether personalised learning could increase learning effectiveness,
which is normally represented by a learner’s academic performance. This was followed
by the objectives of providing learners with a personalised learning path, and
enhancing their learning motivation, learning outcomes, learning experience, and
learning satisfaction. In the second period, there were also some studies with objectives
from the teachers’ perspective, such as predicting learners’ learning outcomes as well
as improving instructional practice and teaching performance.

5 Discussion

The findings of this study provide a comprehensive overview of the literature related to
personalised learning in the past decade, showing how learning has been personalised
in various studies. As a general trend, the studies revealed that personalised learning
had become more widespread in terms of both research and practice.

Despite the fact that most of the studies reviewed were conducted in the higher
education sector, there was a trend for other education sectors—ranging from preschool
to secondary education, as well as online learning and vocational training—to be
receiving increasing attention. Patrick et al. [2] interpret this as being due to the
common efforts by the sectors to facilitate learners’ success through addressing their
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individual differences and needs, and to capitalise on the latest technological advances
for achieving this goal. Following the prevalence of personalised learning in research
and practice, the focus of the literature has shifted from mainly examining the effec-
tiveness of various ways to achieve personalised learning and learners’ satisfaction with
them to a wider range of issues related to their implementation, such as learners’
acceptance, adaptability and challenges.

The various means for achieving personalised learning indicate that the concep-
tualisation of personalised learning—as an umbrella term overlapping with other
education concepts, such as differentiated instruction and learning analytics—can be
played out in a myriad of ways [1]. The means are not limited to technologies, but also
cover flexibility in curriculum and instructional design, as well as individual goal-
setting for learners. The recent studies further demonstrate the potential of emerging
technologies for personalising learning, as shown by the increasing use of learning
analytics, MOOCs and augmented/virtual reality. However, while recent work has
started to address the research issues related to the challenges for personalised learning,
the difficulties related to the use of emerging technologies in personalised learning
practices have yet to be widely examined [20–22]. For example, Gašević et al. [23]
point out the critical challenges for learning analytics to make a long-term impact on
the practice of learning and teaching—such as the data limitations and lack of a data-
informed decision-making culture, which may also hinder its effective use for per-
sonalised learning. Future studies should address this gap so that the potential of the
latest technologies can be fully exploited for achieving personalised learning.

The aspects of learning being personalised in previous studies focus mainly on
learning methods and materials. The relevant learning methods have commonly
involved the application of personalisation strategies in a conventional classroom
setting, student-centred activities, and the use of technology for planning, instruction,
assessment and record-keeping [24]. The aspect of learning materials was related to
their provision, recommendation and access for individual students based on their
profiles [25]. However, other aspects, such as the time and place for learning, have
been studied less, and the diverse needs of learners on these aspects might have been
neglected [26]. The results suggest that, for a more balanced development, future
studies should pay more attention to the aspects of learning which have received less
consideration to date.

The wide range of objectives of personalised learning shown in the previous studies
suggest different ways for attaining its benefits for learners and teachers. Other than
increasing learning effectiveness, as a major objective found in the studies, most of the
other objectives were usually related to learners, such as learning motivation, experi-
ence, satisfaction, engagement, and interest. Those related to teachers, such as
improving instructional practice and teaching performance, have been covered only in a
few studies in recent years. In particular, while personalised learning emphasises
student-centredness to respond to students’ individual needs and interests, and gives
them more control over their own learning, the roles of educators and students in the
learning and teaching process are also reshaped [2]. How educators have transformed
themselves for offering personalised support for students should receive more con-
sideration in future studies.
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6 Conclusion

This paper has presented a comprehensive review of studies related to personalised
learning in the past decade. The results highlight a growing interest in this area from the
field, as well as a broadening focus on its research and practice in terms of the range of
educational levels, research issues, and objectives. They also show how, and in what
aspects, personalised learning has been achieved. Most of the means for achieving
personalised learning involve the use of technology, including particularly the latest
technologies, such as learning analytics, MOOCs and augmented/virtual reality which
have emerged in recent years.

The results contribute to revealing the latest development in personalised learning
and the research directions which are worth further investigation. First, the increasing
adoption of emerging technologies, besides allowing more possibilities for personal-
ising learning, also leads to the challenges arising from the technologies themselves
that need to be tackled. Second, the aspects of learning other than learning methods and
materials, such as the time and place for learning, should receive more attention.
Finally, the perspective of teachers, in particular their changing role in the trend to
student-centred personalised learning, has yet to be adequately addressed. Future work
on these research directions will help to realise the potential of personalised learning in
diverse educational contexts.
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Abstract. Vocabulary learning is the foundation of language acquisition for
second language learners. To assist language learners’ vocabulary learning, this
research investigated a personalized task recommendation system based on
readability and diversity. A word learning theory, the involvement load
hypothesis, has also been applied as the theoretical framework of the system to
facilitate task recommendation. Ten Chinese learners of English were invited to
participate in the research and used the system for vocabulary learning for
around two weeks. These students were all intermediate learners. The partici-
pants’ learning experience, outcomes, motivation and attitude were measured
respectively using questionnaires, pretests, posttests, and interviews. The results
showed that the participants were very satisfied with the learning experience,
and positive learning outcomes and attitudes were observed. Many students
stated that they would love to keep using the proposed recommendation system
for future language learning. It is also suggested that the wide use of this system
will benefit many self-access language learners.

Keywords: Personalized learning �Word learning � Recommendation system �
Diversity � Readability

1 Introduction

The rapid growth of Web resources in recent years has provided new learning methods
and opportunities (e.g., learning applications for mobile phones, massive open online
courses [MOOCs] and augmented reality or virtual reality) for language learners. Self-
access learners can acquire desired knowledge and skills at their own pace using the
extensive collection of learning resources on the Web. However, learners are easily
distracted due to information overload in the era of big data (Bawden and Robinson
2009). For example, high drop-out rates are always observed in MOOC platforms for
self-paced learners (Perna et al. 2014). According to Nielson (2011), only 7 out of 176
participants used their developed computer-assisted language-learning system named
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Auralog for more than 25 h. To address this problem, computational personalized
models have been proposed and widely adopted in e-learning systems (Chen 2008;
Chen and Chung 2008; Hwang et al. 2010; Hwang et al. 2012; Zou et al. 2014;
Brusilovsky et al. 2016; Xie et al. 2016a, b and 2017a, b). Computational personalized
models can cater to individual learning needs and only provide necessary learning
resources according to personalized learning objectives.

This research aims to integrate personalized techniques in the field of computer
science to a set of developed learning tasks in the field of vocabulary learning in a
recommendation system. Rather than focusing on offering different learning sequences
of target words to learners in extant studies related to computer-assisted vocabulary
learning (Chen and Chung 2008; Chen and Li 2010; Huang et al. 2012; Golonka et al.
2014; Huang and Chiu 2015; Tsai et al. 2016), the research focused on personalized
vocabulary learning and were guided by a linguistic learning theory called “involve-
ment load hypothesis (hereafter, ILH)” (Laufer and Hulstijn 2001).

Specifically, two personalized strategies, diversity and readability which are cor-
responded to the cognitive dimension and motivational dimension of the ILH, were
integrated into the proposed vocabulary learning systems. Diversity refers to suggest
more diverse learning tasks to the learner. The purpose of diversity is to train various
aspects of word usage by recommending various types of learning tasks according to
the cognitive load distributions of learners. For example, a learner who has taken too
many cloze-exercises recently will be suggested to take other types like inferencing so
that the learner will be trained in both “search” and “evaluation” components of word
usage according to involvement load hypothesis (Laufer and Hulstijn 2001; Zou 2017).
The readability refers to provide more readable contexts to a specific learner. The
objective of readability is to support self-paced vocabulary learning and increase the
motivational loads by offering learning tasks with readable contexts. For example, a
learner who is familiar with computer science articles according to his/her learning
history will be recommended to take the task contexts related to computer science. In
this way, the self-paced vocabulary learning will be supported with task containing
preferred topics, which may further increase the motivational loads (i.e., from moderate
to strong in the need component) according to the involvement load hypothesis (Laufer
and Hulstijn 2001; Lee and Pulido 2017).

Furthermore, there have been several studies to support and verify the effectiveness
of employment of diversity and readability in learning. Readability and diversity have
been found by numerous studies on both e-learning and vocabulary acquisitions to be
effective personalized strategies in facilitating vocabulary learning. Specifically, Lee
and Pulido (2017) found that tasks with familiar contexts or interesting topics to
learners will facilitate vocabulary learning. Kim and Tracy-Ventura (2013) argued that
the repetition of the same type of learning tasks will reduce learning interest and fail to
assist learners in processing a word in a new context. Furthermore, the integration of
readability and diversity into a personalized learning system can improve word-
learning retention rate and increase learning motivation, as shown in our earlier study
(Zou et al. 2014; Xie et al. 2016a, b). This is innovative research on personalized
language learning as it was guided by the linguistic theory, ILH, for task
recommendations.
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2 Literature Review

2.1 Personalized Techniques

Personalized techniques are crucial tools to address information overload in the era of
big data. Jeh and Widom (2003) presented graph-theoretical results, and proposed a
technique based on these results, that encodes personalized views as partial vectors
which enable search engines to add bias importance scores according to a user-
specified set of initially interesting pages. Speretta and Gauch (2005) explored the use
of a less-invasive means of gathering user information for personalized search by
building user profiles based on activities at the search site itself and studying the use of
these profiles to provide personalized search results. Dou et al. (2007) presented a
large-scale evaluation framework for personalized search based on query logs, and then
evaluated five personalized search strategies (including two click-based and three
profile-based ones) using a 12-day MSN query log.

Xie et al. (2012) introduced the concept of user communities in social media
platforms and presented a personalized view for the resources to accurately access
information. Kumar and Sharan (2014) proposed a framework for constructing an
enhanced user profile by using user’s browsing history and enriching it using domain
knowledge which can be used to improve the performance of personalized Web search.
Wang et al. (2016) proposed a preference recommendation scheme to complement a
user’s concept map to improve the accuracy of the personalized search.

Aside from the aforementioned computational models, personalized e-learning
systems have also been developed. For example, Chen (2008) assessed a genetic-based
personalized e-learning system that can generate appropriate learning paths according
to the incorrect testing responses of an individual learner in a pre-test. The idea has
been adopted in a mobile vocabulary learning system for personalization based on
item–response theory (Chen and Chung 2008). Chen and Li (2010) proposed a per-
sonalized vocabulary learning system to be used in the school setting. Huang et al.
(2010) developed a ubiquitous English vocabulary-learning system to assist students in
experiencing a systematic vocabulary learning process in which ubiquitous technology
is used to develop the system, and video clips are used as the material. Golonka et al.
(2014) reviewed various technology-enhanced language-learning systems developed in
recent years. In our previous studies (Zou et al. 2014, 2017; Xie et al. 2016a, b), several
personalized strategies, including readability and diversity, are compared with non-
personalized vocabulary-learning systems and were found to be effective.

2.2 Vocabulary Acquisition

Research on vocabulary acquisition mainly covers two areas: word knowledge and
vocabulary learning. Topics in word knowledge involve numerous issues related to
words, such as what different types of knowledge word knowledge entail and how
one’s word knowledge can be measured, whereas topics in vocabulary learning
emphasize on questions, such as how various aspects of word knowledge can be
effectively acquired, what aspects are generally easier to acquire and why.
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Word Knowledge. Researchers in vocabulary acquisition generally agree that word.
Knowledge is a continuum of one unique system composed of receptive and productive
knowledge (Crow 1986; Webb 2005). For the measurement of word knowledge,
researchers argued that distinction should be made between the breadth and depth of
word knowledge (Read and Chapelle 2004; Nassaji 2006). The breadth dimension, also
referred to as vocabulary size, refers to the number of words that learners know at a
particular level of language proficiency (Horwitz 1988). A typical method for mea-
suring breadth is the vocabulary-level test (Read 2007). The depth dimension, on the
other hand, represents the quality of words known by a learner (Schmitt 2008). Some
evaluation methods have been devised to measure the depth of word knowledge, such
as word association test (Bahar and Hansell 2000) and lexical frequency profile (Laufer
and Nation 1995).

Vocabulary Learning. Vocabulary learning is a cumulative process with an incre-
mental nature (Fraser 1999). Two main kinds of taxonomies are used to classify
different types of vocabulary learning: implicit and explicit, incidental and intentional
(Laufer and Hulstijn 2001; Schmitt 2008). According to Laufer and Hulstijn (2001), the
recognition and production of vocabulary learning mainly involve implicit learning,
while mediation and meaning involve an explicit process. However, finding a situation
in which only one type of learning is engaged is challenging (Reber 1989). Another
theory demarcates vocabulary learning with the intention to ensure that a distinction is
made between incidental learning and intentional learning. Intentional learning is
primarily intended to deliberately commit word knowledge in mind, while incidental
learning is intended to place the attention in another place and learn them indirectly.
A typical example of an incidental vocabulary learning activity is that students read and
negotiate the meaning of a word (Newton 2001). These theories and findings are
critical to developing vocabulary-learning systems for language learners.

3 Method

3.1 Personalized Framework Construction

The personalized framework was adopted from our previous study on a personalized
vocabulary-learning system (Zou et al. 2014). Generally, the personalized framework
was developed based on the relationships among learners, tasks and words. As shown
in Fig. 1, the relationships of these three parties were essentially in a hierarchical
structure. Each learner had learned several learning tasks, and each task contained
many target words within a task. Furthermore, one target word may be included in
multiple learning tasks. The core of the personalized framework was the learner model,
which consisted of three categories of data:

Historical Learning Tasks. The category of data was the set of all tasks that had been
learned by the user. The timestamp and post-test results of each historical task had been
recorded. The data were kept for the understanding of the workload and knowledge of
all target words of each learner.
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Task Type Preferences. The task type preferences estimated the degree of preferences
for a learner to a specific task type. The preference degrees based on the assumption
that learners were preferable to the task types that had not been encountered in his/her
recent learning.

Word-Knowledge Degrees. Word-knowledge degrees were the data on the degrees of
word knowledge which were measured by the involvement load hypothesis and
learning performance.

3.2 Learning Task Development

Two principles were adopted for the development of learning tasks. Firstly, the
workload of each learning task ought to be relatively small to ensure that the learner
can complete the task within 10 min. Secondly, the learning tasks ought to have
different working loads distributed in all three components (i.e., search, evaluation and

Fig. 1. The relationships among learners, tasks and words (Zou et al. 2014)
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need) of the involvement load hypothesis. Specifically, the following tasks were
developed for the project:

Cloze Exercises. The learner is given an excerpt of an article and must identify the
correct word choice to fill the blank in the article.

Sentence Writing. The learner is to use the target word to create an original context
surrounding the word.

Reading Comprehension and Dictionary Consultation. The learner is provided with
a short paragraph of an article and required to consult the e-dictionary for target words.

Reading Comprehension and Inferencing. The learner is provided with the same
excerpt of an article and required to write the semantic meaning of target words.

In the personalized learning process, the learners were recommended to do some
learning tasks. As mentioned, personalized learning followed two strategies: (i) read-
ability (e.g., a learner who was familiar with computer science articles according to
his/her learning history would be recommended to take on computer science-related
tasks) and (ii) diversity (e.g., a learner who had recently taken too many cloze exercises
would be advised to take other types of tests, such as inferencing exercises).

Furthermore, these tasks had been investigated in our previous studies (Zou 2016,
2017) and found to be effective in covering different components in the involvement
load hypothesis, as shown in Table 1.

3.3 Recommendations Based on Readability and Diversity

The main objective of recommendation in the vocabulary learning system was to
suggest learning tasks to learners to facilitate their self-paced vocabulary learning. To
increase the learning motivation, two factors, namely, readability and diversity, were
considered.

Diversity. Diversity refers to suggest more diverse learning tasks to the learner. The
purpose of diversity was to train various aspects of word usage by recommending
various types of learning tasks according to the cognitive load distributions of learners.

Table 1. Dimensions, components and degrees in ILH (Zou et al. 2014)

Search Evaluation Need

None
p p p

Moderate
p p p

Strong –
p p

No. of levels 2 3 3
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For example, a learner who had taken too many cloze-exercises recently would be
suggested to take other types like inferencing so that the learner can be trained in both
“search” and “evaluation” components of word usage according to the ILH. In other
words, the task type should be different from recent learning tasks taken by the learner
(Xie et al., 2016a, b). This strategy has been theoretically supported by a linguistic
study (Kim and Tracy-Ventura 2013) which argued that the repetition of the same type
of learning tasks would reduce the learning interest and fail to assist learners in pro-
cessing a word in a new context. Formally, diversity can be interpreted as selecting
tasks which had the maximal overall dissimilarity with the learner’s recent learning
tasks.

t00 ¼ arg maxt2Tð
X

ti2Ti dis t; tið ÞÞ ð1Þ

In Eq. (2), t and T are defined as above, ti is a recent learning task, Ti is a set of
recent learning tasks in the learner’s profile as defined in Eq. (2) and dis(t,ti) is the
degree of the task type dissimilarity between two tasks. The aim of argmax function is
to select the task t′′ with the maximal overall dissimilarity.

Readability. Readability refers to provide more readable contexts to a specific learner.
The objective of readability was to support self-paced vocabulary learning and increase
the motivational loads by offering learning tasks with readable contexts. For example, a
learner who was familiar with computer science articles according to his/her learning
history would be recommended to take the task contexts related to computer science. In
this way, the self-paced vocabulary learning would be supported with tasks containing
preferred topics, which may further increase the motivational loads (i.e., from moderate
to strong in the need component) according to the ILH (Laufer and Hulstijn 2001; Lee
and Pulido 2017). The assumption is that learning motivation would be increased if the
learner has extensively read the learning context (Xie et al. 2016a, b). This assumption
has been supported by a recent linguistic study (Lee & Pulido) which investigated the
effect of readability. Formally, readability is expressed by the following mathematical
measurement:

read C; Lð Þ ¼ C � L
Cj j �j j Lj jj j ð2Þ

In this equation, C is a word vector of context, and L is the word-knowledge vector
of a learner. A high value of reading indicates high readability. The recommendation
algorithm would select tasks with high readability.

The recommendation algorithm was a content-based approach which aimed to
identify the most similar/nearest items based on the learner personalized model. The
content-based approach, which only required a short period of user interaction with
systems, would be more robust to the data sparsity problem than collaborative filtering
recommendations. Table 2 presents the detailed steps of the recommendation algo-
rithm. The core idea was to recommend a learning task to optimize both readability and
diversity based on the learning logs of the learner.
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3.4 Experimental Verification

The task was to design experimental processes to verify the effectiveness of the pro-
posed system for vocabulary learning. The evaluation processes involved two stages.

Preliminary Stage. The preliminary stage had two steps. Firstly, the invited subjects
(university graduates) took traditional instructions in an online English course to ensure
that the learner could review skills and basic knowledge of vocabulary learning.
Secondly, an online training workshop was organized to demonstrate how the system
was used. This stage aimed to verify whether all participants had common knowledge
of vocabulary learning skills and system usage.

Learning Stage. The learning stage can be divided into three steps: (a) pre-tests and
pre-questionnaires, (b) vocabulary learning via the system, and (c) post-tests and post-
questionnaires. The first step aimed to examine the proficiency of the participants. The
duration of this step was approximately two weeks. The final step was to conduct a
post-test and post-questionnaire. The word knowledge and retention rate were exam-
ined to verify the proposed system.

3.5 Participant Recruitment and Assignment

10 Chinese learners of English were invited to participate in the experiments of this
project.

• Language proficiency. The participants were all intermediate English learners.
• Disciplines. The participants were from different disciplines (e.g., science, arts,

engineering, social science).
• Demographic features. The participants aged between 18 and 21. The numbers of

male and female learners were equal.

Table 2. Learning task recommendation algorithm
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4 Results and Conclusion

The results showed that the students had a very positive attitude toward this word
learning system and considered it “motivative and effective”. All participants reported
that their learning experience was very satisfactory, and they were interested in the
recommended tasks. Concerning the learning outcomes of the learners, the posttest
scores indicated that most learners benefited much from the learning experience. Many
participants felt excited that the system could recommend tasks that they tended to enjoy
learning based on their learning history and personal preferences. One student com-
mented in the post-interview that “I’m surprised about how smart the system is”. Around
90% of the participants agreed that it was effective to learn target words through doing
different word learning tasks, as diverse tasks focus on different aspects of word
knowledge, and doing various tasks assisted them in learning various knowledge
aspects. Participants also felt the interface user-friendly and the system easy-to-use.

Generally, 9 out of 10 participants stated that they would love to keep learning with
this system, as they believed that the system could help them improve their English
language proficiency. One student reported that “this system is very useful for self-
access learners who cannot seek help from teachers anytime; if the system can be
widely applied, a large number of students would be able to successfully improve their
language learning effectiveness and efficiency”.

This research investigated a personalized word learning system which recom-
mended vocabulary learning tasks under the guidance of the ILH. The results showed
that the participants were very satisfied with the learning experience, and positive
learning outcomes and attitudes were observed. This research is limited in that only a
small number of students participated in the research, and future studies may involve a
larger sample size so that the research findings can be better generalized.
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Abstract. Experiential learning is one of the most widely applied learning
theories for virtual reality enabled learning, because virtual reality environment,
especially immersive virtual reality environment, allows learners to actively
experiment and reflectively observe in a safe and authentic environment. Our
previous studies have shown that experiential learning could also be applied
within a virtual reality learning environment for children with autism spectrum
disorder (ASD) in various learning domains. However, there is a lack of in-
depth discussion on how to systematically design, engineer and evaluate virtual
reality enabled experiential learning activities for children with ASD and other
complications (e.g., anxiety disorder, attention deficit hyperactivity disorder
(ADHD), etc.). In this paper, we share our experience on applying experiential
learning theory on the design of social competence learning in the immersive
virtual reality environment for the children ASD, in order to address two fun-
damental questions. First, how different immersive virtual reality environments,
such as the CAVE and head-mounted displays, affect the design of the virtual
reality learning scenarios. Second, how the virtual reality learning contents can
be designed to facilitate experiential learning in an immersive virtual reality
environment for the ASD population. Our small-scale study shows that children
with ASD often need facilitation during experiential learning in the immersive
virtual reality environment and our design of providing in-VR facilitation can
meet their learning needs.

Keywords: Experiential learning � Virtual reality � Autism spectrum disorder

1 Introduction

Kolb’s experiential learning model (ELM) is typically represented as an iterative four-
step learning cycle [1]. The four steps are concrete experience, reflective observation,
abstract conceptualization, and active experimentation. The basic idea of ELM is to
provide a learning environment in which learners can actively experiment and test
hypothesis which is usually conceptualized from the learners’ previous experiences,
resulting new experiences and knowledge for new situations. Interactive media tech-
nologies, such as immersive virtual reality environments, can provide a safe and
authentic environment for experiential learning [2]. Previous studies show that ELM is
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one of the most important theories guiding technology enabled learning activities in
various fields, ranging from mainstream education to professional/vocational training
[3, 4]. Moreover, our previous studies have also shown that experiential learning in
immersive virtual reality environments, such as the Cave Automatic Virtual Environ-
ment (CAVE), could improve social competences of children with autism spectrum
disorder [5, 6]. However, there is a lack of in-depth discussion on how to systematically
design and engineer virtual reality enabled experiential learning for children with ASD
and other complications (e.g., anxiety disorder, attention deficit hyperactivity disorder
(ADHD), etc.). In this paper, we will address two fundamental questions regarding the
use of virtual reality technologies to help learning for children with ASD. First, how
different immersive virtual reality environments, such as the CAVE and head-mounted
displays, affect the design of the virtual reality learning scenarios. Second, how the
virtual reality learning contents can be designed to facilitate experiential learning in the
immersive virtual reality environment for the ASD population. Our small-scale trial
shows that children with ASD often need facilitation during experiential learning in the
immersive virtual reality environment and our design of providing in-VR facilitation
can meet their learning needs. This paper is organized as follow. In Sect. 2, we review
the related studies covering the experiential learning theories, virtual reality enabled
learning and the empirical studies on virtual reality enabled learning which adopted the
experiential learning theories. In Sect. 3, we propose our design of the virtual reality
enabled experiential learning for children with ASD and why the virtual reality learning
scenarios are designed in the proposed way. We also compare how different immersive
virtual reality environments affect the design of the learning scenarios. Section 4 will
present the case study findings of the small-scale trial. The paper is concluded in
Sect. 5, with our plan for future works.

2 Related Work

2.1 Experiential Learning

The concept of experiential learning, as proposed by Kolb, is formed around the
iterative learning cycle consisting four steps, namely concrete experience, reflective
observation, abstract conceptualization, and active experimentation [1, 7]. The cycle
begins with concrete experience, which is usually yield from actively experiencing and
thinking of learners in the given situation. Following concrete experience, reflective
observation emphases the analysis and discussion of the observed outcomes of the
experiencing. In the third step, abstract conceptualization, the learners are expected to
understand the situations and propose the hypothesis. Finally, learners are expected to
test the hypothesis by actively experimenting in new situations, resulting the articu-
lation of new knowledge and the development of new skills. Although there are crit-
icisms of the Kolb’s model claiming that learning may not necessarily take place in a
sequential fashion [8], we see more and more studies that apply the model in a broad
range of fields and settings ever since Svinicki and Dixon recommended the model as a
framework for designing classroom activities [9]. Specifically, experiential learning
enabled by interactive media technologies such as games and immersive virtual reality
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environments, is becoming increasingly popular as the technologies develop. For
example, Jarmon et al. used the Second Life multi-user virtual world and designed the
learning activities by applying experiential learning theories to teach graduate students
interdisciplinary communication [10]. The results demonstrated the effectiveness of
using multi-user virtual world as a platform for the delivery of project-based experi-
ential learning. Le, Pedro and Park designed an online social virtual reality system as a
platform for the construction safety education by applying experiential learning theo-
ries [11]. The study indicated that the social virtual reality system is useful in
improving safety experiential learning of the workers’ identification of safety risks and
general risk awareness. Sung et al. applied Kolb’s model on the design of an experi-
ential game-based learning approach [12]. Results showed that the proposed approach
is effective in terms of enhancing the students’ learning motivation, deep learning
strategy and acceptance of the technology. All these studies share the same advantage
of interactive media technologies, which is the ability of creating authentic and safe
environments where learners are allowed to actively experiment, observe and receive
real-time feedbacks.

2.2 Immersive Virtual Reality Environment

There are various immersive virtual reality environments for delivering virtual reality
learning contents. Modern immersive virtual reality environments can be categories as
the projection-based installations, such as the Cave Automatic Virtual Environment
(CAVE) [13], and the head-mounted displays (HMDs). Projection-based installations,
as the name suggests, usually have a number of projection walls arranged in a way to
form an immersive environment. For most of such installations, motion trackers are
used to track the viewer’s head and or body gestures, enabling real-time perspective
simulation and interactions. The advantage of using projection-based installations is
that they allow multiple users to share the same physical environment. This is par-
ticularly interesting for the delivery of virtual reality learning contents since it allows
educators to provide facilitation when needed while keeping the learners engaged in the
immersive virtual reality environment. The major drawbacks of projection-based
immersive virtual reality environments are the technical complexity and the very
specified and demanding venue requirements, making the use of such installations for
educational purposes on a large-scale infeasible [14]. On the other hand, the new
generation of the head-mounted displays, especially the commercially available models
such as the Oculus Rift and HTC VIVE, can provide an even more immersive expe-
rience while keeping the technical complexity transparent to the end users. Moreover,
HMDs are more portable and require much less space to set up, making the use of
HMDs for educational purposes on a large-scale much more feasible than the use of
projection-based immersive virtual reality environments. However, when wearing the
HMDs, the viewers’ vision is totally isolated from the real surroundings, raising
concerns on the use of HMDs on the ASD population [15]. More recent studies show
that when wearing the HMDs, people with ASD can comprehend the virtual reality
contents well and are able to interact with the virtual objects, avatars and scenes in the
designated ways [16]. Li, Yuan and Ip also conducted a research study that focuses on
the use of the off-the-shelf HMDs, Oculus Rift headset with the Oculus Touch
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controllers in this case, for delivering learning contents for young children with ASD
[17]. The results were encouraging, but it was also pointed out that the learning
contents needed to be further adapted for the HMD immersive virtual reality envi-
ronment not only in the ways of interacting with the learning content, but also the
pedagogical design. In a short conclusion, the use of HMDs on the ASD population for
educational purposes seems to be feasible and more practical when being compared
with the use of projection-based immersive virtual reality environments such as the
CAVE, however, the virtual reality contents need to be adapted appropriately which is
yet to be explored.

2.3 Virtual Reality Enabled Learning for ASD Population

Previous studies show that virtual reality is believed to be an effective tool for various
domains of learning on the ASD population. Among all these domains, social com-
petence training is one of the mostly addressed domains [5, 6, 18, 19], due to the fact
that social competence training is extremely crucial to help children with ASD better
participate in the community [20]. Previous studies have found that by employing
virtual reality technologies, the highly interactive and vivid virtual scenes delivered in
an immersive virtual reality environment (e.g., the CAVE), can provide an authentic
place where the children can practice their social skills without worrying about
potential hazard and or unnecessary embarrassment in the real world [3]. The
employment of virtual reality technologies on the ASD population can be traced back
to the 1990s. Strickland et al. conducted an exploratory study in 1996 regarding the use
of virtual reality technologies as a tool for children with ASD [15]. Despite of the poor
ergonomics of the early generation of the HMDs, the two participants could accept the
device with little assistance; and more importantly, they were able to comprehend the
virtual reality scenes presented to them. Followings this study, we see a great number
of empirical studies that use various types of immersive virtual reality environments to
deliver learning contents for the children with ASD. Among these studies, the study
conducted by Ip et al. adopting the randomized two group experiment design is the
largest, in terms of the number of subjects [6]. A total number of 94 children with
clinical diagnosis of ASD participated the study. As demonstrated by the standardized
test results, the 14-week training, covering 6 different virtual reality learning scenarios
delivered in the CAVE immersive virtual reality environment, enhanced the children’s
emotion expression and regulation, and social interactions. As the development of
virtual reality and relevant technologies, the latest generation off-the-shelf HMDs have
much better ergonomics and a personal computer even a laptop is now powerful
enough to drive these HMDs and render high resolution virtual scenes at high refresh
rate, making it possible to deliver virtual reality learning contents to the children with
ASD on large scale. We have seen a few piloting studies on this [16, 17]. However, the
effectiveness of the content design as well as the pedagogical design are yet to be
systematically study and evaluated.
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3 Method

3.1 Design Framework and Virtual Reality Learning Scenarios

The objective of the proposed design framework (see Fig. 1), which is based on Kolb’s
experiential learning model (ELM), is to provide necessary facilitation inside the
immersive virtual reality environment to the children with ASD during learning so that
the learning could take place smoothly and the intended learning outcomes could be
achieved effectively. Specifically, two types of learning contents were designed to help
achieve the designated objective, namely interactive social stories and social incident
experiencing. An interactive social story usually consists of a group of illustrations
telling a social story and/or teaching social norms; the children were expected to
understand the situation and respond in a socially appropriate way in-VR by tapping
the rating buttons (see Fig. 2). The social incident experiencing takes place in virtual
reality learning scenarios, which were adapted from our previous studies using the
CAVE immersive virtual reality environment [5, 6]; the children would experience pre-
plotted social incidents from a first-person perspective in the immersive virtual reality
environment.

Fig. 1. The design framework based on Kolb’s experiential learning model.

Fig. 2. Screen capture of the interactive social stories in VR where the children are expected to
rate whether it is socially appropriate based on their own understanding of the social situation.
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As we know that during the virtual reality enabled experiential learning, children
with ASD tend to need a certain degree of facilitation and using the HMD as the
immersive virtual reality environment will most likely confine the children in the
virtual reality learning scenarios, the adaption also involved adding in-VR facilitations
throughout the four stages of the Kolb’s model. Specifically, task list and visual hints
were added to help the children understand the social scenarios and/or the emotions of
others; the design aligns with the objectives of social competence training as well as the
concrete experience and the reflective observation steps of Kolb’s experiential learning
model. The visual and voice feedbacks were added to help the children abstractly
conceptualize what they had just experience in the interactive social stories, before they
started to experience the pre-plotted social incidents, where the children were expected
to try out their newly gained knowledge and coping skills, so that they could achieve
the active experimentation stage of Kolb’s model. During the active experimentation
stage, if the children encountered problems and facilitations were needed, the visual
hints, visual and voice feedbacks, which they referred to in the previous stages, will
again provide in-VR real-time facilitations.

Moreover, we still believe in the prominent facilitation from the educators. Thus,
the experiential learning will always end with the debriefing session during which the
educators could provide facilitations which could not be provided inside the virtual
reality learning scenarios.

3.2 The Immersive Virtual Reality Environment

The immersive virtual reality environment we used for this study is the off-the-shelf
HMD named Oculus Rift, with the Oculus Rift Touch controllers. Both the HMD and
the controllers support 6 degree-of-freedom tracking in a 3-meter-by-3-meter space.
However, due to the constrains of the length of the cable connecting the HMD and the
computer, the actual immersive virtual reality environment is confined in a 2-meter-by-
2-meter space for safety considerations. This area is marked in the virtual scenes so
even when the learners are wearing the HMDs, they are still able to see where the
boundaries are. The virtual reality learning contents were running on a Lenovo Legion
Y720 15.6-inch laptop computer with Intel i7-7700HQ processor, 16 GB of RAM,
NVIDIA GeForce GTX 1060 graphics card and 256 GB solid state drive. We choose
this setup since it allows us to scale up the studies in the future and help more
beneficiaries. The virtual reality contents were optimized to reach 90 frames per second
rendering on this setup to minimize any uncomfortableness caused by the rendering
lag.

3.3 Participants and Evaluation

A total number of 3 children with clinical diagnosis of ASD were invited to join the
piloting study. Demographics of the participants are reported in Table 1. Consents were
obtained from their parents and schools before we started. No personal identifiable
information would be disclosed, and names used in this paper were made-up for
referencing purpose only. The children were invited to join the 32-session virtual
reality enabled experiential learning in their schools lead by a trained psychologist. The
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psychologist observed and facilitated the children’s exposure to the virtual reality
learning scenarios. The whole session was videotaped, and the research team evaluated
and wrote case reports based on the psychologist’s on-site observation and the video
clips.

The evaluation was conducted on two axes, the content axis and the facilitation axis
(see Fig. 3). Reports were written by the facilitators based on how the participants
utilize the facilitations and how they achieve the intended objectives by going through
the contents. Specifically, the children were reported on their comprehension and
responds to the task list and visual hints during the interactive social stories challenge.
The team also observe whether they could adapt what they have learned from the
interactive social stories to the first-person social incident learning. The learning
effectiveness was assessed based on the children’s comprehension and responds to the
feedbacks during the experiencing and their exhibited behaviors after the virtual reality
enabled learning. Moreover, the children’s acceptance of the immersive virtual reality
technology (i.e., the HMD) was also observed and noted in this study. Several case
studies are reported in the next section.

Table 1. Demographics of the participants.

Name Gender Age (years) Grade

Jason Male 8 P2
Edward Male 10 P4
Lewis Male 8 P3

Fig. 3. The evaluation axes on the virtual reality enabled experiential learning.
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4 Case Study Results

Case Report - Jason
Jason refused to wear the HMD for his first trial. He kept shaking his head and stated
that he was scared. The educator let him know he would receive supports through the
scenario and tapped on his shoulder. He then tried to wear the HMD by narrowing his
eyes, but soon he wanted to take the HMD off. As the sessions progressed, Jason was
able to wear HMD and he became eager to start the session. He gradually learned to
refer to the task list and with support from both the visual hints and the educator, he
quickly learned to follow the task list. However, he sometimes missed the feedbacks
during the incident experiencing. The educator needed to rephrase the voice feedbacks.
We believe this may partially due to his attention deficits and he exhibited the needs of
longer-than-usual time to process voice instructions. During the first-person social
incident experiencing, he found it challenging due to his rigid thinking. But when the
virtual reality contents promote him with visual hints and feedbacks he had experienced
before, Jason’s thinking became more flexible. Moreover, with more practicing, he
learned to generalize social norms to new situations without the need of explicit visual
hints.

Case Report - Edward
Edward was willing to wear the HMD at the very first trial. He always wanted to check
if the educator was with him when he was exposed to the virtual reality learning
contents. He also reported he felt a bit dizzy after took off the HMD, but he had no
issue following the task list and visual hints and was able to complete the first-person
social incident experiencing in a very consistent and socially appropriate manner.
Edward also exhibited his ability of generalizing what he had experienced in the
immersive virtual reality environment to real life scenarios, especially when he was
with his peer students in classroom settings.

Case Report - Lewis
Lewis was willing to wear the HMD at the very first trial and he reported that he
enjoyed the virtual reality exposure a lot. He was able to quickly comprehend the task
list and the visual hints and exhibited great consistency and independency when
responding to the interactive social stories. The adaptation of the coping skills and
social norms was also quite good; he could control his emotion quite well in the first-
person social incident experiencing. After the virtual reality enabled learning, he had no
problem in recalling the follow of the social stories.

5 Conclusion and Future Work

Besides to share our experiences in the use of virtual reality enabled approaches for the
learning of children with ASD, this paper aims to address two fundamental questions
regarding the adoption of Kolb’s ELM in immersive virtual reality environments on the
ASD population. The first question is how different immersive virtual reality envi-
ronments, such as the CAVE and HMDs, affect the design of the virtual reality learning
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scenarios; and second, how the virtual reality learning contents can be designed to
facilitate experiential learning in the immersive virtual reality environment for the ASD
population. Based on our experience, we found that the delivery of experiential
learning in HMDs requires more in-VR facilitations. This is due to the special learning
needs of the ASD population and the uniqueness of HMDs, which is the complete
isolation of the user from the surroundings during VR exposure. More importantly, our
approach of enabling in-VR task list, hints and real-time feedbacks is an effective way
of providing in-VR facilitation, no matter in which type of immersive virtual reality
environments the learning contents were designed to be delivered. However, during our
piloting study using the HMDs, we found that two of the three participants exhibited
the feeling of “insecure” when wearing the HMDs and being exposed to the virtual
scenarios for the very first times. Our planned future works include (1) to expand the
scale of the experiment in terms of the number of participants, and (2) to use stan-
dardized assessment tools to further investigate the effectiveness of the virtual reality
enabled experiential learning on social competences for children with ASD.
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Abstract. The paper presents results of the research dealing with students´
preferences of electronic, or printed materials in 2019 at two intentionally
selected higher education institutions in the Czech Republic: Faculty of Edu-
cation (FE), University of Jan Evangelista Purkyne, Usti nad Labem, and Fac-
ulty of Informatics and Management (FIM), University of Hradec Kralove. Data
were collected from 185 participants who were to fulfil the task within English
for Specific Purposes – they searched for sentences containing selected grammar
phenomena. Totally 8,140 sentences were collected and structured under ten
types of electronic and printed sources (professional book, fiction long, fiction
short, article, other source. Data were processed by Fisher’s exact test. The
hypothesis expecting association between the type of institution and type of
source was verified. FE students preferred printed books of long fiction (novels)
but also used e-books, both of long fiction and on professional content, whereas
FIM students exploited two types of sources only: e-articles and printed books
relating to their profession and/or field of study.

Keywords: Electronic � e- �Printed �Studymaterials �Sources �Englishgrammar �
ESP � English for specific purposes � Higher education

1 Introduction

Generation Y, also called Gen Y, or Millennials, are mostly defined as the group of
people born from early 1980s to early 2000s. Although their characteristics slightly
differ depending on various factors, the increased use and familiarity with e-
technologies are widely accepted features [1]. At the end of the second decade of the
second millennium (i.e. in 2019), the youngest members of this group are at the age of
university students, whilst the oldest ones are going to reach the age of 40. The term of
millennials was first used in 1987, around the time, when the children were entering the
pre-school education, and the media were first identifying their prospective link to the
new millennium as the year of secondary school graduation [2]. These students see
themselves as digital natives [3], i.e. the first generation which grew up surrounded by
information and communication technologies (ICT); however, they were exceptionally
used at schools before 2000. The ICT implementation was reflected in educational
documents, curricula and methodological materials published by both the European
Commission [4–6] and national bodies [7]. Many of them have still been working, the
others target to the future [8].

© Springer Nature Switzerland AG 2019
S. K. S. Cheung et al. (Eds.): ICBL 2019, LNCS 11546, pp. 105–116, 2019.
https://doi.org/10.1007/978-3-030-21562-0_9

http://orcid.org/0000-0001-9797-0393
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21562-0_9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21562-0_9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21562-0_9&amp;domain=pdf
https://doi.org/10.1007/978-3-030-21562-0_9


As widely known, the first reflection of ICT enhancing the process of instruction
from the learners´view was highly positive, been mostly influenced by the newness of
this didactic means, which strengthened learners´motivation towards learning, e.g. [9,
10]. However, decades are passing quickly, and ICT have become standard within the
process of instruction. Currently, all learners – either millennials and younger ones, or
adults and senior adults, consider both the devices and their exploitation part of
common life. This fact removes ICT from the position of a new, strongly motivating
didactic means. Then, the question appears, what the current position of ICT in edu-
cation really is. Therefore, the main objective of this paper is to analyze and discuss
results of the research comparing the exploitation of electronic and printed sources for
educational purposes by millennials at two higher education institutions.

2 Theoretical Background

A decade ago (2009), the first law was passed in the U.S. which required all university
textbooks to be available in electronic form by 2020. Another one (passed in 2011),
demanded public schools to convert their textbooks to digital versions. Within the
Czech higher education system, as required by the Czech National Accreditation
Office, electronic (e-) support for each subject is required, which mostly means
designing and running the online course in the learning management system (LMS).
Following this e-trend, we might expect that students’ familiarity with ICT and their
preference to other types of study materials will definitely result in better learning
results, as learners also state. However, this expectation is not necessarily true. First,
the positive features of ICT – accessibility and portability, which are highly appreciated
by the users – do not automatically mean students learn more just because of the
personal preference. Second, there exist differences between reading the printed and
electronic materials. For example, as discussed by Alexander and Singer [11], students
had expressed their preference to everything electronic (e-sources in general, e-study
materials, e-tests, e-communication, various types of mobile devices etc.) by stating
they learned more, easily, faster; but this did not prove in their real performance.
Already in 1992, Alexander and Singer [11] found out that students were able to better
comprehend printed information from texts longer than one page, which seemed to
relate to the disruptive effect of scrolling on the comprehension. The findings proved
students´opinions neither in testing different levels of comprehension, nor in the time
needed for reading printed and electronic texts. To sum up, the results discovered that

– reading was faster from e-texts than from printed materials;
– students considered their comprehension higher from e-materials despite the fact

test results showed overall higher scores in reading from printed sources;
– the type of text did not matter in understanding the main idea; however, in

answering specific questions the comprehension was significantly better from
printed texts [11].

As reported by Nielsen company in 2018 [12], the printed form of study materials
would always have a place in education. Their research discovered students preferred
printed to electronic materials – 39% of students bought new printed materials, 13%
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borrowed them from libraries and 17% bought used printed study materials; only 31%
of students purchased e-materials. The difference in reading comprehension when
words are displayed on a screen, or on the paper, was also researched by Kottke [13].
She particularly focused on the question to what extent the processing of information
affected. All these questions were already answered in 1980s. However, the situation
has changed substantially since thanks to the technological development. When
researching current students´opinions, their answers are identical in identifying slower,
less attentive and less comprehensive reading from e-texts. Other studies indicate that
people process data more shallowly from e-sources than they do when studying from
printed ones, e.g. Liu [14]. Morineau et al. [15] and Ackerman and Goldsmith [16]
addressed these questions by comparing learning from texts on screen (e-sources) to
learning the same texts from paper (printed sources), and took the metacognitive
processes into account. They discovered that those students reading from screens
performed worse and were overconfident about their success. They conclude that
irrespective immense technological advances learners still prefer studying from printed
materials rather than from computer screens. The results suggest that the primary
differences between the two possibilities are not cognitive but rather metacognitive,
particularly the prediction of performance is less accurate. More generally, this study
highlights the contribution of metacognitive regulatory processes to learning.

To sum up, a decade ago people tended to prefer reading texts in depth from printed
sources rather than from electronic materials, including e-books, as numerous scientists
proved, e.g. Jamali, Nicholas, and Rowlands [17], Woody, Daniel, and Baker [18],
Olsen, Kleivset, and Langseth [19]. Thus a question arises whether the observed screen
inferiority depends on the reluctance of the participants regarding studying texts on
screen. Indeed, the results of Ackerman and Goldsmith [16] were collected from stu-
dents who strongly prefer printed versions to e-sources. However, Ackerman and
Lauterman [20] detected similar results among engineering students who were under
mild time pressure. Importantly, these students were used to reading from screen and
have only a moderate preference for print. Other studies found out that part of the
difference between the way people absorbed information from e-books versus paper
might be due to approaching e-books differently – generations of e-book readers
evolve, and people become more accustomed to the idea of sitting down with a digital
textbook [21].

In the Czech Republic, researches were also conducted focusing on the use of
electronic and printed study materials with higher education students. At the Faculty of
Informatics and Management (FIM), University of Hradec Kralove (UHK), strong
preference for e-sources was detected already in 2009 [22]. The result was understood
in relation to the main interest of the students, i.e. in information technologies, which
naturally resulted in their preference to e-sources. Even before 2009, the IT equipment
and access to the Internet at FIM were above standard [23: 64, 65, 91, 92] and analysis
of financial expenses [23: 70] gave preference to ICT-enhanced instruction, particularly
to the use of e-sources in all subjects, including English language. At the Faculty of
Education, University of Jan Evangelista Purkyne, Usti nad Labem, where pre-service
teachers were educated, strong preference was given to the direct method of teaching
English language and ICT were marginal in this process. Therefore, data were neither
collected, nor published at that early period.
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3 Methodology

The above mentioned higher education institutions serve as sample ones in our
research: FIM as the leader in the field of e-learning implementation in the Czech
Republic; FE as a faculty preparing pre-service teachers, where no special attention was
paid to the ICT implementation. Within the research, students of both institutions were
given the identical task – to learn and practise selected phenomena of English grammar
through collecting sentences when reading texts relating to their field of study, i.e. IT
with FIM students and English literature, linguistics and educational science with FE
students. Types of sources students exploited to fulfil the task were monitored and
analyzed. So that this learning objective to be reached, blended approach was applied
combining face-to-face lessons and autonomous work in LMS, as described in detail
below where

– first, the process of teaching/learning English at both institutions is introduced;
– second, the process of fulfilling the task is described;
– third, research design is presented.

3.1 Teaching/Learning English at FE and FIM

As students of different levels of knowledge attend English courses at both institutions,
blended learning approach is applied to practising English grammar. The starting level
of the first-year students of the bachelor study programme of English language and
literature at FE is B2 (upper intermediate level) according to Common European
Framework of Reference for Languages (CEFR) [24], and B1 (intermediate level) for
bachelor students of Applied Informatics and Information Management at FIM. CEFR
defines learning outcomes within General English; however, English for Specific
Purposes (ESP) is taught to these students, focusing on linguistics and literature with
FE students and IT field with FIM students.

At FE, students develop their knowledge of English grammar in six courses of
Practical Language (i.e. 90 min per week each) during the bachelor study programme.
In the subjects, all four language skills are under the focus, and also grammar and
professional vocabulary from the field of linguistics and literature. Moreover, all other
subjects are taught in English, half-and-half by qualified native speakers and Czech
teachers of English. It means students are exposed to the English speaking environment
during the whole study, which results in having high level of practical knowledge of
English. Online courses in the Learning Management System (LMS) Moodle can be
designed and used by the teachers. On the other side, not much attention is paid to the
system and theory of grammar, which should not be omitted at this level of foreign
language learning.

At FIM, students attend one face-to-face lesson of ESP per week (i.e. 90 min, or
four three-hour blocks per semester) where mostly direct communication activities are
conducted, and they also have additional materials for reading, practising and testing
their knowledge available in the LMS Blackboard [25].
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3.2 Process of Fulfilling the Task

The research process consisted of three phases.
In Phase 1, the pre-test detecting students´starting knowledge was conducted on the

first face-to-face lesson in FE and FIM groups, i.e. before the process of learning
started. Each student was given a sheet of paper where titles of 44 grammar phenomena
were listed in the left column. Students were to write a simple sentence containing the
phenomenon in appropriate context to the right column. For the purpose of the
research, the phenomena were structured into two groups following the CEFR: A2
level (Basic user – elementary level; G1-20) and B1 level (Independent user – inter-
mediate level; G21-44). The time period for completing the list was 70 min. After the
lesson, each sentence was assessed by the teacher (one point per correct sentence).

In Phase 2, autonomous out-of-school work was conducted for six weeks. Students´
task was to read texts (fiction and professional texts relating to their field of study
and/or work, i.e. novels, stories, but not poetry, professional books, articles in journals,
web pages etc.), and fill in the same list of 44 grammar phenomena with sentences
found in the texts they read. Citations were strongly required. When finished, the list
was submitted to the teacher and feedback was provided to each student stating
whether sentences are correct, or other ones need to be found, and why.

In Phase 3, student´s final knowledge was tested at the end of semester in the form
of face-to-face credit test. Identically to previous phases, students were to fill in the
same list of 44 grammar phenomena with their own sentences which they considered
appropriate to each phenomenon. This task was rather difficult because not only the
knowledge of grammar phenomena, but also the context and professional vocabulary
were required [25].

3.3 Research Design

For the purpose of this research, sentences collected in phase 2 were used, particularly
the citations were crucial. They enabled us to distinguish what type of source students
read to find the appropriate sentence.

Research Question, Objective and Hypothesis
Reflecting the theoretical background, the question appears what influences students´
choice of the type of sources they study from – are there personal features, previous
work and/or study experience, interests? Are their preferences connected to the field
(study programme, institution) they study? Do the students prefer e-sources to printed
ones, or vice versa? What were the preferences of each group? These questions led us
to the question whether FIM students use e-sources more frequently, whilst FE students
prefer printed sources. Consequently, the research objective was to discover what type
(s) of sources students exploit and whether their choice/preference depends on the type
of institution they attend.

Therefore, the null and alternative hypotheses were stated as follows:

H0: The type of source cited does not depend on the type of institution.
Ha: The type of source cited depends on the type of institution.
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Research Sample
Totally, 185 students of two universities participated in the research:

– Faculty of Education (FE): N = 91; (M = 32; F = 62);
– Faculty of Informatics and Management (FIM): N = 94; (M = 71; F = 20).

The age interval of the research sample is from 20 to 41 years; i.e. all of them can
be considered Gen Y members. They all participated in three phases of the research,
particularly Phase 2 and cited all the sources of collected sentences properly.

Research Methods and Tools
Types of sources students read and collected the appropriate sentences from, were
structured into ten types:

– Type 1: Electronic book dealing with the professional topic reflecting student´s field
of education, or work.

– Type 2: Electronic book – fiction, long, e.g. novels.
– Type 3: Electronic book – fiction, short, e.g. stories.
– Type 4: Electronic article dealing with the professional topic reflecting student´s

field of education, or work.
– Type 5: Electronic sources not listed above.
– Type 6: Printed book dealing with the professional topic reflecting student´s field of

education, or work.
– Type 7: Printed book – fiction, long, e.g. novels.
– Type 8: Printed book – fiction, short, e.g. stories.
– Type 9: Printed article dealing with the professional topic reflecting student´s field

of education, or work.
– Type 10 Printed sources not listed above.

Totally, 8,140 sentences were collected (4,136 by FE students; 4,004 by FIM
students). The occurrence of cited sources was monitored and presented in the form of
2 x 2 contingency table considering the institution (FE, or FIM), type of source used (e-
sources: types 1-5; printed sources: types 6-10), and the group of grammar phenomena
(G1-44; G1-20; G21-44). If the student used more than 50% of e-sources out of total
amount of 44, 20 and 24 grammar phenomena, they were included in the group of e-
source users; if the student used more than 50% of printed sources, they were classified
in this group of printed source users. The occurrences were processed by Fisher´s exact
test.

4 Research Results

Research results are displayed and considered from various views. Following the
methodology, first, results of testing the alternative hypothesis are presented; then,
additional detailed data enhancing the result are displayed.
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4.1 Testing the Hypothesis

The alternative hypothesis Ha stating that the type of source cited depends on the type
of institution was verified.

The result of Fisher´s exact test showed that two-tailed P value is less than 0.0001,
which means the association between rows (institution) and columns (outcomes, i.e.
type of source) is considered to be extremely statistically significant. Occurrences were
considered in three groups: all grammar phenomena (G1-44), grammar phenomena
required for the B1 level of CEFR (G1-20), grammar phenomena required for the B2
level of CEFR (G21-44).

From the above listed ten types of sources, no occurrences of types 5 and 10 were
detected. Therefore, these types are omitted in following tables and figures. In Table 1,
we can see that within all grammar phenomena (G1-44), 34 students of FE exploited
more than 50% of e-sources compared to 60 students working with printed sources,
whilst 67 students of FIM exploited more than 50% of e-sources compared to 24
students working with printed sources. Identical occurrences were discovered within
the group G1-20. In the group G21-44, the occurrences differed slightly (FE: e-sources
38, printed sources 56; FIM: e-sources 63, printed sources 28). The data clearly show
there was no/hardly any difference between the three groups of grammar phenomena
(G1-44; G1-20; G21-44); therefore, further on, results in the G1-44 group are
presented.

As the amount of students in groups was not identical (FE: N = 94; FIM: N = 91),
the distribution of students using e-sources and printed sources is also displayed in per
cent in Fig. 1.

Table 1. Distribution of students using e-sources and printed sources in FE and FIM in three
groups (total amount).

Grammar phenomena Institution Students using
e-sources (N)

Students using
printed sources (N)

G1-44 FE (N = 94) 34 60
FIM (N = 91) 67 24

G1-20 FE 34 60
FIM 67 24

G21-44 FE 38 56
FIM 63 28

N: total amount
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4.2 Detailed Occurrences of Types of E-Sources and Printed Sources
Used by FE and FIM Students

The collected sentences (8,140) were structured under eight of ten types of sources
(because of zero occurrence, types 5 and 10 are omitted). Results are displayed in
Table 2 (total amounts) and Fig. 2 (per cent). The results show that eight types of
sources (four e-sources and four printed sources) were exploited by FE students when
searching for sentences with appropriate grammar phenomena, and type 7 (printed
book – fiction, long, e.g. novels) was most frequently used. FIM students exploited two
types of sources only: type 4 (electronic article dealing with the professional topic
reflecting student´s field of education, or work) which was the most frequently
exploited e-source, and type 6 (printed book dealing with the professional topic
reflecting student´s field of education, or work) was the only exploited printed type of
source.

The predominance of type 4 (e-source, article dealing with the professional topic
reflecting student´s field of education, or work) with FIM students and type 7 (printed
book – fiction, long, e.g. novels) with FE students are distinctly visible in Fig. 2.

0
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20
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40
50
60
70
80

FE FIM FE FIM FE FIM

G1-44 G1-20 G21-44
e-sources printed sources

Fig. 1. Distribution of students using e-sources and printed sources in FE and FIM in three
groups (per cent).

Table 2. Types of e-sources and printed sources in FIM and FE groups (total amounts, G1-44).

Type 1 Type 2 Type 3 Type 4 Type 6 Type 7 Type 8 Type 9

FE 316 850 16 442 256 2,178 58 12
FIM 2,988 1,016
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In Fig. 3, amounts of students (in per cent) are compared who exploited a single
type of source when searching for sentences (i.e. not one source, but one type of source,
e.g. e-articles from several web pages, manuals, or e-journals were employed). Aside
from types 4 and 7, type 1 (electronic book dealing with the professional topic
reflecting student´s field of education, or work) and type 2 (electronic book – fiction,
long, e.g. novels) were used as single types of sources.

5 Discussions and Conclusions

Our results clearly proved that the type of source cited depended on the type of
institution the user attended. The data were collected within teaching/learning selected
grammar phenomena in English for Specific Purposes. Another question is whether the
results would be identical or different in other subjects, and at other institutions. This
could be the topic for future research. However, we do not expect to get different results
from several reasons, e.g. FIM students, who are engaged in information technologies,
consider the exploitation of e-sources to be a logical approach. Therefore, e-articles

0 10 20 30 40 50 60 70 80

Type 1
Type 2
Type 3
Type 4
Type 6
Type 7
Type 8
Type 9

FIM FE

Fig. 2. Types of e-sources and printed sources in FIM and FE groups (per cent, G1-44).

0 10 20 30 40 50 60

Type 1
Type2
Type 4
Type 7

FIM FE

Fig. 3. Types of e-sources and printed sources exploited as a single source when searching for
sentences in FIM and FE groups (per cent, G1-44).
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were the most frequently used type of source, which was probably caused by the
immediate availability on the Internet. The same reason could be applied to reading e-
books which were used by FE student, even though neither as the most frequently used
type of source, nor as a single source. A decade ago, e-books were believed to become
a new and strong medium. The amounts of electronic versions of books traditionally
available in printed format were growing, been supported by the popularity of note-
books, tablet and advanced mobile devices and technologies in general. In the U.S.,
sales increased by 117% in 2011 [26] and were still rising all over the world later on. In
the Czech Republic, the e-book sale was also increasing. In 2018, more than one
million of e-books were sold, which is 4% increase compared to 2017. However, these
numbers include both the fiction and professional books. Audio-books (fiction only)
are the most popular of all; the sales increased of 37 per cent compared to 2017. On the
contrary, the production of printed higher education textbooks is decreasing – fewer
titles were published last year, which could have been caused by the state economic
situation, and also by lower demand from students´side – some of them (as minimum)
have got used to exploiting e-sources, mostly available free of charge [27]. This result
could be applied to the FIM students, as our results proved. The most popular printed
textbooks are available also in electronic format; however, there are hardly any text-
books published in e-format only.

According to Ng, Schweitzer and Lyons in 2010 [28], those who were most likely
to use electronic textbooks were primarily students of the Gen Y age group, who were
constantly connected through technology. Even though Gen Y is comfortable with the
use of technology and they are very well known for their technological savviness, they
have not grown up with using ICT at school [29]. Perhaps as a result of this lack of
technology usage for education, today – as university students – some of them (except
IT students) have become hesitant to adopt e-textbooks [30–32], despite the fact that
the e-textbooks have a number of advantages over traditional printed textbooks. Based
upon Gen Y’s professed familiarity with technology, they were expected this genera-
tion to embrace e-textbook technology but previous research proved this not to be true.

Moreover, several researches focused on the use of e-textbooks in libraries for out-
of-school learning, e.g. [33, 34]. The findings discovered various ways in which users’
acceptance of e-books may be encouraged. The availability of the source, both elec-
tronic and printed, is the feature that influences the preference.

The likely forecast is that students will continue to use printed sources for some
purposes and e-sources for other purposes. The digital revolution came here to stay,
and for more than a decade, some scientists and authorities were trying to shift edu-
cation solely to e-books and e-forms.

However, the appropriateness of the didactic means used should always be the main
criterion. We state this as long-year supporters of e-learning and ICT-implementation in
education. Reflecting the discovered findings, we propose following: let´s keep both
the printed and e-sources and exploit one or both depending on the educational
environment, learning objective, content, and other conditions. Thus the Comenius
motto ´Let everything flow freely in the absence of violence´ (Omnia sponte fluant,
absit violentia rebus) will be fully applied [35].
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Abstract. Nineteen student interpreters who were unbalanced Chinese-English
bilinguals were recruited. Their performance in a Chinese-to-English (C-E)
consecutive interpreting (CI) task, performance in an English-to-Chinese (E-C)
CI task, and performance in two summarization tasks respectively following the
two CI tasks were examined. Results showed that (1) no significant difference
was found in students’ overall interpreting performance between C-E and E-C
CI, but their performance in target language grammaticality and appropriateness
was found significantly better in E-C than in C-E CI; (2) students achieved
significantly better performance in the summarization following C-E CI than
they did in the summarization following E-C CI; (3) in E-C CI (but not in C-E
CI), summarization performance was significantly correlated with interpreting
performance (both overall performance and performance in target language
grammaticality and appropriateness); besides, summarization performance had
significant and positive predictive power on interpreting performance in E-C CI.
Pedagogical implications are discussed.

Keywords: Blended learning � Interpreting training � Student interpreter �
Summarization � Interpreting performance

1 Introduction

In the trend of globalization, the need for qualified interpreters increases quickly,
calling for more efficient and on-demand interpreting training. As interpreting activities
are characterized by input ephemerality and output immediacy (i.e., during interpreting
interpreters are usually exposed to the source language only once and required to
produce a first-and-final translation of the source language information) [9, 18, 21],
student interpreters who are intended to become professional interpreters and to pro-
duce high-quality interpreting performance need intensive training and extensive
practice until they succeed in circumventing their language constraints, psychological-
cognitive constraints, and physical constraints [15]. The traditional interpreting train-
ing, which is mainly classroom-based, is limited in reach and the time or opportunity
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for instruction/practice, and it thus no longer meets the aforementioned needs from the
interpreting market and from interpreting training.

Owing to emerging computer-assisted interpreting training (CAIT) technologies,
interpreting training is now updated and revolutionized into a blended mode, which
enables interpreting training to meet the growing need for proficient interpreters in a
more efficient and effective way. Based on the idea of blended learning (i.e., that the
traditional face-to-face and the technology-mediated instruction are converged without
the presence of instructors and learners in the same physical environment required [7]),
we can see in blended interpreting training that (1) interpreting training takes place in a
digital interpreting laboratory equipped with state-of-the-art technology, where either
teacher-led instruction or decentralized self-regulated learning can be implemented;
(2) learning management systems such as Moodle are applied in interpreting training;
(3) student interpreters independently make use of online terminology management
systems (which can be established and maintained both by their interpreting instructors
and by themselves) to prepare for in-class and after-class interpreting tasks assigned to
them; (4) in a self-paced and collaborative virtual training environment, student
interpreters accomplish interpreting tasks with feedback from peers/human instructors/
e-instructors provided via the Internet (e.g., chat systems, discussion forums) shortly
after the answer/interpreting output is submitted; (5) student interpreters, who become
more self-regulated, autonomously look for and finish online exercises that are devised
on the basis of real-life interpreting corpora (which offer access to transcribed input
and output texts aligned with audio-visual recordings), and then they share and discuss
their answers/interpreting output in class with peers and interpreting instructors [5, 6,
11, 13, 16].

Among exercises commonly adopted in blended interpreting training, summa-
rization is the one frequently used (see a review on interpreting exercises in [8]).
A popular type of summarization exercises is summarizing source language (SL) input
immediately after interpreting (named “post-interpreting summarization” henceforth).
According to previous studies on the benefit of summarization as an interpreting
exercise [14, 17], post-interpreting summarization, which is usually introduced and
assigned to student interpreters before interpreting, helps promote student interpreters’
interpreting proficiency in three main ways, including (1) keeping student interpreters
attentive to SL information during interpreting, (2) encouraging students to adopt a
global approach when they listen to the SL, which can in turn assist them in com-
prehending SL details (especially the underlying SL logic), and (3) requiring student
interpreters to weigh the importance of each SL message, which to some extent can
avoid verbosity and redundancy in target language (TL) reformulation.

These potential benefits of post-interpreting summarization, however, are not yet
examined empirically but are mainly speculations based on personal experience. So far
we do not have sufficient empirical evidence showing how performance in post-
interpreting summarization relates to interpreting performance, in particular how per-
formance in this interpreting exercise may explain or help improve interpreting
performance. The present study is intended to address these issues empirically. Post-
interpreting summarization is widely used in training programmes of consecutive
interpreting (CI), since this interpreting mode requires efficient summarization and
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recall of (SL) information just as summarization exercises demand. The present study
thus focuses on CI rather than other interpreting modes.

2 Research Background

Though summarization is widely used as an exercise in translating and interpreting
training [8, 17], empirical research is scarce on how interpreting performance is related
to summarization performance. A previous study [4] compared the performance of
short-story recalling and the performance of digit recalling between two groups of
student interpreters at the advanced level (Group A and B). Group A was asked
to articulate in their L1 (Italian) and Group B in L2 (English). Both groups recalled
short stories under two recalling conditions, including recalling after listening to the
story and recalling after doing simultaneous interpreting (SI) in which the story was
delivered as SL input, with Group A interpreting from L1 to L2 and Group B in the
opposite direction. When recalling digits, the two groups recalled under four condi-
tions, including listening to digits, shadowing digits (i.e., repeating them out loud
immediately after listening to them), listening to digits accompanied by articulatory
suppression (i.e., listening to digits when uttering irrelevant syllables at the same time),
and simultaneously translating digits.

After comparing the performance in recalling stories and the performance in
recalling digits from three dimensions (Dimension 1: within group and across different
recalling conditions; Dimension 2: between groups and under the same recalling
condition; Dimension 3: between groups, with data of different recalling conditions
collapsed together), the study found that the performance in short-story recalling after
simultaneous interpreting (SI) was not so good as the performance after listening to the
story. Besides, the digit recalling performance of the students who finished SI (before
recalling) was found not as good as the performance of those who recalled under the
other three conditions. These findings seemed to indicate a negative relation between
interpreting experience and the efficiency of recalling SL input (short stories/digits), but
due to the lack of related previous empirical research, further examination of this
relationship is warranted. Besides, given that summarization as an exercise is widely
used in CI training in both directions of each language pair (among which the most
common pairs are L1–L2, L1–L3, and L2–L3), investigation is also needed on how the
relationship between summarization and interpreting performance may potentially
differ between CI of two opposite interpreting directions.

3 Research Design

To fill in these research gaps, the present study invites student interpreters of
intermediate-high level of interpreting proficiency as participants, investigating and
comparing their performance in L1-to-L2 (Chinese-to-English in this case, C-E for
short henceforth) CI and their performance in L2-to-L1 (English-to-Chinese in this
case, E-C for short hereafter) CI. Besides, the current study will also examine their
performance in post-interpreting summarization concerning the two CI tasks. To avoid
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potential weaknesses caused by a small sample size of participants, the present study is
to collect data from more than 15 participants [3]; and to avoid potential intervening
effect due to any heterogeneity between groups, this study adopts a within-group
design. The present research aims at answering two questions:

(1) How do interpreting performance and post-interpreting summarization differ
between C-E CI and E-C CI?

(2) How does student interpreters’ interpreting performance relate to their post-
interpreting summarization respectively in C-E CI and in E-C CI?

3.1 Participants

Altogether 19 postgraduate students enrolled in an intensive interpreting programme in
a national key foreign studies university were recruited as participants on a voluntary
basis. When the data in the current study was collected, all the participants had field
experience in interpreting and had been trained in interpreting for 300 h on average. All
the student interpreters, who had spent at least ten years in learning English as a foreign
language in China before they were enrolled in the aforementioned interpreting training
programme were in general unbalanced Chinese-English bilinguals.

3.2 Materials and Procedure

Materials in CI Tests. The C-E CI test used in the current study was adapted from an
eight-minute speech concerning a promotion of laptops for kids. The E-C CI test given
by another male speechmaker, which was also converted from an eight-minute speech,
was a general introduction of the 2007–2008 financial crisis. The original speech for
C-E CI was delivered by a male speechmaker at an average rate of 249 words per
minute and the original speech for E-C CI was given by another male speechmaker at a
mean rate of 143 words per minute. Given that the participants were unbalanced
Chinese-English bilinguals, the current study divided each speech into segments that
comprised two to three sentences. The two CI tests were considered homogeneous with
difficulty levels appropriate for the current participants based on three pieces of evi-
dence, including (1) results in a pilot study participated in by five student interpreters
from the same population as the 19 participants in the main study, (2) judgments on the
difficulty level of the C-E CI task and the E-C CI task from five experienced inter-
preting instructors that were working at the identical university as the participants, and
(3) a questionnaire about material appropriateness following the two CI tests in the
main study. The E-C CI task was the same as used in [1], where more details about the
task and the procedure can be found.

Procedure of CI Tests. Participants took the CI tests in a digital interpreting labo-
ratory for blended interpreting training. During each CI test, they heard one segment at
a time. When each segment ends, they were cued to begin interpreting. In accordance
with the pilot study, the duration for rendering every segment was 1.5 times the
duration of the segment. At the end of the interpreting time, participants would hear a
signal followed by a short interval. Afterwards, participants heard a new segment and
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continued to interpret. Taking notes and referring to the notes were both allowed during
the test. The order of the two CI tests was counterbalanced within group.

Procedure of Post-Interpreting Summarization. Immediately after each CI test,
participants independently wrote a summary (about 150 to 200 words) of SL input in
their L1 (i.e., Chinese). The time limit in this data collection session was 15 min,
which, according to the pilot study, was proven sufficient for the participants to finish
the task.

Scoring of Interpreting Performance. Two interpreting instructors (also working as
professional interpreters with five years of field experience on average) listened to the
recordings of all the participants’ interpreting output and independently graded their CI
performance based on identical scoring criteria. According to the criteria, which are
generally accepted in CI training programmes, a participant’s total score (100%) was
composed of two proportions: (1) information accuracy and completeness (“Informa-
tion” henceforth), which took up 67%, and (2) TL grammaticality and appropriateness
(“TL expressions” henceforth), which occupied 33%. Each participant’s final score in
either CI test was equal to the mean of the scores given by the two raters (inter-rater
coefficient r = .95)

Scoring of Post-Interpreting Summarization. The scoring of post-interpreting
summarization centered on two issues: (1) how accurately and completely students
can summarize the critical SL messages; (2) how logical the summarized messages
were. In each CI test, there were in total nine pieces of critical SL information, and thus
nine points was the full mark in summarization. Two university English teachers rated
all the participants’ summaries independently and when there was disagreement in
rating, these two raters discussed until they reached a consensus. Each student inter-
preter’s final score of each summary was the average of the scores given by the two
raters (inter-rater coefficient r = .93).

4 Results

Data from the 19 participants were analyzed with the software R [19], specifically
psych package [20], rcompanion package [12], and MASS package [22]. The effect size
(Cohen’s d) was equal to the difference between two means divided by the pooled
standard deviation of the data. Cohen’s d can be as small as .01 and as large as 2.00,
with .20 being the threshold for a small effect, .50 for a moderate effect, and .80 for a
large effect [2].

4.1 Summarization and Interpreting Performance

As shown in Table 1, our participants’ performance in C-E CI was rated 81.21
(SD = 6.84) on average, which was not significantly different from their performance
in E-C CI (Mean = 82.00, SD = 5.16), t(18) = −.47, p = .646). The results confirmed
the general homogeneity in the two CI tests. Table 1 also demonstrated that the par-
ticipants did not differ significantly in the sub-score of Information between C-E and
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E-C CI (t(18) = 1.57, p = .14), while they achieved higher sub-scores in TL expres-
sions in E-C CI (Mean = 29.18, SD = 2.34) than they did in C-E CI (Mean = 26.53,
SD = 3.61, t(18) = −3.15, p = .006 < .01), showing that our student interpreters, who
were unbalanced Chinese-English bilinguals, performed better in TL grammaticality
and appropriateness when they were asked to interpret into their L1 than into L2.

In terms of post-interpreting summarization, significant difference was found
between the two interpreting directions, with the summarization after C-E CI
(Mean = 5.47, SD = 1.46) better than the summarization after E-C CI (Mean = 2.29,
SD = .92, t(18) = 10.48, p = .000 < .01). As summarization of SL information is
closely related to SL comprehension, the results suggest that our participants, who were
student interpreters and unbalanced Chinese-English bilinguals, probably compre-
hended SL input more efficiently when they interpreted from L1 than from L2.

4.2 Relationship Between Summarization and Interpreting Performance

Correlation. As presented in Table 2, the correlation between summarization and the
overall performance in C-E CI was not found significant (r = .25, p = .293). Neither
was significant correlation found between summarization and either sub-score of
interpreting performance (see Table 2 for details). By contrast, a significant and pos-
itive correlation was found between summarization and the overall performance in E-C
CI (r = .48, p = .040 < .05), particularly between summarization and TL expressions
in this CI test (r = .53, p = .019 < .05). These results indicate that in E-C CI, the
student interpreters who comprehended and recalled SL information more cost-
effectively would probably interpret better (either in terms of the overall performance or
specifically in terms of TL expressions), and vice versa.

Table 1. Interpreting performance and summarization at two stages (N = 19)

C-E E-C t Effect size
Mean SD Mean SD

Interpreting performance Information 54.68 3.59 53.16 2.85 1.57 .46
TL expressions 26.53 3.61 29.18 2.34 −3.15** .81
overall 81.21 6.84 82.00 5.16 −.47 .13

Summarization 5.47 1.46 2.29 .92 10.48** 1.58

Note. **: p < .01.

Table 2. Correlation (r) between summarization and interpreting performance (N = 19)

Overall
interpreting score

Information TL expressions

C-E E-C C-E E-C C-E E-C

Summarization .25 .48* .14 .39 .31 .53*

Note. *: .01 � p < .05.
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Predictive Power of Summarization on Interpreting Performance. As significant
correlations were reported between the student interpreters’ summarization perfor-
mance and performance in E-C CI, a question was raised whether the performance in
such a typical exercise frequently used in blended interpreting training can predict
student interpreters’ interpreting performance. To answer this question, the present
study conducted two linear regressions, with the performance (both overall score and
TL expressions) in E-C CI as the dependent variable in each regression and their
summarization score in the corresponding CI test as the independent variable (see
Table 3). Results show that summarization scores significantly explained 23% variance
in the overall interpreting score (R2 = .23 = 23%, F = 4.95, p = .040 < .05) and 29%
variance in TL expressions (R2 = .29 = 29%, F = 6.78, p = .019 < .05). As the b
values were above zero in both regressions, the predictive power of summarization
scores on interpreting performance was positive, indicating that student interpreters’
efficiency in post-interpreting summarization probably had a positive moderating effect
on their performance in E-C CI.

5 Discussion

The present within-group study scrutinized and compared 19 intermediate-high-level
student interpreters’ performance in CI of two directions between Chinese and English.
Moreover, the current study examined these student interpreters’ performance in two
summarization tasks respectively following the two CI tasks. With a series of quan-
titative analyses, three major findings were attained. First, no significant difference was
found in CI performance between the two interpreting directions (Chinese-to-English
or English-to-Chinese), whereas the results showed that our student interpreters
achieved better performance in TL grammaticality and appropriateness in E-C CI than
in C-E CI (see Table 1). These results suggest that first, the two CI tests were
homogenous in general. Second, the results indicate that student interpreters probably
enjoy greater advantage in the delivery of TL output when the TL is L1 than when it is
L2. These results are consistent with our intuition, given that student interpreters, who
are mostly unbalanced bilinguals, usually have a higher proficiency level (in particular
of speaking) in their L1 than in L2. On the other hand, the results suggest that L2-
speaking drills are still imperative in the blended interpreting training programme for
intermediate-high or postgraduate student interpreters.

The present study also found that student interpreters achieved better scores in the
summarization after C-E CI than they did after E-C CI (see Table 1), indicating that
they were more efficient in comprehending and retrieving SL information when the SL

Table 3. Predictive power of summarization on interpreting performance (N = 19)

Regression Dependent variable(s) Independent variable R² F b

1 Overall score Summarization .23 4.95* 2.67
2 TL expressions .29 6.78* 1.36

Note. *: .01 � p < .05.
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was their L1. As SL comprehension and recall is of vital importance in CI, the results
also suggest that English (i.e., L2) listening comprehension should be highlighted, and
thus sufficient related exercises should be provided even in the interpreting training
programme for postgraduate student interpreters, if these students would like to achieve
a summarization performance in E-C CI as efficient as in C-E CI. Exercises of L2
listening are especially necessary given that the majority of these students are intended
to take interpreting as their professional career. In fact, student interpreters need to be
competent particularly in L2-to-L1 CI (also referred to as into-A CI), since CI of
this direction is the most popular CI mode in the interpreting market (especially in
West Europe).

In terms of the relationship between post-interpreting summarization and inter-
preting performance, no significant correlation between the two variables was found in
C-E CI (see Table 2). This result suggests that in CI from L1 to L2, the student
interpreters’ interpreting performance may not be so closely related to their efficiency
in SL comprehension and in SL information recall as it was in CI from L2 to L1.
Notwithstanding the importance of SL proficiency in interpreting, student interpreters
can be homogeneous in their SL comprehension when the SL was their L1, and their
interpreting performance was therefore more influenced by their TL proficiency (their
L2 speaking in this case), which probably resulted in the aforementioned absence of
significant correlation between summarization and interpreting performance in C-E CI.

Meanwhile, the current study found that student interpreters’ post-interpreting sum-
marization was significantly correlated with their interpreting performance (both overall
score and the sub-score of TL expressions) in E-C CI (see Table 2). Besides, their sum-
marization performance significantly explained/predicted more than 20% variance in
their interpreting performance (see Table 3). These results first confirmed our intuition
that interpreters’ comprehension and recall of SL information plays a crucial role in their
interpreting output. Second, the results suggest that at the intermediate-high or post-
graduate stage of interpreting training, student interpreters who are more efficient in
comprehension and recall of SLmessages aremore likely to performbetter in interpreting,
especially in TL grammaticality and appropriateness.

Pedagogically speaking, our findings indicate to interpreting instructors and cur-
riculum developers that to student interpreters, improvement in post-interpreting
summarization can to some extent promote interpreting performance. In a learner- or
learning-centered blended interpreting training, it is thus suggested that (1) student
interpreters should enjoy sufficient and easy access to online and offline interpreting
materials (especially in their self-paced training session) based on which they take a
more active role in practising post-interpreting summarization whenever and wherever
they want; (2) either in classroom-based instruction or via online chatting systems/
discussion forums, interpreting instructors introduce to student interpreters (or student
interpreters share with each other) useful summarization strategies/tactics that students
can deploy into their autonomous summarization practice; interpreting instructors can
also design for students a proper number of memory exercises such as the “retrieval
exercise”, which is found to be helpful in improving trainees’ summarizing ability
[10, 23], and make the exercise available for students in an online interpreting exercise
repository; (3) after student interpreters have achieved a certain training goal with
summarization exercises, interpreting instructors can provide personalized suggestion
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(better via the Internet and after class) to each individual student about follow-up
exercises, preparing students for skill transition from summarization exercises to
interpreting activities.

6 Conclusion

In blended interpreting training, post-interpreting summarization is an exercise widely
used. The present study, which invited 19 student interpreters who were at the
intermediate-high/postgraduate stage of interpreting training, investigated the students’
performance in CI of two directions between Chinese and English as well as their
performance in post-interpreting summarization. The results showed that student
interpreters did not differ in their overall interpreting performance between the two CI
directions (C-E and E-C), but they achieved better performance in TL grammaticality
and appropriateness in E-C CI than in C-E CI. The results also showed that the
participants achieved better performance in post-interpreting summarization in C-E CI
than in E-C CI. The current study also found that in E-C CI, interpreting performance
was closely related to summarization performance, with the latter significantly and
positively predicting the former.

From a pedagogical perspective, these findings suggest that summarization as an
interpreting exercise has a potential positive effect in promoting interpreting perfor-
mance, and thus more finely-designed summarization exercises and related quiz/test
items could be introduced into our future interpreting training programmes. To apply
summarization exercises more efficiently in blended interpreting training, interpreting
instructors and curriculum developers can make full use of the latest information
technologies to capture the most updated interpreting materials online when developing
summarization exercises. To augment its promoting effect on interpreting performance
(particularly in self-paced interpreting training), online summarization exercise
repositories/systems can cater to each student interpreter’s individual needs of training
by offering (1) accurate and efficient assessment of current summarizing ability,
(2) tasks of an appropriate difficulty gradient, (3) tasks of rich topic variety, (4) concise
and timely assessment of the summaries handed in by students, and (5) a portfolio
automatically built for each individual student, recording the history of their practice in
summarization and facilitating their self-reflection on the practice. Empowered by
CAIT and latest technologies like Big Data and artificial intelligence, interpreting
instructors (either human instructors or e-instructors) can provide to students opportune
and personalized feedback on their summaries (including but not limited to comments,
advice, strategies) along with proper follow-up exercises (including but not limited
to L2-learning drills, summarization exercises, and memory practice), encouraging
student interpreters to take a more autonomous and spontaneous role in practicing
summarization and to transfer the skills they acquire in summarization exercises to the
more challenging task, interpreting.
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Abstract. The computer simulation of the world are predominantly perceptual
stimuli that allow the user to manipulate the elements of the model world and
create a sense of realism. Modeling and simulation serves primarily to illustrate
and describe individual processes, their structure and, above all, their behavior.
Using simulation experiments, the entire model is examined under different
conditions and in different states that represent different variants of these sys-
tems. Simulation as a method is used not only for innovation and for opti-
mization of business processes, but has proven itself in education and human
resource development. Currently, there are some schools and educational
institutions around the world providing the opportunity to attend part of the
training courses using simulation games.

Keywords: Application �E-learning �Game � Process � Simulation � Smart device

1 Introduction

Nowadays, we are experiencing increasing interactions between individuals and smart
environments, whether it is the interaction of smart devices during ordinary activities
such as smart homes, washing machines, refrigerators, air conditioning, toothbrushes
connected to a mobile phone or teaching/learning and bringing certain elements of
reality through virtual 3D world.

There is growing emphasis on teachers in passing their knowledge and experience
to students to get students more engaged because students expect more interaction and
communication in the online world. [1] The virtual world is the type of online com-
munity, which is primarily a form of computer-simulated environment that users can
use, create, and interconnect certain objects [2].

The computer simulation of the world are predominantly perceptual stimuli that
allow the user to manipulate the elements of the model world and create a sense of
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realism. These simulations are now used in many industries, whether it’s the business
sector or the activities of different organizations [3].

Simulators and their possibilities will be described in this work together with
examples of utilization of virtual reality for educational purposes.

2 Process Management

At the turn of the 80s and 90s of the last century it became clear that the old way of
managing companies is inadequate under the new conditions. The company can no
longer be organized on the basis of firmly defined organizational structure, where each
employee has a predetermined place, defined responsibilities and relevant authority.
Such management presupposes firmly defined structure, activities and follow up events
and connections; it is the idea of precisely defined and unchanging particular sequence
of activities [4].

Economic and other subjects have to adapt quickly to competitive pressures, they
often have to leave outdated usual work practices and organizational structures.

Today’s organizations are in a situation where they have to have a particularly good
understanding of themselves and their position in the competitive world. This self-
centered approach raises emphasis on monitoring the processes in the organization and
their optimization for the final recipient [5].

The so-called the business process management is starting to be applied as an
approach allowing the organization to react flexibly to the changed external and
internal conditions of its operation. So today’s organizations face a challenging task - a
change in the nature of their functioning.

The basis of a new type of organization is the concept of business processes as a set
of activities that requires one or more inputs and forms an output that represents a value
for the customer [6].

The advent of process management is closely tied to the massive development of
information technology over the last few decades, allowing management of activities to
the level of business processes. The existing management methods and hierarchical
organizational structure of enterprises in the new information age began to seem
inadequate. Process management allows monitoring of the organization from multiple
perspectives than it can be in the case of functional management. Process management
can describe it through implemented activities, can measure, evaluate, change and
adapt them if necessary. Compared to previously used functional management in an
organization, process management makes the workflow more transparent. The
described processes allow for measurement of their performance and scheduling of
resources required to produce a given amount of output. It is possible to monitor reality
and compare it with the plan defined in the description of the process. Customers
become part of the production process and their different requirements can be met more
easily. Workers build a more direct relationship with the customer and their goal is not
to fulfill the command, but to satisfy customer needs. This is also the main priority of
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the participants in the process. In addition, the process management presupposes
teamwork and therefore the chance of better use of workers.

In order to convert elements from the real world into virtual ones, we need to know
these elements thoroughly and consequently we have to be able to reproduce what
works and what is needed for it to work. In connection with an enterprise, this process
is called process management.

Process management describes all activity in an enterprise that is then integrated
into processes that are more sophisticated. Via these processes, the company optimizes
its entire organization in order to be efficient completely not only in partial processes.

A prerequisite for an efficient process management is above all a sufficient level of
knowledge of the organization’s partial processes and setting out the objectives of the
whole enterprise and the system. Only when we know the individual processes in detail
can we see their shortcomings. There are a lot of ways to identify the behavior of
individual processes, but we will focus on modeling and simulation [7].

3 Modeling and Simulation of Hotel Processes

Modeling and simulation serves primarily to illustrate and describe individual pro-
cesses, their structure and, above all, their behavior. All modeling follows specific
methodologies, such as the BPMN methodology. These tools can help to realize
deficiencies in the business. Based on models and simulations, business processes can
be upgraded and optimized at much lower costs than in the real world [7].

Using simulation experiments, the entire model is examined under different con-
ditions and in different states that represent different variants of these systems. These
experiments provided sufficient answers to questions like ‘What would happen if…?’
or ‘How will the model change, if…?’ [3].

During the simulation, it is possible to monitor other things such as:

• Time requirements for individual processes and their activities
• The number of units served or unserved
• Lengths of queues
• The level of use of individual resources and devices [8].

There are a number of modeling tools that help to display business processes easily.
One of the tools is the ARIS Express software application, Free Modeling Software,

which is designed for casual users and beginners. It is focused on the creation and
design of business models, but can also be used in educational systems. The user
interface is intuitive and looks professional [9].

Jan Han of the University Hotel in Prague has already dealt with modeling of hotel
processes. His model contained a description of the hotel reception process of the hotel
reception, see Fig. 1.
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The simulation experiment on behavior of selected processes in a hotel reception
was worked by the Institute of Hospitality Management in Prague with the help of
Simulation System Arena, see Fig. 2.

According to Han, the level of similarity of created process models with reality is
decisive for the validity of the results of individual simulation experiments. Business
systems, and therefore models of hotels and restaurants are stochastic systems, since many
states occur with a certain probability and cannot be 100% determined in advance [3].

Modeling and simulation in some business sectors are commonplace; unfortu-
nately, hotels and gastronomy are still in their infancy despite the fact that these models
prove to be one of the effective ways to improve the quality and efficiency of service
delivery.

3.1 Social Virtual Worlds

This subchapter brings description of simulators that are currently available. There is
also brief historical look back at the development of computer games that simulate the
construction of hotels, virtual worlds and so on.

Koster, an experienced developer of virtual worlds in the 1990s, defines the virtual
world as “a spatial representation of a permanent virtual environment that can be
experienced by many participants at the same time who are represented in avatars.” [10].

Fig. 1. Hotel processes [3]

Fig. 2. Simulation of hotel processes [3]
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However, today’s social virtual worlds are a bit different, they begin to reflect
Stephenson’s metaverse vision, which is defined as a future massive network of
interconnected digital worlds. Several million people already use this type of envi-
ronment for communication, collaboration, or business [11].

Since then, virtual worlds have evolved into sophisticated 3D interactive systems
such as massively multiplayer online role-playing games (MMORPGs) through which
millions of people chat, collaborate and compete with each other through their avatars.

Second Life
One of the best examples of the development of Stephenson´s metaverse concept is
Second Life (www.secondlife.com). Second Life experts have enabled users to build
and personalize their avatars, private virtual premises (land) and objects (houses and
clothing) through a powerful and easy-to-use interface.

Second Life’s population grew from 64 acres in 2003 to 65,000 acres today and
from 2 million in 2006 to more than 9 million today. This world can be virtual, but
money is real. There are companies and banks that advertise and sell real products and
services, by creating virtual stores or by entering a link inside.

Second Life has its traditional web sites. Similarly, it is also true for some uni-
versities and teachers where they mediate their lectures and courses in Second Life
virtual environments. [12] (Figs. 3, 4 and 5).

Hotel Simulators - Computer Games
There are plenty of online and offline hotel simulators. Their main task is the creation
of a dream hotel, according to the idea of an individual. These are the simulators, which
are intended mainly for the entertainment and leisure than to have a certain amount of
value added.

The most popular game is Hotel Habbo. This game was founded in 2000 and has
grown every month so that every month is housed five million unique visitors in a total

Fig. 3. Second Life

132 P. Poulova et al.

http://www.secondlife.com


of 32 portals country-specific. Hotel Habbo therefore remains one of the most popular
SVWs for young people. According to Sulake, a Finnish platform provider, 90% of its
users are between 13 and 18 years of age [13].

The fundamental difference from Second Life is its environment. Running on a web
browser, its environment “resembles a huge contemporary western interior, which is
presented in three-dimensional graphics of isometric ‘retro style’ and surrounds block
avatars, each of which controlled by a user” [14].

In other words, Habbo avatars do not resemble human beings, but they look more
like cartoon characters. Habbo Hotel aims to provide young users with a safe and
friendly environment; therefore, activities that are located in Second Life, such as
cyber-violence, gambling or sex, are forbidden. Additionally, users remain anonymous
in Habbo; disclosure of identity or contact information within the platform is prohib-
ited; it is mediated by the operator [13].

4 Virtual Environment and Education

Simulation as a method is used not only for innovation and for optimization of business
processes, but has proven itself in education and human resource development. Cur-
rently, there are some schools and educational institutions around the world providing
the opportunity to attend part of the training courses using simulation games, or
adoption of business process optimization through simulation experiments [3].

Virtual museum can be example. Current technologies allow external presentation
of objects such as museums or other outdoor sites and attractions. Their tour can be
conveyed remotely, for example from another state.

Fig. 4. Habbo Hotel
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Many of the world’s museums are performing interactive trends; their internet
presentations provide a virtual interactive presentation of exhibits and electronic
communication, beside up-to-date information enticing visitors on their activities.

In this context, we can mention, for example, the Virtual Egyptian Antiquity
Museum (The Virtual Egyptian Antiquity Museum – accessible from http://www.
touregypt.net/museum) or a virtual tour of the Lascaux Cave in France (http://archeol
ogie.culture.fr/lascaux/fr#/en/00.xm).

Another example can be Investment games.
We use some example of such a game in the teaching of economics at our faculty.

Students have no experience with investing on the stock exchange and over the counter
markets and they would like to get improved in this area.

The actual evaluation of individual investment competitions was conducted via
decision support system, specifically in the program Criterium Decision Plus version
3.0. [15] As one of the criteria for evaluation it is also possible to use SMART
technology, which is being used by investors when monitoring the development of the
financial market and making trades [16].

5 Conclusion

Virtual Reality is a technology that enables a user to interact with a simulated envi-
ronment. Virtual reality technologies create the illusion of the real world (e.g., combat
training, piloting, learning or the fictional world of computer games).

It is a visual, auditory, tactile or other experience creating a subjective impression
of reality using computer imaging equipment, special audiovisual helmets, glasses, etc.
motion sensing, and stimulating touch or other techniques evoking perception and
sensation.

Fig. 5. Cave Lascaux
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Sooraj et al. researched differences in ability to acquire skills through tablets and
virtual reality in their study [17]. It was researched whether students had learned and
memorized more components using a tablet or virtual reality. After completing the
“lesson”, everything was tested on a real motorcycle. The results were unambiguous;
the participants who learned through the virtual reality achieved much better results
than the students who watched the teaching material on tablets only.

Our team now prepare Virtual Hotel Process Simulator which combines computer
games and virtual reality. The simulator is trying to show the operation of the hotel
from the employee perspective; the user passes as manager, receptionist, etc., so there
is possibility to look and map the whole situation.
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Abstract. In the academic year of 2017, the fourth year pharmacy students
were assigned to gather herbal microscopic information of 6 unknown herbs
using the developed web-based tool on the Plant Histology and Identification of
Plant-powdered Drugs. Microscopic photos were uploaded into the system and
used as reference pictures for identifying the powdered medicines. The content
was created and adapted by students, teachers and a voting mechanism of the
system. Information of microscopic images could be accessed by students. This
blended learning gave students the opportunity to select the learning methods
that best suited their own preferences, traditional method, a new method or both.
Furthermore, we analyzed the students’ satisfaction and opinions of the tool.
The results showed the students were satisfied with the content development and
thought the tool was useful for microscopic learning. With this system, the
content will be dynamically developed by students, teachers and the system.

Keywords: Microscopic herbal powdered drugs � Herb identification �
Adaptive content

1 Introduction

Pharmacognosy is one of the subjects for pharmacy students. The subject is linking
crude drugs of natural origin, such as plants, animals, or minerals, and their chemical
compounds which contain pharmacological activities. The subject includes authenti-
cation and quality control of herbal drugs, from raw materials of plants until herbal
finished products [1]. The contents of quality controls of herbal drugs are followed by
the methods in pharmacopoeias [2–4]. To authenticate herbal drugs, macroscopic and
microscopic examinations of herbal drugs are necessary. In Thailand, sometimes herbal
drugs are sold on the market in their powdered form. The microscopic examination is a
crucial method to identify the herbal powdered drugs [4].

To identify the herbal powdered drugs using the microscopic method, the pharma-
cy students need to learn the theory of histology and need to practice in the laboratory
classes. In the Faculty of Pharmacy, Silpakorn University, the microscopic exami-
nation was set in the Pharmacognosy laboratory on the topic of Plant Histology and
Identification of Plant-powdered Drugs. The traditional way to learn this topic is for
students to be assigned to identify the unknown powdered drugs using the black and
white drawing pictures from textbooks as the references [4, 5]. The problem is that the
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black and white drawings could not show the real characteristics of the cells or tissues,
and the unclear drawings made the students misunderstand.

The information technology (IT) has a key role in all fields including education. In
pharmacy school, the technology was implemented to support the students learning [6].
A mix of traditional classroom-based learning and information technology tools are
often found and is called blended learning. One of the more effective IT tools is
designed in a web-based format. Students can access the website from wherever and
whenever they want. This makes the web-based format a good platform for blended
learning. Also the websites could apply to support collaborative learning, it depends on
the teachers’ objectives and learning plans. Creating content for blended learning
involves several components: once content is developed, it must be managed, deliv-
ered, and standardized. In this paper, we present the process to develop content for
blended learning of the microscopic method in herbal powdered drugs. The content we
developed in this work is adaptive content created by students, teachers and the voting
mechanism of the system. The content was delivered to the students using a web-based
tool. The blended learning classroom of the microscopic method in herbal powdered
drugs was implemented and was able to solve the problems we found in the traditional
way of study.

2 Learning About Herbal Medicines in Pharmacy
Curriculum

In the Faculty of Pharmacy, Silpakorn University, the subjects involved in herbal
medicines were designed for the second year, third year and fourth year pharmacy
students. The second year students have to learn about the macroscopic examination of
herbal drugs, both the whole fresh plants and crude drugs. They were expected to
identify some herbal medicines that are widely used in Thailand. The phytochemistry
related to pharmacological activities were set to the third year pharmacy students.
During the fourth year, the pharmacy students have to learn about quality control for
herbal medicines, both qualitative and quantitative methods. Among the qualitative
methods, microscopic examination of herbal powdered drugs is one of the crucial
methods that is specified in many herbal monographs and pharmacopoeias [2–5]. The
fourth year pharmacy students should have the microscopic examination skill to
authenticate herbal powdered drugs.

Traditional way of learning microscopic method in Pharmacy Course is only face-
to-face classrooms, i.e. lecture classes and laboratory practice classes. The contents of
the lecture class for the topic of microscopic examination of herbal medicines consists
of the theory of histology, plant tissue and cell types, how to use the microscope, how
to stain tissue, and so on. To authenticate the herbal powdered drugs, the students have
to know the basics of histology, the cell and tissue types that should be found in each
part of the plants. For example, the trichrome, the stomata and guard cells should be
found in leaves, and the pollen grains should be found in flowers and also can be used
to identify the plant species.

The pharmacy students have to practice to use the microscope for herbal drug
identification. The practice classes were divided into 2 laboratories. The first laborato-
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ry, the pharmacy students had to practice to use the microscope for examining the
known samples. The samples consisted of 4 parts of plants, i.e. Senna (Cassia an-
gustifolia) leaves, roots of Rhubarb (Rheum palmatum), Pepper (Piper nigrum) fruits,
and Datura (Datura metel) flowers. All samples represented the tissues and cells of
leaves, roots, fruits and flowers. In the second laboratory, the 6 unknown samples were
randomly identified by students, i.e. cannabis (Cannabis sativa) flowers, leaves of tea
(Camellia sinensis), leaves of Senna alata, saffron (Crocus sativa), Turmeric (Curcuma
longa) rhizomes and roots of Rauwolfia (Rauvolfia serpentina).

The students did the experiments by comparing the tissues and cells they found
under the microscope with the black and white drawing pictures from textbooks and
some pharmacopoeias, such as Thai Herbal Pharmacopoeia as references. Figure 1
shows the example of drawing pictures of the Senna alata similar to the drawings
shown in textbooks. If the students found the related cells as the references, they had to
draw the cells they found in the report. However, there are some problems with this
learning method, such as the reference drawings may not be able to express all details
of the characteristic cells or tissues used for identification. Moreover, the reference
pictures were shown in black and white, while the real samples showed their specific
color under the microscope. These colors are important information used to authenti-
cate the herbal drugs. Sometimes the colors of tissue and cell showed the thickness of
the cell wall, and sometimes the colors indicated the substances in the cells. Further-
more, each herbal powdered sample has its own characteristic cells that all pharmacy
students should know. Due to the limitation of time, the students could not have the
opportunity to examine all samples. While the teachers expected the students to gain
experience with all samples. To solve these problems, the new way of learning in
microscopic method in herbal powdered drugs was created.

3 Content Development for Blended Learning

Blended learning is a blend of learning techniques to enhance the learning experience.
Blended learning courses should contain between 30% and 79% of online content, with
the remaining portion of the course content delivered by non web-based methods, such
as face-to-face instruction or paper textbooks [7]. Each student requires different
learning methods and has their own preferences. Blended learning programs may mix

Fig. 1. The example drawings of Senna alata leaves in their powdered drug.
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several forms of learning tools, such as real time collaboration software, web-based
courses, and traditional instructor-led training. A combination of face-to-face learning
and online activities is often used in blended learning programs [8].

Content comprised all instructional material. To develop engaging blended learning
content, the teacher should have in-depth understanding about the content and also be
able to differentiate between various delivery methods. Content management, such as
all the administrative functions, needed to make the content available to learners.
A learning-management system, for example, is an internet-based software that facil-
itates the delivery and tracking of blended learning. The collaboration tools are used to
improve the learner engagement [9].

4 Adaptive Content Development Using Blended Learning

From the traditional way of learning microscopic method, only the face-to-face
classrooms were used. The students had to compare the cells and tissues they found
under the microscope with the reference drawing photos from textbooks. Also the
students had to draw the pictures of the characteristic cells on the paper and reported to
the teacher. Nowadays digital technology plays an important role in our daily life. The
digital camera was combined with the mobile phone and can be used as equipment in
education. The digital camera which is attached to the mobile phone gives high quality
digital photo files. Instead of drawing the cells or tissues found under the microscope,
taking photos is the best way to collect the microscopic information. They can express
all details such as the layers of tissue or thickness of the cell wall, also the colors of the
cells. The files are easier to copy, edit and share, compared with the hard copy of drawn
pictures.

To solve the problems previously explained, we developed the content for blended
learning in the microscopic method of herbal powdered drugs. In the second laboratory
class, groups of 4–5 students were assigned to authenticate two unknown herbal
powdered drugs randomly. Students had to search for the characteristic cells and tissues
of assigned samples under the microscope, then the photos of the characteristic cells
were taken using digital cameras on their own mobile phones. The digital photos were
gathered together in a web-based tool we created, KUIHerbRx2017. We developed the
web-based tool for blended learning and also supporting students’ collaborative
learning in microscopic of herbal powdered drugs based on our available web-based
resource, KUIHerb. The KUIHerb or the Knowledge Unifying Initiator for Herbal
Information is a web-based tool for knowledge management in herbal information. The
KUIHerb’s users are the people who had experience in herbs and traditional medicines.
However, KUIHerb has some limitation and is not suitable for students’ learning. The
KUIHerbRx was created and used as a web-based tool for the exchange of herbal
information between students and also teachers [10]. The URLs of KUIHerbRx were
not opened to public access. Therefore, the KUIHerbRx was created for supporting the
pharmacy students’ learning of herbal drugs. The tool can be modified to match with
the teachers’ plan and activities depending on the objectives of learning. The
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KUIHerbRx is a useful tool for blended learning and to encourage students’ collabo-
rative learning [11, 12]. KUIHerbRx2017 is a modified version of KUIHerbRx which
contains special tabs to support the students’ learning, such as a products tab and a
microscopic tab. In this work, the microscopic tab was taken into account. This
microscopic tab was designed to upload the microscopic photos taken by the students
in the laboratory class, the keywords and the contributors were also added. The other
students could then access the web-based tool to study the microscopic information
easily by themselves. The web page of Curcuma longa and the microscopic tab in
KUIHerbRx2017 was shown in Figs. 2 and 3., respectively.

The tool was also designed to support collaborative learning among the students.
Students were encouraged to share the knowledge of their particular sample set with
others. The characteristic cells or tissues found under the microscope by the students
were then inspected by the teachers, then the photos were taken. The microscopic
information of all unknown herbal powdered drugs was examined again by the
instructors after uploading to the website as a database contributed by the students as
part of the exercise. The students were also assigned to create their report in digital file
format, which contained the photos taken by each group of students. The students were
expected to integrate the microscopic information they found and summarized which
the unknown samples were. The report was then sent to the teacher via email.

Fig. 2. The web page of Curcuma longa in KUIHerbRx2017 showed special tabs; products and
microscopic tab.
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For adaptive content development, a microscopic content module was constructed.
Thismodulewas composed of amicroscopic tab, a page for editing content, and a page for
presenting content. These pages started off with no content. Beginning with the unknown
A, students had to find the characteristic cells or tissues under the microscope. After the
cells or tissues were examined by teachers, students could take their photographs with
their mobile phones. When the students got enough information to conclude which plant
the unknown A was, those photos were uploaded to the microscopic tab of each plant.
After images were uploaded into the KUIHerbRx2017, the teacher had to check all
microscopic information of each plant. Some incorrect information, such as the wrong
conclusion, and/or unacceptable images, i.e. unclear/blurry images, including their
keywords might be uploaded, these could be deleted from the system. Note that all plants
used in an experiment were distributed to all groups as thefirst set of unknowns (unknown
A).When students examined the unknown B, they could compare their photographs with
contributed images in the KUIHerbRx2017 from unknown A. With the voting mecha-
nism in the KUIHerbRx2017, popular images wouldmove to the top of the page based on
a number of clicks, these are assumed to be sets of high-quality images. It should be easier
for students to compare their photographs with high quality microscopic images in the
system. The content of microscopic images, keywords and suggestions were dynamically
improved. The adaptive content of microscopic information of powdered drugs is useful
for supporting the learning of herbalmedicine. The comparison of traditional learning and
our proposed learning methods is presented in Table 1.

When the content was developed on the web-based tool, the personalized learning
could be implemented. The students who needed to improve their skill in microscopic
method for herbal drug identification could practice more by themselves. Two factors
could be customized, i.e., samples and references. For samples, they could select any

Fig. 3. The microscopic tab of Curcuma longa in KUIHerbRX2017 showed the microscopic
photos were taken and uploaded by the students.
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kinds of samples, i.e., no sample, known samples or unknown samples. The number of
samples they used might be varied. In term of references, the textbooks, the KUI-
HerbRx2017 or both could be applied. Moreover, a review of the lesson is supported
by the KUIHerbRx2017 whenever and wherever. This personalized learning is based
on each student’s interests, available time, and skills.

5 Setting, Learning Design and Evaluation

The modified KUIHerbRx with the microscopic tab was set up in the academic year
2017. The content development topic was used with 172 of the fourth year pharmacy
students, academic year 2017 in the Plant Histology and Identification of Plant-
powdered Drugs laboratory class with unknown samples. Groups of students with 4 or
5 students each could access the KUIHerbRx2017 website using the user names and
passwords given by the administrator. The 6 kinds of unknown samples, cannabis
(Cannabis sativa) flowers, leaves of tea (Camellia sinensis), leaves of Senna alata,
saffron (Crocus sativa), Turmeric (Curcuma longa) rhizomes and roots of Rauwolfia
(Rauvolfia serpentina), were labeled as 1, 2, 3, 4, 5 and 6 respectively. Each group was
assigned 2 samples out of a possible 6 marked as “Unknown A” and “Unknown B”.
These samples were randomized to each group. Every group of students was assigned
to examine the unknown A first. After they uploaded the photos of unknown A to the
KUIHerbRx2017, then unknown B could be examined.

To examine the unknown A, the traditional way of learning explained previously was
used. The tissues or cells that were found under the microscope were compared to the black
andwhite drawing pictures in textbooks. To examine unknownB, the tissues and cells found
under themicroscope could be comparedwith the photos of unknownAuploaded to the tool
and/or from the textbooks as references. Each student could customize the sources of ref-
erence they wanted to use, the web-based form or textbook form or both, depends on how
they learned best. This is a part of personalized learning.At the end of the class,we evaluated
the students’ satisfaction and opinions about the web-based tool using the questionnaire.

Table 1. Comparison of the traditional learning and the proposed method.

Topic Traditional method Proposed method

Using blended
learning

No Yes

References Drawings in textbooks Uploaded photos by students
Picture characteristics Black and white drawings Multi-color photographs taken from a

mobile phone
Collaboration and
share

Intra-group Intra- and Inter-groups

Lesson review Difficult to review Easy to review, anytime and anywhere
Information of herbs Only for herb identification

with microscopic method
Information of herbs from the
KUIHerbRx2017

Content Static content based on
textbooks

Adaptive content based on students’
upload pictures and information
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The assigned report of each group of students had to be sent to the teacher within a
week after the laboratory class. The photos taken by students in each group were exam-
ined. The students had to show their ability to integrate the microscopic information and
that they could conclude the knowledge they had studied from this blended classroom.

The process design for content development for blended learning in microscopic
examination of herbal powdered drugs was shown in Fig. 4. The available web-based
tool, KUIHerb, was modified and used as the platform for blended learning called
KUIHerbRx2017. The modified website contained a special module called the micro-
scopic content module which is used for uploading the microscopic information by
students. Themicroscopic contentmodule consists of images, keywords, contributors and
suggestions. The microscopic photos were uploaded to the image area. The keyword was
the detail of each image, including the magnification power. The contributors showed the
ID of the student who uploads the photo. Any comments or suggestions could be added to
the suggestion area. The activities were designed for the students to create content on their
own, that is themicroscopic information. The content obtained from the students had to be
screened by the teachers, then added to the system.The uploadedmicroscopic information
was examined again by instructors for quality control. In case there were some mistakes,
such as the informationwas uploaded to thewrong plant, the informationwas deleted. The
students were encouraged to contribute to the assignment of their particular sample set
with others. Then the other students could use the content in their learning. Evaluations of
students’ satisfaction and their opinions were done after the class. The students’ learning
outcome was assessed through the assignment and the report by the teachers.

6 Results and Discussions

6.1 Evaluation of Students’ Satisfaction Using the Questionnaire

The questionnaire was given to the students to evaluate the students’ satisfaction and
opinions of the tool we used. The questionnaire consisted of 2 sentences with the 5 levels
Likert scale. Thenumber5 to 1were referred to as “DefinitelyAgree”, “Agree”, “Uncertain”,
“Disagree” and “Definitely Disagree”, respectively. The students who answered the ques-
tionnaire made up 78.49% of the class. The result of the evaluation was shown in Table 2.

The average scores in all topics were higher than 4, showing the students were
satisfied to use the KUIHerbRx2017 for learning microscopic method in herbal pow-
dered drugs and for collaborative learning in this topic. Some students also gave extra
opinions that can be concluded:

• The KUIHerbRx2017 is user friendly.
• The tool is useful for students because students can search for other information, not

only microscopic photos.
• The information in KUIHerbRx2017 is very useful, and will be more useful if the

information could be shared in public.
• The photos should be approved by teachers before uploading to prevent incorrect

information.
• Sometimes the uploaded photos were lost.
• The URLs were difficult to access.
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6.2 Evaluation of Students’ Collaboration and Learning Outcomes

The microscopic photos uploaded to KUIHerbRx2017 were evaluated by teachers. The
photos uploaded to the KUIHerbRx2017 which show the characteristic cells and tissues

Fig. 4. The process of content development for blended learning in microscopic examination of
herbal powdered drugs.

Table 2. The results from questionnaires.

Topics for evaluation Mean ± SD

Satisfaction of KUIHerbRx2017 4.16 ± 0.08
KUIHerbRx2017 is useful for microscopic learning 4.28 ± 0.18
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are selected for use as references for authenticating the herbal powdered drugs for
others. The examples of some characteristic cells were shown in Fig. 5.

The KUIHerbRx2017 was used as a platform for collaborative learning. The students
had to find the characteristic cells or tissues for each sample under the microscope. The
cells were checked under the microscope by the teachers to prevent students’ misun-
derstanding. The microscopic photos of these cells or tissues were taken and shared with
other students by uploading to the microscopic tab on KUIHerbRx2017 website. These
were then checked again by teachers for quality control. Once uploaded theywere used as
the reference photos by other groups. This is the opportunity for studentswho did not have
a chance to examine those unknown samples by themselves to study the other unknown
powdered drugs. The number of images contributed to KUIHerbRx2017 was shown in
Table 3. The numbers of deleted images were also reported. These images were filtered
out due to incorrect, unclear, and incomplete images.

The students had to observe the powdered drugs using the organoleptic methods,
such as the color of the powder, characteristic smell, then combined with the charac-
teristic cells and tissues they found under the microscope in each unknown powdered
drug. The unknown powdered drugs were identified using the information they found.
The students had to conclude which the unknown samples were and reported what they
had learned from this class. The report was sent to the teachers via email. The results
from the students’ report showed that they have the ability to integrate the knowledge
from both organoleptic methods and microscopic information of unknown herbal drugs
and could summarize the knowledge they had learned from the class.

Fig. 5. The microscopic photos were uploaded to the KUIHerbRx2017 by the students; (A) The
Idioblast cell from Tea leaves, (B) Cannabis Trichrome, (C) Trichrome of Senna alata leave and
(D) Pollen grain of Saffron.
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7 Conclusion and Future Works

The adaptive content development for blended learning in the microscopic method of
herbal drugs was designed to use the web-based tool to be a platform for blended
learning. The available web-based tool, KUIHerb, was modified to be used as a
blended learning tool called KUIHerbRx2017. The website was modified to contain a
special module called the microscopic content module which is used for uploading the
microscopic information by students. The microscopic content module consists of
images, keywords, contributors and suggestions. The microscopic photos were
uploaded to the image area. The keyword was the detail of each image, including the
magnification power. The contributors showed the ID of the student who uploads the
photo. Any comments or suggestions could be added to the suggestion area. All of the
microscopic information was created and adapted dynamically by the teachers and
students’ collaboration. Also, popular photos, measured by clicking on “Zoom Image”,
were moved up the ranking to allow easier access. This was done by the voting
mechanism in the KUIHerbRx2017.

The adaptive content development supported microscopic learning. The students
could use the microscopic information uploaded to KUIHerbRx2017 as the reference to
authenticate the unknown herbal powdered drugs instead of black and white drawings
from textbooks. However, the students could select the method of learning that is best
suited for them. This is a part of personalized learning that allows them to tailor their
experience. Moreover, not only in the microscopic photos, but the other herbal
information in the KUIHerbRx2017 is also useful for learning about herbal medicine.

From the evaluation results, most students were satisfied to use the KUI-
HerbRx2017 to support their learning about herbal medicine. There are still some
issues with the KUIHerbRx2017, but these will be patched and fixed soon. We plan to
use the fixed web-based tool as a reference database for learning microscopic method in
academic year 2018. The microscopic database established in KUIHerbRx2017 is very
useful information to authenticate the herbal powdered drugs. The database can be
developed and used as a public database to identify other herbal powdered drugs in the
future.

Acknowledgments. This work was partially supported by Instructional Innovation Develop-
ment Project, Silpakorn University (2018).

Table 3. The numbers of images contributed to the KUIHerbRx2017.

Herb # Presented Images # Deleted images # Groups

Rauvolfia serpentina 39 9 9
Curcuma longa 15 2 6
Senna alata 51 11 12
Cannabis sativa 20 5 8
Camellia sinensis 34 6 7
Crocus sativa 39 11 12
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Abstract. Despite constant criticism on lectures as didactic instruments, they
remain the most common form of teaching [11]. Due to the rising need for
flexibility in the learning process, lecture recordings are seen as a possibility to
capture this demand. This paper presents an empirical study conducted at the
University of Bamberg, Germany, and a literature review that evaluated main
requirements for a lecture recording solution in the specific blended learning
scenario at the faculty of Information Systems and Applied Computer Sciences
at the University of Bamberg. Additionally, possible recording and distribution
solutions have been analyzed. The results have been captured in a summarizing
recommendation for the specific case at the University of Bamberg.

Keywords: Blended learning � Lecture recordings � Requirements

1 Motivation and Introduction

Today’s society lives in a world of constant change. Within the growing digitization of
our lifes, the process of learning happens more and more independent from time and
place [3, p. 53]. Therefore, flexible learning scenarios seem to play a major role in
today’s modern society. This change poses main challenges for universities. Mastering
these challenges can be important to match up in a digitized world [20, p. 102].
In contrast, e-learning at universities itself has been in process for over 20 years [20,
p. 104]. New media is used for planning and preparing lessons, but lesser for imparting
content [7, p. 57f.]. As one option in this direction lecture recordings are frequently
used at universities. In relation to the need of flexibility in the learning process, lecture
recordings can capture the demand for flexible learning [22, p. 210]. At the faculty of
Information Systems and Applied Computer Sciences (IS & ACS) at the University of
Bamberg, only a few chairs use this digitized form of teaching. As the chairs have
different approaches and settings of their lecture recordings, introducing a standardized
solution would facilitate the maintenance for the lecturers and the ease of use for
students.

The following paper presents the results of a research study at the Chair of Media
Informatics at the University of Bamberg. Main goal of this study was to identify
specific requirements for lecture recording systems in a blended learning scenario as
well as presenting and analyzing some possible capture and distribution solutions. The
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priority of this paper is to present the main results of the requirements analysis. In the
beginning, a short summary of the background and related work is presented. Subse-
quently a literature review in Sect. 3 and the presentation of an empirical study at the
University of Bamberg in Sect. 4 form the requirements analysis. In Sects. 5 and 6 a
short summary of the investigated recording and distribution solutions is given. The
resulting recommendation for the IS & ACS faculty and the University of Bamberg is
presented in Sect. 7.

2 Background and Related Work

In the following, the lecture itself, its recording as well as the advantages and disad-
vantages of lecture recordings will be described more concretely. Despite constant
criticism on lectures as didactic instruments, they remain the most common form of
teaching [11].1 The main reason is the possibility to communicate knowledge efficiently
and economically [4, p. 603]. Furthermore, the lecture represents the personality of the
lecturer better than a book [10, p. 42]. More concretely, the credibility and the moti-
vation of the lecturer play an important role in the learning process [18, p. 500f.]. With
regard to digitization, the lecture is particularly well suited for recording and making it
available on the Internet compared to other forms of teaching at the university [12, p. 7].

The term lecture recording can be defined in many ways. Demetriadis and Pombortis
[2, p. 147] for example differentiate strictly between e-lectures and live-digitized-lectures,
whereas Glowalla [4, p. 606] uses amore open definition. In this paper, lecture recordings
are defined as video-recordings of a lecturer’s lesson independent from the place of the
recording that is provided to the students [19, p. 13]. From a didactic perspective, the idea
of lecture recordings is to give the students the possibility to use the video of the lecture to
review the lecture and prepare for the exam [6, p. 63]. In a logfile analysis, Zupancic and
Horz [24] have found that, especially during the audit period, the number of uses of the
recordings rises. Both the revision and the preparation for the exam are good examples for
the flexibility that lecture recordings provide. There are a few other reasons why this
flexibility is needed. From the lecturer’s perspective, lecture recordings can compensate
the lecturer’s occasional absence during illness or professional travel [15, p. 81]. From the
student’s perspective, lecture recordings enable him or her to study even in case of illness,
long distance to the university, and in life situations that make it difficult to study in a
regular way [21, p. 236]. Moreover, lecture recordings can be a solution for universities
comprising locations scattered all over a city [21, p. 236].

In general, lecture recordings are seen as a noticeable relief in everyday study life for
students and lecturers [21, p. 240] [22, p. 214f.]. This can be confirmed by the desire for
a higher supply of lecture recordings [22, p. 214f.]. However, there are some negative
aspects in the use of lecture recordings. One of the main critical points is the lack of
interaction with the lecturer [15, p. 86]. Students do not see the relevance to ask
questions if a lecture is recorded [21, p. 236]. Another common problem is reduced

1 Already in 1902 Paulsen [16, p.237f.] reported that the lecture was criticized in its role as the
dominant form of teaching in higher education.

152 T. Hirmer and A. Henrich



attendance when recordings are available for a lecture [13, p. 35] [23, p. 200]. This is
only one fear that lecturers have about the use of lecture recordings. The handling of new
software and hardware can be perceived as a burden, copyright and intellectual property
lead to legally unclear situations and comparison with other lecturers is regarded as a
concern [1, p. 80]. All these aspects indicate possible hurdles in the establishment of
lecture recordings. Since the lecturers can be seen as critical stakeholders for the
establishment of lecture recordings at a university due to the worries and the resulting
acceptance hurdles, appropriate measures should be taken with this group [6, p. 69].

So far, the key terms as well as the main benefits and disadvantages of lecture
recordings were described. Based on this, relevant functions of a system for recording
lectures will be presented in the following section.

3 Literature Review

This section summarizes a literature review on important functions of lecture record-
ings. These requirements will be compared with the results of the conducted empirical
study later in this paper.

In principle, a lecture recording should provide the same information as the
classroom lecture. This includes, among other things, that the lecturer is both audible
and visible [4, p. 605]. A lecture recording should therefore at least ensure the
speaker’s voice and a recording of the script [13, p. 27]. The addition of a video is
controversially discussed in the literature. While the higher (personnel) costs and the
restriction of the lecturer’s freedom of movement have to be accepted [13, p. 27], the
recording of the lecturer offers significant advantages. With a video recording of the
lecturer, the majority of students rate their work with the lecture recording as more
effective than attending the lecture [4, p. 612]. Similar evidence can be found for the
concentration in learning [4, p. 612f.]. A “talking head” also leads to a higher com-
mitment of the students [5, p. 45].

An important feature of lecture recordings is the possibility to take notes. Adding
own notes as well as seeing the lecturer’s notes are both rated as important features of a
lecture recording from the student’s perspective [8, p. 45f.]. In addition, students
should be able to use keywords to selectively navigate to specific parts of the recording
in order to recapitulate selected topics [4, p. 605]. As mentioned in the previous
section, lecture recordings are frequently used to prepare for the exam. In this case, the
search and navigation with specific keywords is a highly relevant feature. Another
function desired by students is the adjustment of the playback speed, to improve the
understanding of the content [8, p. 49]. Thus students can independently deal with a
lecture at their own learning pace [15, p. 81] [6, p. 73]. As a result, students can take
individual breaks in case of attention difficulties without missing any content [6, p. 72].

As mentioned in the previous sections, lecture recordings are criticized because of
the missing social aspect. Therefore, forms of social interaction can be relevant for
lecture recordings. Possible solutions might be, for example, a feedback channel to the
lecturer via e-mail, the exchange between students through discussion forums or a chat
function [14, p. 7]. However, lecture recordings are not intended to be a communi-
cation or interaction medium, but merely an information instrument [15, p. 86].
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In general, central elements regarding the acceptance of a software are its perceived
usability and ease of use [6, p. 64]. Therefore, these elements should also be considered
in the context of possible lecture recording solutions. Another important factor is the
deployment of the lecture recordings. Lampi et al. [13, p. 29] demand a fast availability
of the recordings. More specifically, a period between 4 and 24 h can be assumed [21,
p. 237]. In addition, the software should support the interactive elements of a lecture as
well as enable a simple preparation and integration into the learning management
system [13, p. 29]. For optimal video length, Guo et al. [5, p. 44] recommend to divide
the video into small parts of less than six minutes, due to the result, that the engagement
has decreased with increasing video duration. From a didactic point of view, it would
therefore be conceivable to divide the lecture recordings into smaller parts.

4 Empirical Study at the University of Bamberg

Two separate online surveys were conducted to evaluate the main requirements for a
lecture recording system from the perspective of the students and the lecturers. The
structure of the questionnaire was based on the functions from the literature review as
well as on the questionnaires of Rohs and Streule [17] and Höver et al. [9]. 10 lecturers
and 143 students from the faculty of IS & ACS participated in the online surveys.
Correspondingly, 8.4% of the students at the IS & ACS faculty took part in the online
survey. The students were able to participate in the online survey in July 2018 for about
three weeks. Regarding the online survey for the lecturers, 16 lecturers received a
personal invitation via e-mail. The participation on the online survey was restricted to
the professors and their temporary lecturers because these two groups hold the lectures.
The lecturers were able to participate in the online survey in July and August 2018 for
about four weeks. Following the survey, the lecturers had the possibility to attend a
separate interview. Hence, three lecturers were interviewed. The main results of the
surveys and interviews will be presented hereafter.

To evaluate the relevance of lecture recordings at the University of Bamberg,
students and lecturers were asked to rate the supply and demand of lecture recordings
in general. Therefore, both groups were confronted with items (statements) which they
had to evaluate on a scale from 1 (do not agree at all) to 5 (fully agree). The students
rated the sufficient supply of lecture recordings with a mean of 1.76, a median of 2 and
a standard deviation (SD) of 0.878. Half of the lecturers did not see a sufficient supply
of lecture recordings (1.0) whereas the other half did not answer this question.
A similar result can be seen in the demand for lecture recordings. For the students a
scale over four items showed a mean of 4.3, a median of 4.5 and a SD of 0.7. The
results of the lecturers are a bit lower. There a scale over three items was rated with a
mean of 3.2, a median of 3.33 and a SD of 1.433. These results support the high
demand for lecture recordings described in the literature analysis. In the specific case of
the IS & ACS faculty of the University of Bamberg the results indicate that there is a
major demand and a significant relevance for the use of lecture recordings.

Furthermore, the lecturers were asked about their hopes and fears regarding lecture
recordings. Most lecturers have the hope that lecture recordings enable a flexible
learning for the students and that they will understand the contents of the lecture better.

154 T. Hirmer and A. Henrich



The most common fear is that students will be absent due to the recording of the lecture.
Three lecturers have also selected data protection problems and legal vulnerability due
to errors in content. These fears coincide with the descriptions in Sect. 3. These aspects
will be considered in the concluding recommendation at the end of this paper.

The central aim of the empirical study was to evaluate the main requirements of a
lecture recording system. The following paragraphs will present the relevant results,
beginning with the core functions from students’ and lecturers’ point of view. There-
fore, Table 1 shows the comparison of relevant functions from the users’ view between
the students and lecturers.

Interpreting the table, it becomes clear that both lecturers and students rate the same
five functions as important or very important. Only the order is different. Some of the
evaluated functions were already discussed in the literature review. The table of con-
tents with navigation and the search options are needed to enable the students to
navigate to specific parts of a lecture and search for specific content. The adjustment of
the playback speed helps the students to learn in their own pace. The video of the
lecturer has also been discussed previously. The results indicate that for the realization
of lecture recordings at the University of Bamberg, a video recording of the lecturers
should be integrated into the recording. Both lecturers and students voted it as
important. The SD of these five functions is about 1, except for the adjustment of the
playback speed by the students and the download option by the teachers. With the help
of this overview, it is also possible to exclude some requirements for the implemen-
tation at the University of Bamberg. The creation of notes and a direct possibility for
social interaction do not seem to be relevant for students and lecturers. Another
question for the students showed, that only one in three students asks questions in a
lecture. Students were also asked how often they take notes during a lecture. The

Table 1. Rated features of lecture recordings from the users’ perspective (sorted with respect to
the student rating; 1 = “not important at all” to 5 = “very important”).

Function Student Lecturers
Mean Median SD Mean Median SD

Download option 4.14 5 1.195 3.78 5 1.716
Table of contents with navigation 3.98 4 1.087 4.11 5 1.054
Adjusting the playback speed 3.89 4 1.418 4.29 5 0.951
Video of the lecturer 3.88 4 1.080 4.11 5 1.167
Search option 3.65 4 1.125 4.22 4 0.833
Creating notes 3.05 3 1.435 2.78 2 1.716
Save and export notes 2.98 3 1.395 2.38 2 1.685
Leave questions for lecturers 2.89 3 1.256 2.88 3 1.458
Leave questions for other students 2.37 2 1.186 3.5 3.5 1.309
Subtitle 2.23 2 1.232 3.33 3 1.323
Chat to discuss with other students 2.14 2 1.141 3.0 3 1.414
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majority of students just rarely or sometimes take notes. These results verify the less
valued functions in Table 1. However, these aspects have been seen as relevant in the
literature review in Sect. 3. The results of this empiric study indicate, that for the
specific blended learning scenario at the IS & ACS faculty of the University of
Bamberg, these functions might not be relevant. Subtitles seem irrelevant, too. How-
ever, the relevance should be discussed. Comparing the answers from students and
lecturers, the different opinions regarding subtitles’ importance might arise from the
structure of this empiric study. The online survey was only available in German.
International students therefore probably did not participate in this study. However, a
subtitle might be particularly relevant for this group.

Additionally, lecturers were asked about the important functions of a lecture
recording system from the producer’s point of view. Table 2 shows the results. Like in
the previous section, the highest valued functions (with a mean of more than 3.5 and a
median of at least 4) were integrated into the list of requirements. Some of these points
have also been verified by the interviews discussed later in this paper. Even though the
integration of interactive elements is less valued, it will be integrated into the list of
requirements because of the results of the interviews. In comparison to the literature
review, especially the possibility to directly upload the recorded lectures into the
learning management system is rated as important. This result indicates that for the case
of the University of Bamberg, there is a need for a possible recording or distribution
solution to enable this feature for the used learning management system Moodle.
The SD reveals that the lecturers sometimes had very different opinions. The export to
common file formats, the automated post-processing and the mentioned direct upload
to the learning management system all have a SD of more than 1.3. This fact leads to a
less important role of these functions.

Besides these functions, the survey also evaluated the time of provision, the length
of a lecture recording and the used devices from the students’ perspective. At the time

Table 2. Rated functions of lecture recordings from the producer’s view.

Function Mean Median SD

Simple and time-saving recording function 4.78 5 0.667
Recording system independent from presentation computer 4.63 5 1.061
Export to common file formats (e.g. AVI, MPEG4, MP4) 4.56 5 1.333
Integration of a lecturer video 4.56 5 0.726
Automated post-processing/cutting 4.00 4 1.323
Direct upload to learning management system (e.g. Moodle) 3.89 5 1.537
Recording of multiple screens 3.67 3 1.323
Recording with multiple cameras 3.56 3 0.882
Placement of annotations 3.33 4 1.414
Recording of public questions 2.89 3 1.537
Integration of interactive elements (e.g. Quiz) 2.89 3 1.537
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of provision, the majority of the students have opted for an availability of the lecture
recordings within a few days (74 mentions) or hours (49) after the face-to-face lecture.
In combination with the knowledge of Sect. 3, this seems to be an appropriate period of
time to provide a lecture recording.

The major part of the students prefer a length of 60–90 min for a recording
(42.7%) followed by a 31–45 min recording (28%). In contrast to the recommendation
of Guo, Kim and Rubin [5, p. 44] to shorten the video, this result implies to remain
with the classical lecture length for a recording. Among the used devices, laptops
predominate with 93%. Slightly more than half of the students (58.7%) use a desktop
PCs to watch recorded lectures. 33.6% of the students use a tablet and 29.4% use their
mobile phone to watch a lecture recording. Since about one third of the students uses
mobile devices, it becomes clear that a lecture recording should be optimized for these
devices, too.

At last, the results of the interviews are presented. For a more structured presen-
tation, the results are differentiated between technical and organizational requirements.
The technical requirements are relevant for the list of requirements at the end of this
section. The organizational requirements will later be applied when formulating an
implementation recommendation for the IS & ACS faculty and the University of
Bamberg. The interviews showed partly dissenting opinions regarding the requirements
of the lecture recording system. Hence, a wish from one lecturer to establish one lecture
recording solution for the whole university seems difficult to realize.

In order to take the different requirements into consideration, previously excluded
aspects are also discussed again if necessary. Despite being rated as less important in
Table 2, the support of interactive elements will be integrated in the list of require-
ments. It might be important for those lecturers, who want to organize their lectures
more interactively. Therefore, a lecture recording system should support this oppor-
tunity. Consequently, the possibility to create simple learning videos independent from
a lecture recording should be supported too. Two of the interviewed lecturers
emphasized stability and user-friendliness as one of the central requirements for the
recording system. In terms of user-friendliness, the focus is not only on a simple
recording function but also on a short set-up time. This is also in line with the previous
results of the survey. As well, there is a clear trend in the amount of the post-
processing. All three lecturers support a solution, which, in the ideal case, would be
completely applicable without post-processing. Especially with this time-consuming
task, the desire for a central support office at the university becomes obvious. Beyond
the technical support, one of the interviewed lecturers sees the need for legal support
from the university in order to prevent anxiety among the lecturers. He sees legal
uncertainties in the publication of recordings as a central hurdle to making lecture
recordings freely available.

Concluding the previously shown results, Table 3 shows the list of requirements for
a lecture recording solution in the specific blended-learning context of the IS & ACS
faculty at the University of Bamberg. To this end, a separation between functional and
non-functional requirements was used.
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5 Consideration of Exemplary Recording Systems

Based on the derived list of requirements in Table 3, four lecture-recording solutions
were analyzed: OBS-Studio, Camtasia, ActivePresenter and Panopto.2

The Open Broadcaster Software (OBS-Studio) is a free and open source software
for video recording.3 OBS-Studio is available for Windows, MacOS and Linux. At the
University of Bamberg, the chair of Privacy and Security in Information Systems uses
this software. The free and open availability of the source code is one big advantage of
OBS-Studio. It is also possible to capture different scenes and switch these within the
recording process. Furthermore, OBS-Studio is a simple and clear recording tool that
enables lecture recordings independent of the presentation computer. However, it
should be noted that this simplicity also means that limited functions have to be
accepted.

Camtasia is a screen-capturing tool, which offers extensive editing options for the
recorded video clips in addition to the recording function.4 Camtasia is offered as a
single or volume license and is available for Windows and MacOS. At the University
of Bamberg the chair of Media Informatics is recording the lectures with Camtasia.
With regard to the functional requirements, especially the comprehensive HTML5-
Player can be evaluated as positive. However, the rather rigid format and the depen-
dence on the presentation computer has to be criticized. Camtasia’s project files are
stored in a proprietary format that does not allow easy processing outside of Camtasia.
In addition, the recording sources are limited to the screen and one camera. It is
therefore not possible to record different scenes and does not allow more than one
camera perspective.

Table 3. List of important requirements for a lecture recording system.

Functional requirements Non-functional requirements

Adjusting the playback speed Fast deployment
Table of contents with navigation Support of mobile devices
Search option Simple recording function
Download option Independence of presentation computer
Video of the lecturer Independence of operating system
Support for interactive elements Automated post-processing
Export to common file formats
Direct upload to learning management
system (e.g. Moodle)
Creation of learning videos

2 Please note that we have evaluated the current versions in 2018 according to our best possibilities.
Errors in the evaluation can therefore not be excluded.

3 https://obsproject.com/ [28.03.2019].
4 https://www.techsmith.com/video-editor.html [28.03.2019].
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ActivePresenter is an e-learning authoring tool that also contains a screen recorder
and a video editor.5 The program is available in three successive variants for Windows
and MacOS: a Free Edition, a Standard Edition and a Pro Edition. The extensive
functions offered by the program allow different application scenarios. However, the
dependency on the presentation computer as well as a proprietary file format can be
listed as points of criticism. An advantage of ActivePresenter is the possibility of
responsive design. In order to use all relevant advantages of ActivePresenter, the Pro
Edition is required.

Panopto is an all-in-one video content management system.6 The program includes
video recording, editing and publishing, as well as an integrated video management
system. The Computing Centre of the University of Bamberg currently has a Panopto
test system at its disposal. In this section, only the video recording and viewing features
will be shortly assessed. The editing, publishing and integrated video management
system will follow in the next section. Panopto contains a separate recorder software and
an extensive video player. The recorder is available for Windows and MacOS. Lecturers
need to install it on their presentation computer and can use it for creating and uploading
the lecture recordings. If technically equipped lecture rooms are offered, Panopto also
enables a recording independent from the presentation computer. Moreover, the lecturer
can control and manage the recording via the browser or the Panopto App. The post-
processing is happening online integrated in the Panopto video management system.
The Panopto player is also integrated into the video platform. It enables most of the
evaluated functional requirements and much more besides. Overall, Panopto is a very
powerful and comprehensive all-in-one solution for creating lecture recordings and
other video content. The functions allow a wide range of application scenarios.

6 Distribution and Presentation Solutions

In Sect. 5, four software solutions for recording lectures were examined and compared.
With the exception of Panopto’s all-in-one solution, the reviewed software were pri-
marily recording solutions. An open point is the distribution and presentation of the
recordings. Therefore, the following section introduces the compared distribution
solutions.

Following on from the previous section, Panopto’s video platform will first be
considered. The video management system of Panopto enables a wide-range of post-
processing options for the recorded lectures. Moreover, interactive content in form of
quizzes can be added. The direct integration of recorded lectures into a learning man-
agement system is supported too. For the University of Bamberg, Moodle is relevant
here. The text editor in Moodle can be used to integrate videos directly from Panopto
with the help of a special button. A small disadvantage remains: The embedded player in
Moodle supports only a part of the comprehensive functions of the Panopto Player.
Furthermore, Panopto offers a wide-ranging analysis of the usage data.

5 https://atomisystems.com/activepresenter/ [28.03.2019].
6 https://www.panopto.com/ [28.03.2019].
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A free counterpart to Panopto is Opencast. Opencast is an open source system for
recording, editing, publishing and managing video content in the academic field.7 The
features of Opencast include all steps involved in creating a recording. Lecture recordings
can be scheduled and automatically recorded via capture agents. Alternatively, self-
recorded lectures can be uploaded. The videos are distributed via the video management
system of Opencast and can be integrated into learning management systems. As an open
source solution, Opencast offers many opportunities but also several hurdles. The open
source code as well as the large and active community offer the possibility to customize
Opencast freely according one’s own needs and to benefit from the experiences of the
community. However, Opencast is also very complex, since the university has to master
the necessary skills for maintenance and operation by itself. With regard to the use for
lecture recordings, Opencast is also convincing because it was created by universities for
precisely this purpose and is therefore optimized for the academic use.

Beyond Panopto and Opencast, two other solutions were discussed: Lecture2Go
and Open edX. Lecture2Go is a platform for the distribution of video recordings
developed by the regional computer centre of the University of Hamburg. The portal
software is available to other educational institutions as open source. Furthermore,
Open edX is a free open source course management system, that is used for the
provision of massive open online courses. In addition to the Open edX Studio for the
creation of courses, the system also includes its own learning management system.
Compared with Opencast and Panopto, Lecture2Go and Open edX have some disad-
vantages that made them less convincing for the use at the University of Bamberg.

7 Recommendations

Concluding the results of the previous sections, this section will summarize them in a
short recommendation for the IS & ACS faculty and the University of Bamberg. This
recommendation consists of three areas: general organizational aspects, comparison of
the recording system and recommendable distribution and presentation solutions.

Organizational Recommendations. The survey of the lecturers showed that a pure
fixation on lecture recordings is not the solution to all problems. More interactive
instructional videos are also desired, which should be taken into account in a potential
software solution to enable a university-wide recording solution. Furthermore, the
demand for technically equipped lecture rooms can be extracted from the interviews.
Equipped lecture rooms would offer the potential for individual recording solutions to
enable a computer-independent recording, as well as being a simple and timesaving
recording option to the lecturer. Both, the statements from the interviews and some of
the results of the online survey, indicate that lecturers want more support from the
university. In comparison to Sect. 3 this might lead to less restraint of the lecturers in
using a lecture recording system. These factors are especially relevant because, as
mentioned earlier, the lecturers are a critical part in establishing a lecture recording
solution at a university.

7 https://opencast.org/ [28.03.2019].
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Recording Software. In Sect. 5, four possible programs for recording lectures were
analyzed. With regard to the IS & ACS faculty in Bamberg, it is difficult to find a
solution acceptable to all lecturers due to the diverse requirements. Considering the
recording program alone, Camtasia is suitable for many recording purposes and offers a
powerful HTML5 player. However, the main drawback is the dependency on the
presentation computer. OBS-Studio, is the only one of the three considered pure
recording programs that allows remote controlled recording. On the contrary, OBS-
Studio is limited with regard to the player functions and the application scenarios and
can only be expanded by a great deal of effort. Panopto as a comprehensive solution
can score here, as both recording variants are possible, but have certain limitations.

Distribution and Presentation. Compared with Opencast and Panopto, Lecture2Go
and Open edX have some disadvantages that made them inappropriate for the use at the
University of Bamberg: Lecture2Go offers only a small community and less functions,
while Open edX is a competitor of the well-used learning management system Moodle,
which indicates that the use at the University of Bamberg might not be advisable.
Opencast and Panopto, however, seem to be possible solutions. Panopto as well as
Opencast fulfill a large part of the evaluated requirements. Both solutions would
therefore be conceivable for the University of Bamberg. Compared to Panopto,
Opencast probably offers more flexibility regarding new features because of the freely
available source code. However, problems would have to be solved either indepen-
dently or with the help of the community. Panopto would be the much simpler solution
because of the support of the provider. There are two possible ways. The decision for a
provider such as Panopto or a recording solution implemented in-house like Opencast
should be based on the strategic orientation of the university.

8 Summary and Future Work

This paper showed the relevant requirements for a recording solution in the specific
context of a blended-learning scenario at the IS & ACS faculty of the University of
Bamberg. Moreover, possible recording and distribution solutions have been discussed
and compared. The results of the study as well as the comparison of the recording and
distribution solutions have been summarized in a recommendation for the University of
Bamberg and the IS & ACS faculty.

The legal discussion regarding lecture recordings as well as financial feasibility of
the recommended aspects remain open. For these topics, an independent consideration
in the context of further work is recommended.
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Abstract. The paper presents results of the research dealing with ICT
instruction conducted within all (i.e. 273) schools for learners with special needs
(SEN) in the Czech Republic. Totally, 882 respondents (511 teachers, 266 class
teachers, 105 teaching assistants) participated in the research. Data were col-
lected via questionnaire consisting of 28 items and requiring open, closed, or
combined types of answers. The questionnaire was sent by e-mail in e-form to
all headmasters of Czech SEN schools and was also available on the social
network Twitter. The questionnaire was anonymous; if double submissions
appeared, one of them was included in the sample only. Collected data provide
detailed information about the sample group (age, gender, qualification, teaching
practice). They are displayed in tables and show results in three fields: (1) ICT
equipment and teachers’ skills in working with PC, notebook, tablet and
interactive board, (2) teachers’ view on what teachers’ and learners’ favourite
ICT are, and (3) teachers’ feedback on the Framework Educational Programme
for SEN schools.
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1 Introduction

Either we agree, or not, e-society is here to stay, and information and communication
technologies (ICT) have become a common part of life. Current children have got used
to having ICT everywhere since the early age, including education. This field is being
under the focus of researchers who observe, analyze, and evaluate the process of ICT-
enhanced instruction from various views. However, much less attention is paid to
learners with special educational needs (SEN). Are the strengths of ICT exploited in
SEN schools? In what way? Are these schools sufficiently equipped with hardware and
software? Are the teachers qualified for teaching SEN learners? Do they know how to
efficiently use ICT for them? Are the SEN learners able to exploit what technologies
can offer them? These were the questions which should be answered in the near future,
identically as they were monitored with learners without special needs.
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Therefore, the main objective of this paper is to introduce research results relating
to the field of ICT at SEN schools in the Czech Republic.

2 Theoretical Background

2.1 SEN Learners

Some educators and experts may propose different definitions and use different ter-
minology. What all of the definitions have in common is Special Educational Needs
refer to learners having learning, physical, and developmental disabilities, behavioural,
emotional, and communication disorders, and learning deficiencies [1, 12]. In this
research, SEN education refers to teaching learners who for intellectual or medical
reasons fall behind with their education when compared to most of their peers. This
means the field of SEN does not include education of gifted learners, or economically
and/or culturally disadvantaged ones.

In the world context, special educational needs schools and programmes are for
children who have disabilities that interfere with learning. These schools provide
support that is not normally provided in general education programmes, i.e. they tailor
learning to address each child’s unique combination of needs. Adaptations are made to
allow learners to meet age-appropriate educational goals. They offer a wide range of
approaches and services, e.g. small classes, individualized learning, one-on-one sup-
port, self-contained classrooms, resource rooms, and special learning aids. Learners
with special needs are also entitled to an individualized education programme, which
spells out a child’s learning needs, services the school will provide, and how progress
will be measured [2].

2.2 SEN Education in the Czech Republic

All the above mentioned also works in the Czech Republic, where the SEN instruction
underwent a long history, and has undergone many transformations. Moreover, few
years ago, the inclusive model of SEN learners’ education was introduced.

The inclusive education is the process supporting equal chances for all children to
meet the requirements of educational system. Children who are expected to need some
support are defined as those with special needs by the School Act [3]. Inclusion is
understood as a higher level of integration (i.e. the implementation of various groups
into a whole, when the groups are distinguished according to the diagnostic criteria).
This approach focuses on the handicap, impairment; and inclusion, reflecting the
individuality, is its target. If the child fails in meeting the educational requirements,
within integration, the fault is on child’s site, whereas within inclusion, constraints
against meeting the target are searched and removed from the curriculum, as stated by
the School Act. To support the process of inclusion, the individual educational plan is
designed for each child.

Common special needs include learning disabilities (such as dyslexia), emotional
and behavioral disorders (such as ADHD), physical and developmental disabilities
(such as autism spectrum disorders and intellectual disability). Learners with these
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special needs are likely to benefit from additional educational services such as different
approaches to teaching, specifically adapted classes, and last but not least, the use of
ICT. Main educational outcomes include hygienic habits, ability of self-service, work
with objects of daily common use, acting in daily common situations, individualized
development of physical and mental abilities and basic knowledge of reading, writing,
counting so that they were able to engage in the society to maximum extent.

SEN learners’ education is based on the Framework Educational Programme
(FEP) for SEN schools [4] which is designed in two levels: (1) education of learners with
moderate disorders and (2) education of learners with severe and combined disorders.
Both levels include following topics: Language and language communication, Mathe-
matics, Man and the world, Man and the society, Man and the nature, Man and the health
(Physical education, healthy lifestyle), Arts (music, drawing),Man and theworld ofwork,
and Information and communication technologies. This subject in taught within the
version 1 of FEP only. The process of teaching/learning is supported by the individualized
approach to each learner, and also other benefits are available, e.g. psychologist, social
worker, early intervention and therapy services, and a teaching assistant who accompa-
nies the learner to all lessons providing common care and helping during the instruction.

As most of SEN learners are not able to reach a common level in motor devel-
opment, the work with hardware is difficult and limited for them. However, if they
succeed, ICT help them in everyday situations as to other people and also arose
positive emotions with them [5].

Currently, in Czech SEN schools, interactive boards are widely exploited, and
tablets are preferred to personal computers because of their main features (portability,
weight). Moreover, special devices making the work with them easier are widely
available, e.g. various types of stands for keeping the tablets in right positions, styluses
(hand pointer, head pointer, mouth stick stylus etc.), ergonomic keyboard, coloured
keyboard, one-button communicator, touch-, oral-, head-directed mouse. Selected
applications are mostly designed by world and Czech IT specialists in cooperation with
teachers. They are available for mathematics (Visual Math, Logicly, Number pyramid,
Math Racing), language and communication, reading and writing (Alphabet for chil-
dren, Slabikar [First Reader], Bitsboard, Book creator, Do as me), Man and the world,
society, nature (My house, My play home stores, speech therapy, Songs, Rhymes, My
mosaic, Foldify, Hello Color Pencil) [6].

The proposed categorization of expected outcomes of SEN learners in work with
tablets focuses three fields:

(1) tablet operation (holding in hands, switch on/off of the tablet, adjust brightness,
loudness, be oriented on the screen and keyboard, using the keyboard, switch
on/off of applications, charging the tablet, keeping it clean and handling with
care),

(2) working with provided applications,
(3) creating own content.
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Learners are divided into four groups reflecting their disorders which limit them in
work:

(I) independent user,
(II) used who needs partial teacher’s support,
(III) user who is able to work with selected applications with teacher’s support,
(IV) learners not interested/not able to work with ICT [7].

3 Methodology

3.1 Research Question and Objective

Annually, data dealing with SEN education are collected by the Czech Statistical
Office. However, not the whole area has been covered and not all questions have been
answered. The field relating to ICT exploitation in SEN schools can be structured into
three parts:

(1) what ICT equipment is available at schools and what teachers’ skills are;
(2) what teachers’ and learners’ favourite ICT are from teachers’ view;
(3) how the Framework Educational Programme is evaluated by the teachers to

enable SEN learners to reach maximum learning outcomes.

The main research objective was to collect still unknown data, analyze them and get
a deeper view into the field of ICT exploitation at SEN schools.

3.2 Methods and Tools

So as to answer these questions, the questionnaire was designed. It consists of 28
questions requiring answers of three types: closed (multiple-choice), semi-closed
(multiple-choice and open-answer), and open-answer type. The first version of ques-
tionnaire was distributed in the printed form. It was piloted by 11 respondents (seven
SEN teachers and four teaching assistants) and the validity was evaluated by five other
SEN experts (members of the Moravian-Silesian district SEN board). As the answers
were difficult to be read in seven questionnaires, it was decided to use the electronic
form with typed answers. Five items were removed from the first version and other four
were stylistically adjusted. The final version followed the above mentioned three
research areas: ICT equipment and teachers’ ICT skills, teachers’ and learners’
favourite ICT from teachers’ view and their FEP reflection. Total amount of items in
the questionnaire was twenty-eight.

3.3 Research Sample

Research sample consists of 882 respondents working in SEN schools in all regions of
the Czech Republic: 511 teachers (58%); 266 class teachers (30%); 105 teaching
assistants (12%). Reflecting this structure, findings discovered within this research can
be generalized for the whole Czech Republic. Detailed data are displayed in Table 1.
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Within the total amount of 882 respondents, there were 89.6% female and 10.4%
male ones. Other characteristics show that 80% of them were older than 40 years; 90%
reached the required level of education (higher education specialized in teaching SEN
learners), and 73% had teaching practice longer than 16 years. Reflecting the statistical
data provided by the Czech Statistical Office [8], the sample is representative http://
www.msmt.cz/vzdelavani/skolstvi-v-cr/statistika-skolstvi/genderova-problematika-
zamestnancu-ve-skolstvi Detailed data are displayed in Table 2.

HE: higher education
The questionnaire was distributed in two ways:

(1) All schools were addressed as listed in the catalogue of companies (www.firmy.cz
– instituce – vzdělávání – základní škola – praktické a speciální školy (SEN
schools); total amount was 273. SEN classes running under common primary and
lower secondary schools were not included. The headmasters were informed that
the questionnaire is available on social network Twitter.

Table 1. Research sample: distribution of respondents.

Region Respondents (N) Respondents (%)

capital Praha 63 7.1
Středočeský (Central Bohemia) 105 11.9
Jihočeský (South Bohemia) 16 1.8
Plzeňský (Plzen) 12 1.4
Karlovarský (Karlovy Vary) 13 1.5
Ústecký (Usti nad Labem) 64 7.3
Liberecký (Liberec) 65 7.2
Královéhradecký (Hradec Kralove) 35 4.0
Pardubický (Pardubice) 56 6.3
Olomoucký (Olomouc) 40 4.5
Moravskoslezský (Moravian-Silesian) 127 14.4
Jihomoravský (South Moravia) 79 9.1
Zlínský (Zlin) 126 14.3
Vysočina (Highlands) 81 9.3
Total 882 100

Table 2. Research sample: age and education.

Age
(yrs.)

% Education level % Teaching practice
(yrs.)

%

18–25 0.7 Upper secondary 3.6 < 5 yrs. 4.4
26–30 1.4 HE-Bachelor, college 1.0 6–10 7.0
31–40 13.5 HE-master, without SEN specialization 3.5 11–15 15.6
41–50 40 HE-master, SEN specialization 90 16–20 23.0
50+ 40 HE-master, SEN + primary school

specialization
1.9 20+ 50.0
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(2) Teachers and teaching assistants participating in the SEN schools group on
Twitter were asked to fill in the questionnaire. The questionnaire was anonymous,
however, double submissions could be discovered and omitted from the final
research sample.

4 Results

The occurrences of collected data are summarized and displayed in tables. Total
amounts may be higher in some questions because more than one answer was
allowed/required in some items. First, ICT equipment and teachers’ skills for working
with single devices were considered by respondents. Second, teachers’ and learners’
favourite ICT were listed. Third, teachers’ experience and opinions with Framework
Educational Programme for SEN schools were evaluated.

4.1 ICT Equipment and Teachers’ Skills

The equipment of SEN schools with PC/notebooks, tablets, interactive boards) was
considered by the respondents. The data show SEN schools are equipped with enough
PC/notebooks for teachers (nearly 98%) and for learners (84%). This result means that
any learner can have their own device to use (mind that some learners with severe and
combined disorders are not able to work with ICT, or even keep it, but the others are),
so the SEN schools are appropriately equipped.

As for teachers’ skills, most of the respondents consider themselves not to be
beginners in working with PC/notebooks (97%) and tablets (87%); however, 25% of
them find themselves beginners in working with the interactive board. Detailed results
are displayed in Tables 3 and 4.

Additionally, to gain latest information, teachers search for it on the Internet (50%),
receive it from the school management (headmaster, deputies) and school IT coordi-
nator (38.9%), or find it in professional literature (11.1%); others get inspiration in
discussion groups within social networks (28%).

Table 3. ICT equipment and teachers’ skills.

Equipment %

PC, NB for teachers 97.6
PC, NB for learners 84.0
Tablets for teachers 54.8
Tablets for learners 69.9
Interactive board 85.7

PC: personal computer, NB:
notebook, IAB: interactive
board
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Moreover, 85% of IT teachers attend further education courses (on the voluntary
basis).

4.2 Teachers’ and Learners’ Favourite ICT: Teachers’ View

As displayed in Table 5, according to teachers’ opinions, their most favourite devices
are PC and tablet (34% each), compared to learners who prefer tablet (42%) and PC
(37%). The strongest reason is they have these devices at home and they are used to
working with them. Portability and availability of notebooks do not seem to play
important role in this case. Large size of PC screen and a wide choice of applications
for tablets are appreciated. Detailed results are displayed in Table 5.

4.3 Framework Educational Programme: Teachers’ Feedback

Framework Educational Programme works as the core document for SEN schools.
However, teachers’ experience and opinions with it differ:

20% of respondents think FEP does not reflect current needs of SEN learners;
13% consider it helpful;
10% follow it in lessons;
10% do not mind it;
10% state updates are needed;
14% teach what they consider needed for learners;
12% cannot decide about its contribution;
10% use FEP, level 2 only.

Table 4. Teachers’ skills in work with PC, NB, tablet and interactive board.

Teachers’ skills:
PC, NB

% Teachers’ skills:
tablet

% Teachers’ skills:
IAB

%

Beginner 3 Beginner 12 Beginner 25
Intermediate 37 Intermediate 44 Intermediate 31
Advanced 35 Advanced 25 Advanced 27
Proficiency 25 Proficiency 18 Proficiency 17

PC: personal computer, NB: notebook, IAB: interactive board

Table 5. Teachers’ and learners’ favourite ICT

ICT Preferred by teachers (%) Preferred by learners (%)

PC + software 34 37
NB + software 7 4
Tablet + application 34 42
IAB 17 15
Other (e.g. mobile phone …) 8 3

PC: personal computer, NB: notebook, IAB: interactive board
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If ICT can be exploited in the lesson, 59% of teachers replace the existing, usually
used (traditional) learning material with the ICT version. It means they trust (hope) a
special software or application can help learners to understand the topic, motivate them
to learning. If the learning material is missing, 85% of teachers substitute it with ICT,
i.e. software, application, as a powerful means.

Last but not least, respondents provided open answers to describe advantages and
disadvantages the ICT can provide to SEN learners. The main advantages were listed as
follows:

– multi-mediality giving more options additionally to other materials (textbooks,
worksheets etc.) (92%);

– support to learners’ weaker functions, compensation, substitution of partial deficits,
and/or compensation or replacement learning materials (85%);

– they are considered to be a favourite means (77%);
– there exists wide portfolio of applications for tablets (27%);
– motivation to learning (24%);
– help in preparation for lessons (17%);
– individualization of teaching/learning (15%);
– entertaining the learner (5%) etc.

On the other side, main disadvantages are

– the danger of addiction to using PC/notebook/tablet (45%);
– the danger of damaging the device (43%);
– necessity of teacher’s help (22%);
– screening off when standing in front of interactive boards (26%);
– cannot be used for learners with severe and multiple disorders (16%).

However, 48% of respondents stated they did not know any disadvantages.
To sum up, we can state that ICT are a potentially powerful tool for extending

educational opportunities. Additionally to primary and lower secondary schools in the
Czech Republic, the ICT equipment in SEN schools is adequate and corresponds to
learning outcomes defined by FEP (e.g. [9, 10]).

5 Conclusions

When comparing the above presented advantages now and then [11, 12], multi-
mediality always was at the top of the list when ICT in non-SEN schools were
researched. And, ICT are logical and natural to be exploited to support and compensate
health and mental disorders in SEN schools [13]. One quarter of respondents mention
the work with ICT to be still motivating, but ICT is considered a means of enter-
tainment by 5% of them only. The main disadvantage is the danger of addiction
mentioned by 45% of respondents.

The quality and scale of equipment in SEN schools clearly determines their
indisputable status as educational (not medical) institutions which are running as an
equal partner of other, non-SEN schools. The feature of multi-mediality clearly votes
for ICT as a didactic means towards increasing learners’ literacy in this field, which is
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highly important if SEN school learners are expected to become equal members of the
current e-society. Despite the learning content differs in quantity, but it is of equal
quality, learners have the ICT available during their obligatory schooling period. Apart
from this, it is strongly required to be aware of the fact that SEN learners are not able to
apply appropriate self-control, which can result in different effects compared to non-
SEN learners. Even though the SEN schools are sufficiently equipped with ICT,
teachers working with them are permanently on a high wire which can break any time.
Therefore, cooperation with psychologist and/or social pedagogue is necessary. If the
work with ICT is to serve as learner’s reward, it should be conducted under strict rules
and in pre-defined and limited times. Never in this process, the SEN learner should be
left without control. In such a case, teachers’ fears of SEN learners’ addiction on ICT
use could be higher than stated 45%.

In further research activities, attention will be paid to the way(s) how ICT support
the process of meeting learning outcomes expected by the FEP for SEN schools, what
the contribution of individual educational plans is, whether the supportive aids are
efficiently exploited by SEN teachers (and if so, to what extent), and last but not least,
how the FEW is reflected in the whole process.
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Abstract. This paper reflects upon the experience of the delivery of study
materials tailored to preferred learning styles at the Secondary Technical School
of Public-Law using blended learning. The study was conducted within winter
and summer semesters in 2017–2018 with 205 students at the age of 16 to 18.
To measure students’ learning styles Felder’s Index of Learning Styles was
used, and achievement scores of students’ summative tests were compared
before and after blended learning was adopted. Students, most of whom had
visual preferences for learning, were randomly divided into two groups. The
statistic results showed that there was no significant difference in terms of
academic performance between students working in traditional classroom
(control group) and students working in blended learning environment (exper-
imental group). On the other hand, the analysis of obtained data revealed sta-
tistically significant differences in achievement between the two groups,
indicating that the experimental group with visual preference performed better
than the control group with visual preference. Significant differences were also
found in the respective groups’ academic performance according to gender.
Male students were more motivated and performance-oriented.

Keywords: Blended learning � Learning style preference �
Academic performance

1 Introduction

Our paper attempts to address the issue of using technology in the teaching process on
secondary technical school level. The Secondary Public-Law School TRIVIS educates
students in the field of security legal activities. Students who study in the 4-year
educational program graduate at the age of 19 and are predominantly employed in the
bodies of the Ministry of Interior, Ministry of Defense, Ministry of Justice and Ministry
of Finance. We were directing our research to this school as it is the only secondary
school in the region, whose mission is to provide blended learning environment for
students.

As all the students belong to so-called Generation Z, we can assume that they use
the Internet since a young age and are comfortable with technology and social media.
The need for a compromise between the conventional face-to-face sessions (which
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have been practiced as the main teaching strategy until recently) and online learning
leads us towards a new approach to teaching and learning, the so-called hybrid or
blended learning [1]. E-learning is a valuable tool to have at our disposal when building
and delivering our educational programs, moreover, considering blended learning as
the effective combination of different modes of delivery, models of teaching and styles
of learning, we should be using it wherever appropriate to enhance our provision and
offer tailored learning to meet the needs of our learners. In 2017, LMS Moodle was
implemented into the educational programs of the school.

2 Learning Styles and Blended Approach to Learning

Within the context of the advance of the technology that is used in blended learning,
the idea to adapt the teaching strategy according to the students’ learning styles seems
to be very challenging. For lots of students the traditional education system is no longer
an option given the need to keep up with the advancing technology. The fast devel-
oping technologies and the wide range of students with various learning styles con-
tinuously provokes and inspires teachers. It is well known that a single instructional
model cannot satisfy all students [2]. Initial research into learning style models high-
lights that the variety of the students’ learning styles has considerable importance for
the instructional process [3].

There are many studies that show the efficiency of combining multimedia with
online technology within the instructional process [4]. Most of the studies in this
category are based on the learning styles as they were classified by David Kolb [5] and
Felder and Silverman [6]. In our research we used the Felder-Silverman model, which
includes four dichotomous dimensions: active-reflective, sensing-intuiting, visual-
verbal and sequential-global. The learning style preferences of the model are easy to
assess with the Index of Learning Styles (ILS).

The questionnaire [7] includes 44 questions with two alternatives; 11 questions for
each learning style dimension. As a result, the questionnaire tells which learning style
is the most pronounced on each axis and how strong the preference is. As the axes are
continua, the preference can be mild, moderate or strong. The results of our survey are
described in more details in the following chapter.

Blended learning focuses on optimizing achievement of learning objectives by
applying the appropriate learning technologies to match the personal learning style
preference to transfer the required skills to students. In this respect, we can see the
interconnection between learning style model and blended learning as natural. There
are many definitions for blended learning, but they all have some aspects in common.
They refer to two different learning environments—face-to-face (synchronous) and
online (asynchronous); and they refer to combining those two learning environments in
a complementary way to deliver a programme of study so that learners can be sup-
ported both within the classroom environment and outside of it. In other words, the
term blended learning refers to any programme of study that is delivered by appro-
priately combining both, synchronous interactive study (usually face-to-face) and
asynchronous (individual) study (usually online), [8]. The key to a successful blended
learning approach is to use the strengths of each medium appropriately, combining the
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two different learning environments in an integrated way so that each medium com-
plements the other.

3 Methodology

Contemporary learning environments are much more vibrant. A variety of studies have
shown that blended learning methods, combining traditional teaching in the classroom
with online learning tools, are more effective than a simple face to face instruction. This
also applies to the area of secondary education that is very sensitive to new pedagogical
approaches.

3.1 Research Objectives

The basic research problem of the presented work can be formulated as a question:
Can modified learning materials in an e-learning course, reflecting the detected

preferences of learning styles, increase academic performance in teaching English?
Based on the research problem the following research questions were formulated:

1. What is the academic performance of the students with respect to the implemen-
tation of didactic materials modified according to their preferences of learning
styles?

2. Does the academic performance differ according to gender depending on the
implementation of didactic materials modified according to the preferences of
learning styles?

3. Does the preferred learning style affect academic performance in students using
didactic materials modified according to preferences of learning styles?

The main goal of the research was to find out whether modified study materials in
the online course lead to increased academic performance. To achieve this objective,
the following sub-objectives were formulated:

1. Identify preferences of learning styles in students of the full-time study.
2. Create four modified e-courses in the LMS Moodle for Professional English (each

course relates to one year -grade of study).
3. Analyze the learning outcomes of students who have completed the course.

3.2 Research Methods, Tools and Hypothesis

Further to reach the sub-objectives, the following steps were taken:

1. Four modified e-courses in the LMS Moodle for Professional English Language
were created.

2. Blended learning teaching strategy was implemented into the educational
environment.

3. Academic performance in a selected group of students was investigated, evaluated
and statistically analyzed.
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To detect the students’ learning style preferences we used Felders’ Index of
Learning Styles (ILS), standardized online questionnaire and to measure the students’
academic performance, standardized pre-test (created by authors of Cambridge ESOL
class book) and standardized post-test were administered to students within the Pro-
fessional English language course. Both tests were paper based. Due to the protection
of personal data; an identification number was used to identify students. During the
experiment, students of control group were taught only in face-to-face (synchronous)
learning environment, using traditional didactic materials, including visual aids, non-
standardized didactic tests and standardized tests (pre-test and post-test). Students of
experimental group combined traditional face-to-face lessons with instruction in the
Moodle virtual learning environment, where visual materials including animations and
video clips were implemented. The tests were primarily focused on examining lan-
guage competencies, especially micro-skills (often also understood as grammar and
vocabulary) and receptive macro-skills (listening and reading).

The pre-test was distributed to students in both groups at the beginning of 2017
school year. The test contained thirty questions of varying difficulty with a maximum
total score of 100. Initial students’ knowledge of language competencies was evaluated.
The test was paper-based and it took forty-five minutes.

The post-test was administered in both groups at the end of 2018 school year. It
included thirty questions of various difficulty with a maximum total score 100. Current
knowledge of language competencies achieved after one year of teaching was tested
and evaluated. The test was paper-based and it took forty-five minutes. The control and
experimental groups were provided feedback after the results were assessed.

To reach the main research objective, i.e. to discover whether study materials,
modified according to the learning style preference in the on-line course lead to
increased academic performance, three hypotheses were set:

H1: Students working in synchronous English language-learning environment have a
different academic performance compared to students working in a blended English
language-learning environment.

H2: The academic performance of the male versus female students is different.
H3: Students of the control group with visual preference have a different academic

performance compared to the academic performance of students with visual pref-
erence in experimental group.

3.3 Research Sample

The surveyed population is a set of units that we assume our conclusions are valid for.
It is a random sample representing all known and unknown properties of the popula-
tion. At the same time, we assume representability. The paper presents the results of the
pedagogical experiment that took place in the years 2017–18 at the Secondary Public-
Law School TRIVIS. The research sample included a total of 205 students, (85 males
and 120 females). The control group N = 106 (62 female; 44 male - chosen randomly)
worked only in face-to-face (synchronous) learning environment. Experimental group
N = 99 (58 female; 41 male – chosen randomly) used blended learning (asynchronous)
strategy, see Table 1.
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We mapped the sample group’s learning style preferences to provide the students
with awareness of their own way to learn and of learning styles in general. The aim was
also to encourage students to use and improve their learning styles that are less
dominant. When providing a student with his/her learning style result, it should also be
emphasized that no learning style instrument is infallible when applied to individuals
[9]. The learning styles can also be utilized when planning education. Knowing the
students’ learning style profiles may motivate their instructor to find new ways to
present material [9].

Our data includes 205 ILS questionnaire results. The distributions of the results are
presented in Fig. 1. Divided in categories, there is a clear majority of sensors and
visuals in our population: that is, 88% visuals, 70% sensors in control group, 89%
visuals, and 73% sensors in experimental group. Figure 1 shows that those dimensions
are the most skewed ones. On the active-reflective and sequential-global dimensions,
the results were distributed more evenly and the distributions are more symmetric.
There were 69% of actives and 31% of reflective students in control group, 66% of
actives and 34% of reflective students in experimental group. Sequentials (59% in
control group; 64% in experimental group) were the majority in both groups.

Based on the learning style preferences, we modified learning materials in an e-
learning course of Professional English language, which was used by the experimental
group of students. The course was accessible 24/7, and included supporting study
materials. We implemented the didactic materials into the e-course keeping in mind

Table 1. Research sample group of students

Group Female Male Total

Control group 62 44 106
Experimental group 58 41 99
Total 120 85 205

70 88
69

41

30 12
31

59

73 89
66

36

27 11
34

64

Fig. 1. Learning style preferences in control (left) and experimental (right) group of students in
percentage.
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Felder’s characteristics of the individual preferences of the learning styles. Visual
learners remember best what they have seen: images, diagrams, decision trees and
demonstrations, while sensing learners are at their best when studying facts. From the
standpoint of their memorizing and learning, it is important to see the connection
between the subject under study and the real world. Students in control group used
traditional visual materials, e.g. pictures, mind maps, graphs, posters, realia, charts,
short video clips.

4 Results

The obtained data were processed by the statistical program NCSS 2007. Quantitative
descriptive statistics were used, hypothesis testing was performed primarily at the
significance level a = 0.05. Given the type of data, the scatter analysis (Kruskal-Wallis
test) and diametric conformity testing (t-test and Mann-Whitney test) were used. The
normality of the data was determined using the Kolmogorov-Smirnov test. Results are
structured into two parts: (1) descriptive statistics and (2) testing hypotheses.

4.1 Statistics Data

Results of descriptive statistics are displayed in Table 2 for control group and in
Table 3 for experimental group. They present the values of total amount of respondents
(N), Mean, Standard Deviation (SD), Minimum and Maximum score, Score range,
Median, Mode and results of two tests of normality data distribution (Shapiro-Wilk W
test and Kolmogorov-Smirnov test). The normality of data distribution was rejected by
the statistic tests in pre-test and post-test in both groups. Reflecting this result, non-
parametric test (Mann-Whitney test) was applied for verification of all hypotheses
(Figs. 2, 3).

Table 2. Control group: Descriptive statistics of Pre-test, Post-test.

Heading level Pre-test Post test

N 106 106
Mean 0,695283 0,7431132
SD 0,1540452 0,1295734
Min 0,33 0,42
Max 0,92 1
Range 0,59 0,58
Median 0,735 0,75
Mode 0,81
Normality: Shapiro-Wilk W 0,9208841(R) 0,9835326 (R)
Normality: Kolmogorov-Smirnov 0,1297755 (R) 0,05327712(R)

R: Rejected normality
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4.2 Testing Hypothesis

First, the paired difference for pre-test and post-test score was calculated for control and
experimental group by Mann-Whitney test. Reaching the Z-value = 1, 9364, the first
hypothesis H1 was falsified (a = 0.05; probability level = 0, 052815). This result
means that statistically significant difference was not discovered between the pre-test
and post-test scores in control versus experimental group, see Fig. 4. We can imply that

Table 3. Experimental group: Descriptive statistics of Pre-test, Post-test.

Heading level Pre-test Post test

N 99 99
Mean 0,6247959 0,720202
SD 0,169877 0,1480208
Min 0,2 0,42
Max 0,92 1
Range 0,72 0,58
Median 0,62 0,72
Mode 0,62
Normality: Shapiro-Wilk W 0,9629482(R) 0,9714637(R)
Normality: Kolmogorov-Smirnov 0,09688672(R) 0,08075114(R)

R: Rejected normality

Fig. 2. Control group: Histogram - differences in test scores in pre-test (left) versus post-test
(right).

Fig. 3. Experimental group: Histogram - differences in test scores in pre-test (left) versus post-
test (right).

180 I. Loudova and D. El-Hmoudova



in terms of study performance, simply participating in online activities, modified
according to the learning style preferences, does not necessarily lead to significantly
improved test scores.

Second, the paired difference for academic performance of the male and female
students was calculated by Mann-Whitney test. Reaching the Z-value = 1, 9671, the
second hypothesis H2 was verified (a = 0.05; probability level = 0, 049175). This
result means that statistically significant difference was discovered between genders
and their study performance, see Fig. 5.

Fig. 4. Control group (left) vs. experimental group (right). Differences in test scores in pre-test
versus post-test.

Fig. 5. Difference in academic performance in the view of genders (male – left; female – right).
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With regard to the results of research on gender differences in academic perfor-
mance, this result may seem surprising, but here we have to take into account that
graduates of the above-mentioned school are employed in particular in security-law
services or integrated rescue system. Students with an interest and learning background
can continue their study at Police Academy or University of Defense, which is par-
ticularly attractive and motivating to the male students.

Third, the paired difference for academic performance of visual students in control
group and visual students in experimental group was calculated by Mann-Whitney test.
Reaching the Z-value = −3, 8509, the third hypothesis H3 was verified (a = 0.05;
probability level = 0, 000118). This result means that statistically significant difference
was discovered between the academic performances of visual students in control group
vs experimental group, see Fig. 6. The box graph clearly shows the higher study
success in the visual students of the experimental group, whose learning style prefer-
ence was enhanced by modified study materials in the virtual learning environment
Moodle.

To sum up, hypotheses H2 and H3 were verified; hypothesis H1 was falsified.

5 Discussion and Conclusion

Reflecting the size and structure of the research sample, our research results cannot be
generalized, they are valid for the sample groups only.

As displayed in Fig. 4. there was no significant difference in academic performance
between control group of students, studying in the traditional learning environment and
experimental group, instruction of which was blended and study materials modified
according to the preferred learning style were uploaded in the virtual learning

Fig. 6. Visual students’ study success in control group (left) versus experimental group (right).
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environment Moodle. Our findings may seem difficult to explain as it is generally
assumed that the self-directed learning that occurs in online environments should result
in deeper learning, and thus better academic performance.

However, an alternative explanation comes from Garrison [10], who notes that e
learning is not synonymous with the collaborative and constructivist approaches that
can foster deep learning. If so, perhaps the current findings reflect collaboration and
constructivism in both modalities, but in regards to different aspects of the learner
experience. Overall, performance across the two modalities is convergent, but the
electronic and face-to-face pathways to that performance may be divergent.

The lack of relationship between preference and performance is a notable one. At
least in the current study, it seems that a liking for a particular modality does not benefit
performance in that modality. Importantly, these findings also suggest that asking
students to engage in their non-preferred modality does not mean that poor perfor-
mance will ensue. The implication is that educators can select delivery modality based
solely on pedagogical reasons with confidence, rather than being concerned that a
certain delivery method may disadvantage students who hold negative perceptions of
that method [11].

Research also suggests that when online and face-to-face elements are combined,
learners often place a greater value or emphasis on the face-to-face aspects of the
experience [12]. This was confirmed by our long-standing practice across all levels of
education.

The effectiveness of blended learning was, however, supported by the results
shown in Fig. 6, where visual students of experimental group proved to reach much
better academic performance than students who were studying in traditional, single-
mode, lecture-style classroom program.

Many scientists have studied visual didactic materials and their impact on learning
environment. From the point of language learning, Mayer [13], Callow [14], Paivio
[15] and many others study the issue of visual materials, which have become an
essential component of education process within a highly visual culture. Images and
videos bring the real world in the classroom, allowing learners to see the context, body
language, and facial expressions [16]. Visual materials have also an emotional impact;
as the adage says, “a picture is worth a thousand words” [17].

There are, however, opponents, who refer to the fact that information overload has
been created, which may result in shortened attention spans and superficial thinking in
the future [18]. The variety and speed of digital information is affecting cognitive
process, which suggests that teachers have a vital role in helping students to be
selective [19].

Data consistently support the general hypothesis that girls outperform boys in
almost every academic measure, e.g. Halpern [20], Lewin [21], Mickelson [22], Per-
kins, Kleiner, Roey and Brown [23]. Unlike universally acknowledged results in
research of gender and academic performance, our research revealed a statistically
significant difference between boys and girls. Male students in our research group had a
better academic performance than female students. We believe that this is a specific
sample of students where the higher motivation and better academic results of male
students are closely related to the focus of the educational field and further employment
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possibilities in the special bodies of the power ministries (Ministry of the Interior,
Ministry of Defence and Armed Forces).

We assume that learning is multimodal and the special thing about computer
technology involved in learning process is that it allows students and teachers to
manipulate the various modes and to break free of the linearity of traditional classroom
instruction. This brings us to the question of teachers’ role in the classroom. According
to Dias [24], teacher in traditional classroom is controller, prompter, tutor, trouble-
shooter and participant, while Harmer [25] defined the roles as integrator (setting
goals), negotiator, reporter (informing students about developments), and confidant.

We can conclude that teacher is the “strategist”, directing students to resources that
are appropriate for learning aims and students are “tacticians”, using those resources in
individual way to create a personalised learning pathway. Even though the outputs of
our research did not confirm explicitly generally recognized benefits of blended
learning in educational environment (in our case, in Professional English language
course), we believe that it is necessary to continue and improve the virtual learning
environment, bearing in mind that the role of teacher is irreplaceable as “eLearning
doesn’t just “happen”! It requires careful planning and implementation.”
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Abstract. The purpose of this study is to examine Chinese, primary school
teachers’ developmental stages in blended learning environments when
exploring the use of thinking tools (TTs) for improving students’ thinking skills.
This study analyzed data using the Trajectory Equifinality Modeling (TEM).
TEM is a new qualitative methodology of Cultural Psychology that explores the
trajectory of multiple decision-making actions based on time and interaction
between social direction and social guidance. TEM clarified that Chinese pri-
mary teachers went through the followings five stages: Stage 1: application of
TTs, Stage 2: trials of improving students’ reasoning, Stage 3: reflection of the
usage of TTs in one year, Stage 4: “Aha” experiences of matching TTs with
specific thinking skills (reasoning) and Stage 5: shifting the focus from TTs to
reasoning. In Stages 1, 2, 3, and 5, online support was the major turning point
and sustaining Lesson Study was the social guidance that promoted teacher
inquiry. In Stage 4, face-to-face training triggered the “Aha” experience and
multiple viewpoints from the teachers who had experienced using TTs in the
training workshop and provided social guidance. Furthermore, attention needed
to be paid to how the relocation of the principal and the director of the research
group in the school affected teacher’s decision-making.

Keywords: Developmental stages � Blended learning environment �
Thinking skills � Thinking tools � Trajectory equifinality modeling

1 Introduction

With the development of globalization, many countries focus on nurturing children’s
thinking skills in primary education in the 21st century. A new teaching strategy using
thinking tools (TTs) to improve children’ thinking skills was introduced into some
experimental primary schools in China based on China-Japan Collaborative Research
Program [1, 2]. To support Chinese primary teachers exploring TTs, educators created
blended learning environment by combining face-to-face training and online support.
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Many studies paid attention to the environment of face-to-face learning and online
support in blended learning environment [3, 4]. However, Graham and Dziuban warned
that a blended learning environment is not “just a linear combination” of face-to-face
training and online support [5]. Li et al. pointed out that social and cultural factors
related to the learners need to be explore [6].

In addition, teaching innovation is more easily influenced by the social and cultural
factors in new educational environments. Kishi et al. indicates that teachers encounter
difficulties when exploring new teaching strategies which they did not experience
previously [7]. Social factors that influenced teachers’ involvement seems to affect
teachers’ decision-making processes. To successfully implement teaching innovation,
developmental stages in the teacher must be highlighted since professional develop-
ment “must be seen as a process, not as an event.” [8, 9].

Up to this point, the developmental stages of Chinese teacher, using TTs in the
blended learning environment related to social factors, has not been examined.
Therefore, the purpose of this study is to expand knowledge of developmental stages
related to social factors for designing blended learning environment when teachers
introduce TTs into classrooms.

2 Thinking Tools and Its Relationship to Blended Learning

2.1 A New Teaching Strategy by Exploring Thinking Tools

With the shift from knowledge-acquisition to fostering students’ thinking skills, how to
nurture children’s thinking skills became an important educational goal in Japan.
However, it is difficult to nurture children’s thinking skills because thinking is a
complex process in their heads and cannot be observed. Furthermore, children cannot
explain what they think or control what to think.

To achieve the new teaching goals in elementary school, teaching strategies, using
thinking tools (TTs) to improve students’ thinking skills, were developed. TTs can be
described as special graphic organizers, which match with specific thinking skills [10].
Using thinking tools that “show one’s thinking visually” in class was found to have
educational benefits [11]. For example, Venn diagrams matched with comparison, and
Pyramid chart matched with structure. Writing or talking about their thoughts using
thinking tools could improve some specific thinking skills of students. It is crucial for
teachers to decide what kinds of thinking skills to nurture and which TTs can be used to
match with them [10, 11].

2.2 Innovative Teaching Strategy by Exploring TTs in China

To promote the quality of education, China’s government called for promoting thinking
skills from primary education in 2016 [12]. As a teaching innovation, the teaching
strategies, using TTs was introduced into some experimental primary schools since
2012 in Guangdong Province, China [1, 2]. Miyake et al. surveyed how teachers used
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TTs from 2015 to 2016 and discovered that some teachers used TTs as tools to show
the result of students’ thinking and motivated students to attain more knowledge [1,
13]. The survey showed that teachers encountered difficulties when shifting from
knowledge teaching to thinking-training teaching. It also showed that using new
strategy required time and effort to result in teachers changing. In 2017, Miyake et al.
discovered that some teachers became focused on the thinking process of students
through conversation analysis between teachers and students who participated in the
lesson [14]. The studies mentioned above illustrated how Chinese teachers used TTs
through face-to-face training at a certain period of time.

2.3 Supporting Chinese Teacher in Using TTs Through Blended
Learning

To support teachers who were examining using TTs to be integrated in their own
teaching strategy, Chinese educators used QQ, an online support to help teacher solve
problems they encountered, in addition to face-to-face training class. QQ is a type of
social networking service in China.

Blended learning is defined as “integrating face-to-face learning and online learn-
ing” [15]. Blended learning has some advantages over only face-to-face learning or
online learning with its enriching interaction and information. The two types of blended
learning are integrated structured learning and unstructured learning. Structured
learning means that an educator controls the face-to-face learning and online learning
during a certain period of time. Unstructured learning is learner-centered, with learning
from uncontrolled online support, such as email and a social network system [16].
Blended learning is used to promote the professional development in targeted training
led by educators or trainers [17]. An essential feature of teachers’ learning is to solve
problems in practice. Therefore, promoting problem solving with teachers through a
combination of face-to-face training and online support is a useful component of tea-
cher training. In this paper, teachers’ blended learning was defined as “the training
integrating face-to-face training and online support”.

2.4 Problem Statement

Graham and Dziuban indicated that blended learning designed for teacher is not “just a
linear combination of the two” [5]. They showed the importance of how teacher
changed through face-to-face training and online support in the blended learning
environment. In the practice of using TTs, improving thinking skills is the teaching
goal not just the correct use of TTs. Teachers needs to use TTs flexibly, based on the
situation and student needs, to improve students’ specific thinking skills. This type of
practice requires knowing when and which methods assist teachers’ understanding and
application of TTs better. Furthermore, it is crucial to critically rethink about what is
and how best to design a blended learning environment.
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3 Blended Learning Environment

3.1 Blended Learning Environment

To organize blended learning environments to support learning effectively is important.
Yeh et al. indicated that blended learning is effective to promote pre-service teachers’
professional development. Forty-four pre-service teachers participated in a 17-week
experimental instructional program. Through the analysis of data collected, the blended
learning environment promoted pre-service teachers’ professional knowledge and
personal teaching efficacy in their teaching of creativity [18]. Guzer and Caner ana-
lyzed the literature from 2010 to 2012 and identified that integrating the constructive
model into the blended learning environment is crucial [19]. Furthermore in 2017, Li
et al. analyzed the learners’ change in the blended environment and indicated that
cultural background should be explore in order to capture the dynamics of blended
learning [6]. Kubota stated that teachers’ change is inherently social and mediated by
the cultural context in the teachers’ educational environment [20]. Therefore, it is
necessary to organize the blended learning environment by paying attention to the
social and cultural factors of the teachers.

3.2 Social Factors in Blended Learning Environment

Shulman et al. indicated that teachers learned and developed “within a broader context
of community, institution, polity, and circumstance” [21]. Kishi et al. suggested that
social and cultural factors influenced teachers’ decision-making since teachers are
easily in conflict with different social factors when they try to use new strategies from
another country [7]. Zhao and Frank indicated that teachers encounter cultural pressure
when they tried to explore new teaching strategies in their classroom in China [22].
This data showed that teachers have difficulty making a thorough inquiry into new
practices. In contrast, to support teachers’ professional development, professional
development communities proved to help teachers continue inquiring, through Lesson
Study. Lesson Study is a type of collaborative activity where teachers meet to discuss
learning goals, plan an actual lesson, observe the lesson and report on the results [23].
Lesson Study has three levels with School-based, District-level and National-level
lessons. Lesson Study has proven to help teachers to inquiry with implementation of a
program. Akita indicated that Lesson Study could help teachers reflect deeply and has
benefits to help teacher identify more problems and discuss new ways to improve
lessons. From the studies mentioned above, it is crucial to analyze the interaction
between social factors in the social and cultural context in which teachers are involved.

3.3 Developmental Stages in Blended Learning Environments

Blended learning is rooted in the idea that learning is not just a one-time event, but is a
continuous process [16]. Furthermore, professional development of teachers involves
making various choices and using the decision-making process [9, 23]. Kolb identified
that teacher learned in the follow cycle: (1) having an experience, (2) reviewing the
experience and reflecting, (3) theorizing about what happened and why, then exploring
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options and alternatives, and (4) planning what to do differently the next time [15, 24].
In the developmental process, Thorne suggested that it is important that teachers have a
deep understand of new strategies, reflect on their experiences and have “Aha” expe-
riences in the blended learning environment [15].

Teachers make choices with some options and alternatives that take them in dif-
ferent directions. The decisions that teachers make are dependent on what problems the
teachers notice when they reflect on what they did [25]. Korthagen and Vasalos sug-
gests that gaining awareness of essential aspects in practice is a big turning point in the
change process [26]. The “Aha” experience is the stage or moment “when you realize
that you know what everything means or why you have spent so long thinking about
something” [27]. It often occurred with people who are greatly involved in doing
something in the “right” environment at the “right” time [15, 28]. Reflection and the
“Aha” experience are cognitive activities in a person that triggers teachers to change. In
the blended environment of using TTs, teacher make decisions to move on regardless
of face-to-face training or online support when using TTs. Decisions, that teacher make,
depend on what they learned from face-to-face training or online support, and the their
social environment. However, observing when face-to-face learning or online learning
is effective in the developmental stages is difficult. Furthermore, the social factors that
affect teacher in decision-making situations in the blended learning environment is also
unclear.

Therefore, this study aims to expand knowledge of developmental stages in the
blended learning environment including social factors, when Chinese teachers explore
TTs. The study can provide valuable information for designing blended learning
environments for teacher’s professional development in the educational field of
improving students’ thinking skills.

4 Research Objective

Based on the above, in the practice of using TTs to improve students’ thinking skills,
the specific research questions driving this study are:

(1) What developmental stages did a representative Chinese teacher experience?
(2) What kinds of the social factors influenced the teacher’s developmental stages in

the blended learning environment?

Through clarifying the developmental stages and the social factors in the blended
learning environment, the authors tried to propose some suggestions to design more
effective blended learning environments to support Chinese primary teachers who use
TTs in the future.

5 Research Methodology

This study was based on the framework of the Trajectory Equifinality Modeling
(TEM). TEM is a new qualitative methodology of Cultural Psychology and has “two
central features in its analytic scheme: time and the transformation of potentialities into
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actualities” [29]. “Transformation of potentialities into actualities” means people
choose some options from many alternative options in the social and cultural context
[29]. The chosen options become the developmental trajectories, and the options not
chosen became the potential trajectories. From the results, it is possible to depict the
variability of trajectories and the dynamics of social factors.

5.1 Trajectory Equifinality Modeling

To explore the trajectory of multiple decision-makings, some basic concepts of TEM
are illustrated as follows in Fig. 1. Equifinality Point (EFP) are the given end states,
that can be reached by many potential means but is not a goal point. If EFP is reached,
EFP transforms to a new point to pursuit. Polarized Equifinality Point (F-EFP) is a
potential EFP to “neutralizing implicit value system of research”. Bifurcation Point
(BFP) is a point, which has alternative options. While teachers go through the BFP,
two kinds of social power, Social Direction (SD) and Social Guidance (SG), influence
people’s chosen options. SD is the power of inhibition leading to EFP. SG is the power
of promotion to proceed to EFP [29, 30]. By clarifying the trajectory of how people
reach EFP, researchers can identify what kind of social factors inhibit or promote
teachers’ decision-makings [29].

5.2 Applying Concepts of TEM to the Study

Based on research objectives, the authors applied concepts of TEM to the study. The
position in this study is shown in Table 1. Firstly, the authors utilized a teacher “using
TTs to teach lesson for improving students’ reasoning” as the Equifinality Point since
reasoning was one higher order thinking skill of importance in mathematics [31]. In
China, few teachers paid attention to improving students’ thinking skills based on the
subject content instead they focused on teaching knowledge to help student pass the
College Entrance Examination [32, 33]. Therefore, this study “using thinking tools to

Fig. 1. Concepts of TEM (Based on Yasuda et al. 2015; Sato, 2017; Marsico and Valsiner,
2018)
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teach lessons without improving students’ reasoning” was taken as the Polarized
Equifinality Point since it is possible goal for teachers in the Chinese society. Fur-
thermore, the authors utilized the turning points in practicing TTs as Bifurcating Point.
Next, the authors examined the social power, which inhibited teachers from using TTs
for reasoning as Social Direction, or social power which promoted teachers go to EFP
as Social Guidance.

5.3 Historically Structured Inviting (HSI)

This study chose Teacher C as a research collaborator. Teacher C was a teacher who
researchers thought could “use thinking tools to teach lesson to improve students’
reasoning”. Teacher C taught mathematics 5 years and 4 months. In addition, she took
part in the training class provided by Chinese educators since September 2017. She
used TTs for three years and four months until the final interview.

There are two reasons to choose Teacher C as a research collaborator. Firstly, TEM
chose research collaborators based on Historically Structured Inviting (HSI). HSI
occurs when required researchers invite representative collaborators who have expe-
rience achieved EFP to discuss how collaborators changed [34]. This is a new way to
choose sample to understand human’s developmental trajectory based on equifinality
sampling in qualitative methodology of Cultural Psychology [29, 34, 35]. Secondly,
choosing one teacher can depict the specific process of using TTs. Based on the 1/4/9
principle, where 1 or 2 persons can clarify the specific process, 4 ± 1 person can
clarify the multiple experiences, and 9 ± 2 person can clarify the patterns of the
developmental process [34, 35].

5.4 Data Collection

To ensure that the teacher remembered her experiences and to confirm what social
factors influenced her usage, the researchers explained the research theme and defined
TEM with simple terms. After Teacher C understood and accepted the research theme

Table 1. Concepts of TEM used in this study

Concepts Definition Positioned in this study

Equifinality Point
(EFP)

A given end state that can
be reached

Using TTs to teach lesson for
improving students’ reasoning

Polarized
Equifinality Point (P-
EFP)

A potential EFP Using TTs to teach lesson without
improving students’ reasoning

Bifurcation Point
(BFP)

Bifurcating point to
acheive EFP

Bifurcating points in practing TTs to
go to EFP

Social Direction
(SD)

The social power of
inhibition go to EFP

Social power inhibited teachers using
TTs to achieve EFP

Social Guidance
(SG)

The social power of
promotion to go to EFP

Social power promotted teachers using
TTs to acheive EFP
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and TEM, researchers began the interviews. To ensure that Teacher C was relaxed and
would talk freely, the authors went to her schools and interviewed her in a secluded
room without others present. Based on Trans-view interview strategy, the authors
collected data three times. Trans-view is an interview strategy in which researchers
confirmed contents three times to establish agreements with the researcher collaborator
[34]. The authors asked Teacher C about when and what she learned from face-to-face
training and online support, how she used TTs, what options she chose or might choose
when she encountered problems, and what social factors influenced her choice. The
interview times for the first, second, and third time were about 83 min, 101 min, and
30 min, respectively.

5.5 Analysis Procedure

To draw TEM diagrams, the authors analyzed data using the steps in Fig. 2.

First, the authors divided the data based on meaning, and wrote short titles for
identification. The data was sorted by time, before drawing a TEM diagram that was
shown to Teacher C. Second, Teacher C read her TEM diagram and talked in more
detail about the learning from face-to-face training and online support and how she
used TTs and the social factors. Then, researchers drew a TEM Diagram as in Dia-
gram 2. Third, the authors showed the edited TEM again to Teacher C, and asked
teachers for their opinions, before modifying it again. The authors quoted content of the
TEM in italic type, and cited the interview data with “”.

6 Result and Discussion

From the data, the authors drew a diagram in Fig. 3, which showed the developmental
process of how Teacher C reached the point of using TTs to teach lesson for improving
students’ reasoning (EFP). Through the TEM diagram, the authors discovered that the

Fig. 2. Procedure of analysis and drew TEM diagram
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developmental trajectory of Teacher C could be divided into five stages: application of
TTs, trials of improving students’ reasoning, reflection of the usage of TTs in one year,
“Aha” experience of matching TTs with specific thinking skills and shifting the focus
from TTs to reasoning.

6.1 Stage 1: Application of TTs

In Stage 1, the stage of application of TTs, Teacher C took part in training classes for
TTs twice. An official working in the Municipal Board of Education (SG1) required
Teacher C to hold a Lesson Study in the city when she received the second training
class. She was given one-week to prepare for the Lesson Study.

In preparation for the Lesson Study, Teacher C quickly downloaded materials
about TTs from the QQ community (BFP1). Due to the lack of time (SD1), Teacher C
felt anxious to fulfill the “task” from her superiors and made great effort to use TTs in
class. She might not have use TTs in the class if the official from the Municipal Board
of Education (SG1) did not ask her to hold the Lesson Study. However, Teacher C
found that some student could not participate in group-thinking activities.

She encountered great pressure of opposition from senior teachers in school (SD2)
when she wanted to continue to use TTs. She might not have been able to modify the
design of group activities without the suggestions from the researchers in the first
Lesson Study (SG2). Then, she modified the designs about group activities and
attempted to encourage all of students to think. As a result, she noticed that using TTs
easily trigger all of students to think in the first stage.

In this stage, Teacher C downloading materials about TTs from the QQ community
(BFP1) was the first bifurcating point. She accessed rich resource in a week through the
QQ online community. This showed that QQ online had the advantage of supplying
rich resources for teacher in a short time. From the perspective of social factors, the
authors discovered Requirement from Municipal Board of Education (SG1) promoted
Teacher C to use TTs in the class, but the deadline was too short. This illustrated the
top-down power structure that was used when introducing TTs into the classroom.
Furthermore, opposition of senior teachers (SD2) also created great stress for
Teacher C. This phenomenon indicated that some teachers, especially senior teachers,
who were comfortable using traditional strategies, did not favor the introduction of
teaching innovations. This result was consistent with Zhao and Frank who identified
traditional pressure in school worked against teaching innovation [22].

194 X. H. Zhang et al.



6.2 Stage 2: Trials of Improving Students’ Reasoning

Stage 2 was the stage of the trials of improving students’ reasoning. First, Teacher C
realized her lack of understanding of TTs and learned how to use TTs to design lessons
in training classes. However, she was puzzled about how to use TTs in mathematics

Fig. 3. The TEM of developmental trajectory of Teacher C
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and discussed the types of thinking skills that needed to be improved in mathematics
with Chinese educators (BFP3) using QQ. She great difficulty using TTs since the new
principal at her school knew little about TTs (SD3) and the the director of the research
group was transferred to a new school. She said she felt “very sad” because of the lack
of support from the management level in the school. After discussion with a learning
partner in the school (SG3) and with approval from the second Lesson Study,
Teacher C decided to use TTs in a lesson on students’ reasoning, (SG4). She was
surprised with the reasoning process that students showed when using TTs while she
guided children’s thought based on reasoning. She felt extremely happy about the
results and wanted to learn more about how to guide students thinking. In Stage 2,
online support, discussion about specific thinking skills (BFP3), was the bifurcation
point after Teacher C encountered problems on how to use TTs in mathematics.
Teacher C connected with Chinese educators to seek problem-solving methods.

In the Foshan area, the management level administrators in schools are relocated
every three years. The relocation of the principal and the director of the research group
in the school seems to create great social stress for Teacher C. In the study of Zhao and
Frank, the management level in school influenced teachers using new strategies [22],
but they did not mention how the relocation of personnel affected teachers’ choice-
making. In this study, the authors indicated that relocation of management level offi-
cials in school should be considered when teachers used TTs.

6.3 Stage 3: Reflection of the Usage of TTs in One Year

Reflection on the usage of TTs in one year was Stage 3. In this stage, the social
directions were influenced by the new principal who knew little about TTs (SD3) and
the job-transferring of the director of research group in school (SD4) which was the
same as Stage 2. Teacher C was interested in the guiding thinking methods of Japanese
veteran teachers in a training workshops and decided to visit Japan to participate in
international workshops. She discussed the details about presentation through QQ
online support (BFP4) and then reflected on the process of using TTs.

Some officials of Municipal Board of Education also took part in this international
workshop. The support from the Municipal Board of Education (SG5) motivated the
teacher to reflect deeply on the practice of her usage of TTs. After reflecting on the
experience of using thinking tools in one year, Teacher C began to explain her usage of
TTs in her own words. Without support from the Municipal Board of Education (SG5),
to motivate her to improve her presentations, Teacher C might have only highlighted
the presentation but not reflection of the process.

Akita identified that teachers easily reflected on what happened recently, but had
difficulty reflecting on the entire process of activities over the long term [23]. However,
Teacher C was able to do so, after she discussed the details about presentation (BFP4)
with Chinese researchers through QQ online support. The social directions were the
same as Stage 2, where she reflected on the entire process about how she used TTs
because of the social guidance and support from Municipal Board of Education (SG5).
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6.4 Stage 4: “Aha” Experience of Matching TTs with Specific Thinking
Skills

Unduly high status of knowledge-acquisition (SD5) was expended on Stage 4 but this
was the most important stage for Teacher C. In this stage, she presented and discussed
her usage of TTs with the teachers in Japan and China (BFP5). Then, she experienced
an “Aha” moment through communication with teachers who had also used thinking
tools in Japan and China. A teacher who was listening, asked her: “why did you not use
a flower (one kind of graphic organizers) to express the results of students’ thought?”
Teacher C was surprised with this question that she never considered, and then engaged
in finding the answer at that moment. “Aha! TTs should match with specific thinking
skills!!! I suddenly recognized it!” she talked about this “Aha” experience four times in
the interview. Through these “Aha” experiences, she gained awareness of essential
aspects of using TTs.

In Stage 4, the face-to-face workshop was the bifurcation point. Due to the high
status of knowledge-acquisition (SD5), Teacher C had difficulty realizing that the
teaching goal of using TTs was not for knowledge-acquisition but for improving
thinking skills. Even if educators told her, she could not generate the meaning in her
mind, in the international workshops, she was fully immersed in the presentation and
discussion. She suddenly experienced “Aha!” moments and recognized that “TTs
should match with specific thinking skills!!!” The “Aha!” moment often occurred in the
activity with accompanying feeling of focus and involvement [27, 28]. The authors
considered that teacher could easily experience “Aha” moments as follows. Firstly,
Teacher C had long-term experiences of using TTs in blended learning environment in
the Stage 1, 2 and 3. The “Aha” moments were the developmental stage but also the
result of her experience. Secondly, she was fully immersed in the presentation and
discussion in international workshop. Last but not least, the participants in the work-
shops were the teachers who also have experienced of exploring TTs. The environment
of workshop made her easily to catch the essential aspects, including the problems
teachers often met, why and how to use TTs.

6.5 Stage 5: Shifting the Focus from TTs to Reasoning

Stage 5 was when Teacher C shifted focus from TTs to students’ reasoning. After
returning to China, Chinese educators asked her to upload teaching materials and
reflection sheets related to how to use TTs to QQ (BFP6). After that, the support from
researchers decreased (SD6). However, Teacher C insisted on focusing on the logical
reasoning that matched with TTs and modulated the guiding thinking methods in this
stage because of two Social Guidance. The first SG was the approval of a senior
teacher (SG7). At Stage 1, the senior teachers did not approval of introducing TTs in
the school However, in Stage 5, senior teachers became accustomed to TTs. This kind
of change encouraged Teacher C’s inquiry to improve her use of TTs. The second SG
is when Teacher C did Lesson Studies twice, in the third and fourth Lesson Study
(SG8). She made an effort to improve the lesson on using TTs to improve students’
reasoning since many teachers in the city were going to see how she used TTs to
improve students’ thinking skills. These two Lesson Study supplied goals in a certain
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period. Goal-setting in the teacher’s mind was important to inquiry, using new
strategies better [15]. Therefore, she analyzed what types of specific thinking skills
were necessary based on teaching situations in mathematics. In addition, she analyzed
and chose suitable TTs, including new TTs, to match with specific thinking skills
depended on her own judgment. In BFP6, the possible choice was using TTs but not
with reasoning. As a result, she recognized great growth of students’ logical reasoning.
Finally, she arrived at EFP where she could use thinking tools to teach lessons to
improve students’ reasoning. As mentioned by Kitamura, teachers have difficulty
achieving the stage of focusing on specific thinking skills based on the situations in
their subject [36]. In Stage 5, Teacher C used TTs to focus on reasoning of students
because of the change of senior teachers’ attitude (SG7) and goal setting to hold Lesson
Study (SG8) motivated her to inquiry.

7 Overall Discussion

In the developmental trajectory of Teacher C, the authors discovered that four bifur-
cation points showing the decision-making were online support in Stage 1, 2, 3, and 5.
Teacher required help from researchers when she found some problems were difficult
to solve by herself when using TTs. As Kishi et al. indicated, teachers had difficulty
using new strategies when they have no experience [7]. Therefore, they need efficient
support from other educators. Through online supporting, educators gave Teacher C
sustaining guidance to solve her problems.

However, some problems were not easy to even identify since using TTs is a new
strategy to improve students’ thinking skills. For example, Teacher C, did not have a
clear understanding about improving specific thinking skills even if educators
explained it. In Stage 4, face-to-face workshops became the bifurcation point that
triggered her understand that TTs were used to match with specific thinking skills
through an “Aha” experience. Kurokami et al. [10] and Kansai University Elementary
School [11] pointed out that matching TTs with specific thinking skills in the subject
matter is a key point to improve students’ thinking skills. However, Kitamura said that
teachers had difficulty focusing on the specific thinking skills based on the subject
matter in the practice of using TTs [36]. The “Aha” experience only occurred in face-
to-face learning where there were multiple viewpoints in learning environments. It
showed she gained awareness of essential aspects that TTs should match with specific
thinking skills through face-to-face training. This illustrates the importance and time-
liness of workshops that offer multiple viewpoints.

The authors discovered the decision-making points after Teacher C learned from
face-to-face training and online support, were strongly affected by the social factors that
occurred in every stage. As Kubota [20] and Shulman [21] mentioned, a teacher’s
changing is social, and constructed by the social factors in the concrete situation.
Teacher C’s decision-making was consistent with the opinions of Kubota [20] and
Shulman [21]. However, these two studies did not show what kinds of social factors
affected teachers’ decision making. This study indicated the specific interaction
between social direction and social guidance in the decision-making point in the
developmental stages.
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Furthermore, in this case, some similar, social factors occurred in different stages
that indicated the types of social consequences that need to be highlighted. For
example, Lesson Study promoted Teacher C inquiry on how to use TTs in the Stage 1,
2 and 5. She decided to use TTs from the first Lesson Study, tried to use TTs for
reasoning from the second Lesson Study, and shifted the focus from TTs to specific
thinking skills from the third and fourth Lesson Study. Akita suggested that Lesson
Study greatly benefited teachers to reflect and make lesson better in school-based
lesson, district-lesson and national-level lesson [23]. In this study, the city-level Lesson
Study promoted Teacher C to explore TTs better since this city-level Lesson Study
provided goal-setting for her in some certain time. This indicates that Lesson Study is
helpful for teachers’ goal-setting and motivates them to inquire about how to nurture
students’ thinking skills.

In addition, this study found that the social factors in teacher’ learning community
was changeable, such as changing from social direction to social guidance. Teacher C
felt great pressure from the opposition of senior teachers (SD2) in using TTs in school
in Stage 1. However, in Stage 5, senior teacher started to use TTs. Approval of senior
teachers (SG7) greatly motivated Teacher C to focus on matching TTs with lessons on
reasoning. The changing of senior teachers’ attitudes, from opposition to approval of
using TTs, showed the possibility that changing social direction can provide social
guidance for teacher’ professional development.

8 Conclusions and Future Perspective

The purpose of this study is to examine Chinese primary school teachers’ develop-
mental stages in blended learning environments when exploring the use of TTs for
improving students’ thinking skills. By using TEM diagrams, a Chinese primary tea-
cher went through the following five stages: Stage 1: application of TTs, Stage 2: trials
of improving students’ reasoning, Stage 3: reflection of the usage of TTs in one year,
Stage 4: “Aha” experience of matching TTs with specific thinking skills (reasoning),
Stage 5: and shifting the focus from TTs to reasoning. In Stage 1, 2, 3, and 5, online
support provided the major turning points. In Stage 4, face-to-face training workshop
was the transformation point that triggered the “Aha” experience. The importance of
the two learning types, of online support and face-to-face training, were shown
although the effectiveness occurred in different stages.

This study also found that social factors, such as the relocation of management
level officials in the school, influenced what decisions the teacher made at the turning
points in every stage. These social directions inhibited Teacher C from inquiry. The
social guidance, such as sustaining Lesson Study and Multiple viewpoints in interna-
tional workshop, encouraged her to continue to inquiry about how to use TTs for
improving students’ reasoning.

To help Chinese teachers use TTs that match with students’ specific thinking skills,
in the future, the authors proposes some suggestion that will design a blended learning
environment in a professional developmental community as follows. Educators need to
(1) provide sustaining online support for teachers’ problem-solving, and create more
face-to-face workshops to encourage professional dialogue with multiple viewpoints
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and to foster “Aha experiences”, (2) eliminate or decrease the social directions, by
creating explanation sessions and generating a manual about TTs to relieve the pressure
from the relocation of management level officials occurring in schools, and strengthen
the social guidance, such as creating different level Lesson Study to motivate teacher to
inquire about how to use TTs at every developmental stage.

It should be noted that this study examined the specific developmental trajectory of
one representative teacher in a blended learning environment. Based on Yasuda et al.,
examining 9 ± 2 persons could find the patterns of developmental process [34]. To this
end, future studies are suggested to examine a larger number of teachers’ develop-
mental model to clarify the patterns of the change process in the blended learning
environment when Chinese primary teachers use TTs to guide students’ specific
thinking skills.
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Abstract. It is crucially important that educational practitioners and researchers
pay attention to the students with poor academic performance and help improve
their learning. The behaviors of the students using online learning systems can
be used as one important data source to analyze the students’ learning behaviors.
From the viewpoint of formative assessment, we define one student as a student
with poor academic performance during one learning period if this student is
classified into a student with poor academic performance in three quarters of all
examinations during this period. After screening all students’ mathematic exam
scores from Grade One to Grade Three of one experiment class in a junior high
school in China, six students are identified as students with poor academic
performance in math education during nearly three years’ study period. They
performed worse in most examinations, but not bad in some examinations.
Based on the OLAI (Online Learning Activity Index) model proposed by Jia and
Yu (2017) to describe the students’ online learning activities, we analyze the
students’ online quiz activity in a web-based interactive learning system by
comparing the values of the OLAI dimensions of the students. The data analysis
shows that every student had his or her own feature, and thus individual
approaches to help each student are suggested. All the poor students had a bad
performance in the starting point, i.e. the first exam. Their deficiency in previous
study prevented them from understanding new knowledge and should be
overcome at first. Overall, their online performance is positively correlated with
the normal exam performance. The online quiz activities with instant feedback is
helpful for the students with poor academic performance in their normal exams.
The more challenging quizzes and the frequent help from teaching assistants
online must not lead to better performance in normal exams.

Keywords: Poor academic performance � Formative assessment �
Online learning behavior � OLAI (Online Learning Activity Index) �
Learning analytics � Mathematics
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1 Concept Definition and Research Question

In educational practice and research, it is of crucial importance that educational
practitioners and researchers to be concerned with the students with poor academic
performance and to assist them to improve their academic performance. If one student
in primary and secondary schools has poor academic performance, but cannot get
timely help from the teachers and parents, he or she often has to receive remedial
education before entering the ordinary higher education. How to identify a student as a
student with poor academic performance remains to be discussed. The different cutoff
scores used to identify poor academic performance often range from student exami-
nation performance at the 10th to the 45th percentiles. We define the student as a
student with poor academic performance in one examination, if he or she has the score
below the quartile in this exam (Geary and Hoard 2005). From the viewpoint of
formative assessment, the student who just fails in one exam cannot be defined as a
student with poor academic performance. We define one student as a student with poor
academic performance during one learning period such as three school years, if he or
she has poor academic performance in three quarters of all exams during this whole
period.

In recent years, besides one-to-one tutoring and other traditional approaches, many
intelligent or interactive online tutoring systems have been used to assist the students’
learning. The automatically recorded behaviors of the students using online learning
systems can serve as one important data resource to analyze the learning features and to
explore the relation between online learning behavior and normal exam performance.
In this paper the following two questions will be addressed regarding the students with
poor academic performance in mathematics study:

What are the online learning features of those students?
What is the relation between their online learning feature and their performance in

normal school exams?

2 Related Work

One student with poor academic performance has learning difficulties, and cannot
improve his or her competence by self-regulated learning. A great number of
researchers have studied the students’ learning difficulties generally (Sweller 1994;
Chappell 2000; Gustafsson et al. 2013) and in different school subjects including
mathematics (Shalev 2007; Lewis 2014; Roschelle et al. 2016), language (Ellis 2006),
science (Bahar et al. 1999; Sirhan 2007), and so on. Because mathematics is the
foundation to learn other school subjects and very important to logical thinking, the
learning difficulties in mathematics have been investigated for a long time. Many
notions are used to describe the students with poor mathematic performance, such as
mathematical learning disability (MLD), mathematical low achievement (MLA),
mathematical learning difficulty (MLD), and mathematical struggling learner (MSL).
The previous experience and basis, motivation, interest, habit, the attitude from parents,
teachers and other students, and other factors all may contribute to learning difficulties
in mathematics.
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Educational technology has been used to help the students with poor academic
performance, and the positive effect has been evidenced in many relevant studies
(Burns et al. 2012; Ok and Bryant 2016; Roschelle et al. 2016; Satsangi and Bouck
2015; Zhang and Zhou 2014). However, the detailed analysis of the online behavior of
the students with poor academic performance by using the learning systems and its
relation with the normal exam performance has not been found in our literature review.

This study attempts to fill in this gap. We scrutinize the online learning behavior of
one experiment class in China that regularly used one intelligent web-based mathe-
matics instruction system, and explore the relation between their online learning
behavior and the scores in regular exams.

3 The Students with Poor Academic Performance
in the Experiment Class

The experiment class is one normal class in a junior middle school located in Chengdu
City, Sichuan Province, one province in south-western China. This class existed
between September 2015 and June 2018. In the first school year this class included 49
students. In the second and third school year, three students were absent in all exams,
and are excluded in this analysis.

We collected the scores of 48 exams held between November second, 2015 and
January 24th, 2018, including mid-term and final term tests. Not all students took part
in every exam, as some were absent due to different reasons.

By the first screening, we set the exam score to zero for the absent students to
examinations and calculate the quartiles for all examinations, just like the simple
measuring regulation in school practice. The following result are found: none of the
students had always been below the quartile in all 48 examinations; 11 students had
never been below the quartile in any examination and belonged to 22.9% or near one
quarter of all students; the students whose exam scores had at least once been below the
quartile counted 35 and belonged to 77.1% or three-quarters of all students; the mean
and median counts of all students with their exam score below the quartiles for all
exams was 11.3 and 4, respectively. According to the previous definition, four students
were classified as the students with poor academic performance during the study time
between November second, 2015 and January 24th, 2018. The students are anony-
mously identified as Pu, Tang, Wen and Zhong, and had the poor academic perfor-
mance in 47, 46, 41 and 43 examinations, respectively.

By the second screening, we exclude all the students who had not taken part in at
least one exam for the sake of comparableness and then 28 students were included.
After calculating the quartiles for all examinations, the following results are found:
none of the students had always been below the quartile in all 48 examinations; seven
students had never been below the quartile in any examination and belonged to 25% or
just one quarter of all the students; the students whose exam scores had at least once
been below the quartile counted 21 and belonged to 75% or three-quarters of all the
students; the mean and median of all students’ count with their exam score below the
quartiles for all exams was 11.85 and 2.5, respectively. According to the previous
definition, four students were classified as the students with poor academic
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performance during the study time between November second, 2015 and January 24th,
2018. The students are identified as Liang, Wang, Wen and Zhong, and had the poor
academic performance in 39, 39, 44 and 46 examinations, respectively. Because in this
screening all the students who did not write the exam were excluded, the score quartiles
of all examinations were more than that in the first screening. The improved quartiles
explain why the two students Wen and Zhong had poor academic performance in more
exams than in the first screening. The other two students Liang and Wang had poor
academic performance in 32 and 33 exams respectively in the first screening.

Through the two screening, we classify the six students into students with poor
academic performance in the research period: Liang, Wang, Pu, Tang, Wen and Zhong.

The time series distribution of the regular exam scores of the six students with poor
academic performance is shown in Fig. 1. It cannot be estimated from the figure when
the students had a better performance or worse performance. The only common feature
of the six students is that they all had worse performance in the first examination.

Figure 1 shows that two students, namely Liang and Wen, performed better in the
last exam of the whole period. From the point view of summative assessment, both
should not be classified as students with poor academic performance in the last exam.

Fig. 1. The time series diagram of the score rank in normal exams of the six students with poor
academic performance, with the top circle representing that the student is below the quartile and
the down circle representing that the student is above the quartile.
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Because mathematics learning is a cumulative process, the score of one student in the
first exam is the starting base point, and the score in the last exam is the end point, the
six students’ scores in the first and last exam are listed in Table 1. In the first exam, Pu
performed the worst, and Wang performed the best. In the last exam, Laing and Wen
performed the best, while Tang did not write the quiz.

In the next section we will analyze the students’ online learning behavior based on
the OLAI model.

4 The OLAI Analysis of the Students Using a Web-Based
Interactive Learning System

“Lexue 100” (with the Chinese meaning Happy Learning for 100 Percent, http://www.
lexue100.com) is a web-based intelligent instruction system for school mathematics,
developed by Beijing Lexue 100 Online Education Co., Ltd. More than 6.8 Million
quizzes have been designed for the different versions of mathematics textbooks that are
used in different provinces and metropolis in China. Writing quizzes is the main learning
activity in this system. Each quiz is composed of a series of gap-filling or single-choice
questions with predefined standard answers. As soon as one student submits the trial
answer to the system, the trial answer can be compared with the standard answer, and the
corresponding quiz score and feedback are instantly provided to the student. Users are
allowed to pass the quiz only if every answer gets right, meaning that if the first try of one
student is wrong, the student will have to try again until the answer hits the point.

The OLAI (Online Learning Activity Index) model was proposed by Jia and Yu
(2017) to describe the students’ online learning activities. OLAI can be calculated by the
summarization of standardized and dimensionless speed, quality and quantity to com-
plete one activity, i.e. OLAI = speed + quality + quantity. This formula means that
OLAI is also a dimensionless value and can comprehensively describe the learner’s
online learning behavior. Furthermore, the OLAIMAA (OLAI Mean of All Activities)
can be used to measure one learner’s online learning activities during a certain period on
average and the OLAISAA (OLAI Sum of All Activities) can be used to measure one
learner’s online learning activities from a summative perspective. Similarly, the online
learning performance of a specific learner group, such as a class or a school, can also be
described by similar indexes such as OLAIMAAAP (OLAI Mean of All Activities of All
Participants) and OLAISAAAP (OLAI Sum of All Activities of All Participants).

Table 1. The scores of the six students in the first exam and the last exam

Student First score Last score

Liang 54 81
Pu 28 63
Tang 47 0
Wang 68 71
Wen 62 81
Zhong 62 71
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In Jia and Yu (2017), the concrete formulas to calculate the three dimensions of the
OLAI for the quiz activity in the “Lexue 100” system was introduced in details. Based on
those formulas, we calculated all the OLAI values for the 46 students in the experiment
class during the study period between November the second, 2015 and January the 24th,
2018. The quartile for the quizzes number completed by all students is 1061. Like the
scores in all regular school examinations, the percentiles for the OLAI dimensions are
also calculated so that the corresponding position of the six students with poor academic
performance in the experiment class regarding their OLAI values can be shown as in
Table 2. The cell value is set to Yes, if the student’s value is below the quartile among
the 46 students in the class; otherwise the cell value is set to No. In addition, in order to
compare the students’ performance, the values of the OLAI dimensions of the six stu-
dents, together with the mean and median value of the whole class, are listed in Table 3.

Tables 2 and 3 show that none of the six students performed poorly in all the eight
OLAI dimensions. Among them, the student Pu and Zhong performed the worst in
online activities with 6 dimensions below the quartiles. The student Tang and Wang
performed worse with 4 dimensions below the quartiles. The student Wen performed
better just with one dimension below the quartiles. The student Liang performed the
best in online activities with all 8 dimensions above the quartiles. We depict the six
students’ online behavior in the following details.

Table 2. The positions of the 6 students with poor academic performance in the experiment
class regarding the OLAI dimensions represented by whether the value is below the quartile in
the class.

Student OLAI
SAA

OLAI
MAA

Speed
sum

Speed
mean

Quality
sum

Quality
mean

Quantity
sum

Quantity
mean

Liang No No No No No No No No
Pu Yes Yes No Yes Yes Yes Yes No
Tang Yes No No No Yes Yes Yes No
Wang No Yes Yes Yes No Yes No No
Wen No No No No No No No Yes
Zhong Yes Yes No No Yes Yes Yes Yes

Table 3. The values of OLAI dimensions of the 6 students with poor academic performance

Student OLAI
SAA

OLAI
MAA

Speed
sum

Speed
mean

Quality
sum

Quality
mean

Quantity
sum

Quantity
mean

Liang 3692.3 2.74 303.1 0.22 1222 0.91 2167.2 1.61
Pu 451.8 2.27 −37.5 −0.19 159.6 0.8 329.7 1.66
Tang 2077.3 2.72 49.67 0.07 636.5 0.83 1391.0 1.82
Wang 4424.8 2.19 −519.8 −0.26 1633.4 0.81 3311.2 1.64
Wen 4277.2 2.6 281.6 0.17 1538.6 0.94 2456.9 1.49
Zhong 1108.7 1.94 −43.8 −0.08 451.5 0.79 701 1.23
Class
mean

3412.5 2.45 −54.7 −0.06 1235.0 0.89 2231.9 1.62

Class
median

3870.2 2.52 16.2 0.02 1326.7 0.89 2472.3 1.61

210 J. Jia and J. Zhang



Student Pu performed better in speed mean and quantity mean, but the quizzes he
wrote counted below the quartiles of all students. This behavior means he completed
totally 199 quizzes, much less than others, but the questions in the quiz quantity
counted as usually, and the average speed to complete the quizzes was also satisfying.
However, the quality to complete the quizzed was bad and should be improved. This
student completed only fewer required quizzes fast. In normal examinations, this
student performed the worst in the whole class from the first through the last exam
except twice, and thus should be paid special attention by the teachers and the parents.

Student Zhong performed better in both speed sum and mean, but the quizzes he
wrote counted below the quartiles of all students. This behavior means he completed
totally 569 quizzes, less than others, but the speed to complete the quizzes on average
and in sum was satisfying. However, both the quality and quantity to complete the
quizzed were bad. This student completed only fewer required quizzes very fast, but the
completion quality should be improved. This means he did the online quizzes just
perfunctorily. In normal examinations, this student performed worse in all exams
except six, and thus should be paid special attention by the teachers and the parents.

Student Tang performed better in both speed sum and mean, as well as quantity
mean and OLAIMAA, but the quizzes he wrote counted below the quartiles of all
students. This behavior means he completed less quizzes (totally 764) than others, but
the quality to complete the quizzes on average and in sum was not satisfying. This
student completed only fewer required quizzes with more questions very fast, and the
fast speed on average and in sum plus the average quantity lead to better OLAIMMA.
This means he did the online quizzes just perfunctorily. In normal examinations, this
student performed worse in all exams except three, and thus should be paid special
attention by the teachers and the parents.

Student Wang performed better in both quantity sum and quantity mean, as well as
quality sum and OLAISAA, and the quizzes he wrote counted above the quartiles of all
students. This behavior means he completed totally 2019 quizzes, more than others,
and the quizzed contained more questions than usual and are more difficult for him. But
the speed and quality to complete the quizzes on average were not satisfying. This
student very slowly completed more required quizzes with more questions, and the
quality for some quizzes was very good. The better quantity on average and in sum plus
the quality sum lead to better OLAISAA. In normal examinations, this student per-
formed worse in 33 exams, and thus should take acre about the exams with bad records.

Student Wen performed online worse just in the dimension of quantity mean, but
better just in 6 normal exams. Student Liang performed better in all dimensions, but
better just in 10 normal exams. These two students completed the required quizzes with
both better quality and speed on average and in sum, thus the OLAISAA and
OLAIMAA were also satisfying. But they performed worse in most normal exams than
the other average students in the class, though better than the other five students with
poor academic performance. The reason may be that they did not complete the online
quizzes by themselves, but with others’ help. This guess was just verified in half by
checking the online questions-answering records. While writing the quiz online, the
student can call for instant help from the distant teaching assistant. Through chatting
the assistant can answer the student’s questions about the current quiz. The question-
answering log data show that Student Wen had more times’ question-answering online
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than usual, but the Student Liang had usual question-answering. Through the online
help, the student Wen could complete the quiz, but this help did not result in better
performance in regular classroom exams.

The time series distribution of the OLAI and its three dimensions’ values including
speed, quality and quantity for all online quiz activities of the six students is shown
Fig. 2. Obviously, the student Pu had taken part in much less activities than others, and
the student Zhong had fewer quizzes from July 2017 to January 2018. Except the
winter vacations in January and February 2016 and 2017, as well as the summer
vacations in July and August 2016 and 2017, the other four students continued to write
quizzes. The OLAI and its three dimensions’ values of the six students varied not
much. But exceptionally the student Wen had three very low and negative values in the
dimension speed and corresponding OLAI values. A negative speed in one quiz means
that this student completes this quiz slower than the average students.

If the student Wen’s three exceptional values are excluded, the time series distribution
is shown in Fig. 3 with greater clarity. The student Liang had the most stable online
performance with less activities whose speed and OLAI value were below zero. This
phenomenon confirms the quartile analysis that Liang has less activities whose OLAI

Fig. 2. The time series distribution of the OLAI and its three dimensions’ values of the six
students with poor academic performance.
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values were below the quartiles of all students. This student’s better online performance
corresponds to the better performance in normal exams among all the six students.

The student Wang and Wen constantly participated in most quizzes. Although they
completed some quizzes very slowly so that the speed was negative enough to lead to
the negative OLAI value, the speed of most quizzes was positive enough so that the
speed mean and sum were above the quartile of all students. The Student Wen’s better
online performance on average did not result in better performance in normal exams.
The reason may be that the online quizzes were completed with the help of online
teaching assistants. If this student could not get instant help, he or she might spend
much longer time on completing the difficult quizzes.

The students Pu, Tang and Zhong could not completed the most quizzes, and so
had also worse performance in normal exams.

5 Findings and Conclusion

After screening all students’ exam scores from Grade One to Grade Three of a class in a
junior high school, we identified six students as students with poor academic perfor-
mance during the study time. The quartile analysis of their exam scores show that their
chance to get the worse scores, i.e. the scores below the quartiles was randomized.
They performed worse in most examinations, but not bad in some examinations. It
could not be predicted in which exam they could performed better.

Fig. 3. The time series distribution of the OLAI and its three dimensions’ values of the six
students with poor academic performance excluding three exceptional values.
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The students’ online quiz activity analysis using the OLAI model shows that two
students Liang and Wen performed better in the online quizzes, the student Tang and
Wang performed at the intermediate-level, while the other two Pu and Zhong per-
formed worse in the online quizzes. Among the six students, Liang was the best one in
normal exams, Pu and Zhong performed the worst in normal exams. In the last exam of
the research period, the scores of both Liang and Wen were above the quartile of all
students, and were the best twos among the six ones. Considering that the performance
of both Liang and Wen was not the best twos among the six ones on the first exam, but
their online learning activities’ quality and quantity on average represented by
OLAIMAA and in sum represented by OLAISAA were the best twos, we can infer that
the online performance is positively correlated with the normal exam performance, at
least from the point view of summative assessment.

The two students Liang and Wen had some difference. The student Wen had a
better starting point (62) than Liang (54) in the first exam, and performed better online,
but the performance in regular exams was worse than Liang. This paradox can be
somewhat explained by the frequent online question-answering behavior of this
student.

The student Wang had the best OLAISAA because of the best quantity sum, i.e.
Wang completed more quizzes containing more questions, or this student liked to
challenge more difficult quizzes. However, those difficult quizzes took this student
more time, and the completion quality wasn’t good. This hard work might become
cognitive load to the student (Sweller 1994), but could not lead to better mastery of the
learned content and better performance in regular exams.

Based on the above findings, we can conclude that the online quiz activities with
instant feedback is helpful for the students with poor academic performance in their
normal exams, but too challenging quizzes may become cognitive load, and the fre-
quent help from teaching assistants online must not lead to better self-thinking about
learning content and corresponding performance in normal exams.

All the poor students had a bad performance in the starting point, i.e. the first exam.
Their deficiency in previous study prevented them from understanding new knowledge
and should be overcome at first. It is necessary for the school and parents to help them
with reviewing the previous mathematic knowledge learned in the primary school
before they began the learning in the junior high schools.

6 Limitation and Further Studies

This paper just studied six students with poor academic performance in one experiment
class in a junior high school. In the future we will investigate more students in more
classes to validate the findings from this study. With a bigger sample, statistical
approaches like ANOVA, Pearson correlation analysis, and regression analysis could
be adopted to determine how significant the difference between the students’ online
behavior is, and what the correlation between the school exam and online behavior is.

The analysis method used in this paper, i.e. formative assessment based on the
students’ learning behavior measured by the OLAI, may be also suitable for good and
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medium students. We will analyze the behavior of good and medium students and
explore the behavior difference among them in the further studies.
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Abstract. This study provides a new view on blended learning. It describes
successful mobile blended learning, which is based on the combination of tra-
ditional, face-to-face classes and the use of mobile app, which was exploited as
support for the retention and practice of new English words and phrases at the
Faculty of Informatics and Management of the University of Hradec Kralove,
Czech Republic. The purpose of this article is to evaluate the effectiveness of the
use of mobile app on students’ learning achievement in the university Course of
Practical English Language. The methodology is based on an experiment and
statistical analysis of students’ achievement results. The findings of this study
confirm that the use of mobile app is effective in learning new words and
phrases, which is in line with other studies on this topic. In fact, the use of app in
informal settings extends and enriches student’s learning environment and
enhances student’s learning potential. Future research should continue in order
to obtain more subject samples. It will be also important to see if the success rate
of students who use the mobile app while studying changes or remains the same
over time. In addition, the authors might research students’ motivation and
attitude towards the use of mobile app.

Keywords: Mobile blended learning � English learning � Vocabulary learning �
Mobile app � Effectiveness

1 Introduction

Nowadays, young generation cannot imagine their life without using a mobile phone,
respectively a smartphone, on a daily basis. Almost 90% of young people at the age
of 18–29 years own a smartphone [1]. Therefore, mobile learning, as a branch of
e-learning [2], has inevitably become a new approach to teaching and learning, espe-
cially in institutions of higher learning [3–5]. The reason is that mobile learning enables
students to learn anywhere and at any time thanks to the easy portability of mobile
devices, students can proceed according to their own pace ubiquitously. However,
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in comparison, with e-learning, learning phases are shorter, but occur more often [6].
Therefore, there is a chance that such repetitive learning will have a positive effect on
the retention of new knowledge in students’ long-term memory. Furthermore, since
smartphone displays are smaller than those of laptops or tablets, the content must be
adjusted accordingly.

Mobile learning is usually conducted as support to traditional teaching and more
recently, the so-called mobile blended learning started to be used. In this study the
concept of mobile blended learning (MBL) is perceived as a combination of traditional,
face-to-face formal learning with the use of mobile application (app) in informal set-
tings, outside the traditional classroom. Compare with [3, 7]. In such environment, the
learner has a greater control over his/her learning as formal and informal learning
converges and greater opportunities for collaboration emerge. In this context, the
teacher must be much more aware of how to support their students’ learning in order to
potentialize it in the most effective way.

At present, MBL is also used in English language teaching (ELT) [8–10]. In fact,
pure mobile applications are the most widely used applications in the English
m-learning context [11]. Although MBL is used to increase all four language skills, i.e.
listening, reading, speaking, and writing, research studies reveal that it is especially
effective in vocabulary learning [12–17]. This is primarily due to the small display and
therefore the content of an app is designed in small segments, which is suitable for
learning new words, possibly phrases.

This study describes successful MBL, which is based on the combination of tra-
ditional, face-to-face classes and the use of mobile app, which was exploited as support
for the retention and practice of new English words and phrases at the Faculty of
Informatics and Management (FIM) of the University of Hradec Kralove, Czech
Republic. The purpose of this article is to evaluate the effectiveness of the use of
mobile app on students’ learning achievement in the university Course of Practical
English Language.

2 Materials and Methods

2.1 Participants

Altogether 59 students attended the Course of Practical English Language in their third
year of study of Management of Travel and Tourism at FIM. 31 students were involved
in this course in the winter semester of 2017 and 28 students in the winter semester
of 2018. They were all full-time students. Their level of English according to the
Common Reference Framework for Languages (CERF) was B2-C1 [18]. Both courses
lasted 12 weeks, from the end of September to the middle of December. The face-to-
face classes were held regularly once a week for 90 min. Out the total number of
students, 41 students (experimental group) used the mobile app outside the classes and
18 students (control group) did not use it.
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2.2 Study Design and Hypothesis

The mobile app was designed according to students’ needs, which were analyzed at the
beginning of the winter semester of 2017. This analysis revealed that students needed
to learn and retain English vocabulary and phrases. The mobile app, called
Anglictina TODAY [19], comprises two application parts and one server part. The first
application part is designed as a web interface for the teacher (Fig. 1) and the second
application part is presented with a mobile app for students (Fig. 2). This app is
available both for the Android operating system and iOS.

Altogether, there are ten parallel lessons of vocabulary and phrases. The content of
each lesson is physically completed with words and phrases by the teacher. The stu-
dents must translate the word or the phrase from their native language into English.
Each lesson is done as a test and comprises on average of 15–18 new words and
10 new phrases. The selected words and phrases are always those discussed in the face-
to-face classes so that the students who do not use the mobile app can write them down
and practice then from their notes. All the words and phrases are related to their field of
study, i.e., tourism, the topics generated by the needs analysis. Furthermore, the teacher
tries to encourage the students to revise and practice the new words and phrases via
notifications sent to them on their smartphones at least twice a week.

Fig. 1. Teacher’s interface
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The methods also included methods of analysis and evaluation of the results of
students’ achievement tests were used, including a statistical analysis. The pass mark
for doing the final achievement test was 50%, i.e., 30 points. All the results were
recorded and statistically analyzed. The authors set the following hypothesis:

H: Students who use mobile apps in their studies have significantly higher learning
outcomes than students who do not use this app.

3 Results

In the statistical analysis of the impact of the use of the mobile application on students’
learning achievements, a sample of 31 students from the year of 2017/18 and 28
students from the year of 2018/19 was used. The sample size is therefore n = 59. The
results of their final test were recorded in the range of 0 to 60 points. The following
calculations were made using the IBM SPSS Statistics 25 software. The descriptive
statistics of both volumes are shown in Table 1 below.

Fig. 2. Mobile app screen

Table 1. Descriptive statistics for variable results of the final test in points with 95% confidence
interval for mean (authors’ own processing)

Year Mean Lower bound Upper bound Median Std. deviation Min Max

2017/18 39.23 35.55 42.91 40.50 10.03 21 56
2018/19 35.52 31.91 39.13 37.00 9.32 17 54
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In order to verify that both grades of students can be run in one sample,
Kolmogorov-Smirnov test for two samples (Z = 0.910, p-value = 0.379) was per-
formed. The difference between the achieved mean results of the final test results can be
considered statistically insignificant, as confirmed also by the Mann-Whitney test
(U = 340.5, p-value = 0.156). At the significance level of 0.05, the selection for the
years of study can be considered homogeneous.

Students were randomly assigned to two independent groups. The study group (an
experimental group), the size of which was n1 = 41, used a mobile application in their
study. The second group, whose size was n2 = 18, was a control group and did not use
the mobile app. Table 2 below provides an overview of this division.

The box diagram of the score results from the test is for the two groups of students
shown in Fig. 3 below.

Table 2. Division of students into an experimental group (students who use mobile application)
and a control group (students who do not use the application)

Year Control Experimental Total

2017/18 12 19 31
2018/19 6 22 28
Total 18 41 59

Fig. 3. A box diagram of students’ results
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From Fig. 3, it could be concluded that the students of the research group achieved
higher results as it has been expected. However, this observation is further confirmed
by the calculation. The descriptive statistics for both groups of students is provided in
Table 3 below.

As it is shown by the Kolmogorov-Smirnov test, at the significance level of 0.05,
we cannot reject the hypothesis that the scores achieved by the students in the
experimental group (Z = 0.110, df = 41, p-value = 0.200) and the control group
(Z = 0.129, df = 18, p-value = 0.200) come from normal distribution.

For the difference of average gain of final test points for both groups of students, a
two sample t-test with the same variance was performed (F = 0.066, p-value = 0.799).
For this test, t = −4.100, d.f. = 57 and p-value < 0.01 were found. At the significance
level of 0.01, there was a statistically significant difference between the average results
achieved by students who use the mobile app and those who do not use it when
studying English. In other words, the observed difference in the gain of points in the
test in the experimental and control group is not random. In this way, the set hypothesis
that students who use mobile apps in their studies have significantly higher learning
outcomes than students who do not use it can be accepted.

4 Discussion

The findings of this study confirm that the mobile app is an effective tool in learning
new words and phrases. The data obtained in both years of 2017/18 and 2018/19,
during which the mobile app was used, show (compare Table 1 and the results of the
nonparametric tests) that its positive effect on study success is comparable in both
years. However, the effect of time will also be monitored in the following years to
confirm or modify this observation.

Human learning is very individual, and it is not possible to adapt to all the
requirements, to the objectives and the tempo of all the students within the framework of
teaching. Implementing the mobile app into the classroom allows students to adapt their
studies to their personal needs and abilities. Thanks to the used platform, the app is also
very accessible. This all results in the improvement of the student’s learning outcomes.

The results of this study are thus in line with other research studies on this topic
[12–17, 20, 21]. For instance,Wu [12, 13]maintains that students using a smartphone app
for learning English words can retain more words, around 89 words more than the
students who do not use it. Mahdi [15] in his meta-analysis illustrates a medium effect of

Table 3. Descriptive statistics of the results of the final test in points divided into experimental
group of students and control group of students with 95% confidence interval for mean (authors’
own processing)

Group Mean Lower bound Upper bound Median Std. deviation Min Max

Control 30.47 26.40 34.55 29.00 8.20 17.0 42.5
Experimental 40.54 37.73 43.34 42.00 8.88 19.0 56.0
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usingmobile devices on both receptive and productive vocabulary learning (g = .67). In
addition, he indicates that adult students benefit from using mobile devices in vocabulary
learning more than young learners. Rezaei et al. [16] point out that it is also important to
present the contents through graphics to show themeaning ofwords, which helps students
remember these words. Furthermore, the results of their study also revealed that when
students had used themobile apps, theirmotivation for vocabulary learning had increased.

The authors found only one study [22] whose results showed no significant dif-
ference between the experimental and control group in their post-tests on vocabulary
knowledge. However, there was a positive effect on vocabulary learning in the delayed
post-test in the experimental group.

Although the words and phrases are learned via the mobile app in isolation, they are
practiced in class in context for their better retention (cf. [23, 24]). Furthermore, this
app is used as support to formal in-class learning and in fact, it extends and enriches
students’ learning environment outside the traditional classrooms [25].

In addition, there are other benefits of MBL. One of the benefits of the designed
mobile app Angličtina TODAY is its personalized approach. Firstly, students can learn
at their own pace ubiquitously. Secondly, they learn the words and phrases they need.
And thirdly, they get instant feedback on their progress.

Another benefit is also the fact that teacher has a chance to discover what his/her
students know before they enter their face-to-face lessons because s/he can see from the
mobile app statistics which words or phrases are the most problematic. Figure 4 below
illustrates students’ activity on practicing new words and their correct and incorrect
answers, as well as percentage of the correct answers.

Fig. 4. Statistical analysis of student’s knowledge of the practiced words

222 B. Klímová and P. Pražák



In class, s/he can revise these words/phrases with students again in order to retain
them. In addition, continuous repetition in small chunks can help students remember
the vocabulary more easily and effectively. In addition, students can remember the
words better because they must write the word, they can hear its pronunciation, they
can repeat it, and see its correct form. All these facts might then increase students’
motivation to use the app and practice the new words and phrases [26].

Overall, it is important to plan and control the whole pedagogical process, react to
students’ immediate needs and their language level and implement appropriate teaching
and learning methods. It is the teacher’s encouragement enhanced through different
methods (such as feedback or notifications) that is essential for students’ motivation to
use the mobile app and study the new words and phrases outside the formal learning
settings.

5 Conclusion

The results of this study indicate that the mobile apps are appropriate learning tools,
which thanks to their unique features (e.g. interactivity, ubiquity, or portability) and
with teacher’s encouragement motivate students to learn and they have a positive effect
on their learning outcomes. For further research on mobile devices and mobile com-
munication see Pikhart [27, 28].

Future research should continue in order to obtain more subject samples and thus,
more conclusive results. It will be also important to see if the success rate of students
who use the mobile app while studying changes or remains the same over time. In
addition, the authors might research students’ motivation and attitude towards the use
of mobile app.
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Abstract. At present, the physical health of primary and secondary school stu-
dents is declining while physical education plays an important role in improving
students’ physical quality. However, how to judge scientifically and accurately
students’ exercise load and ensure students’ exercise safety have become one of
the constraints in physical education. The application of wearable devices can help
teachers to understand students’ exercise data in time, but the analysis procedure is
complicated. Based on this, this paper puts forward a data analysis model of
wearable devices in physical education. The four steps are as follows: (1) under-
stand the whole (2) compare and observe (3) analysis and hypothesis (4) calibrate
and test. And then taking Binhe Primary School in Zhejiang as an example, we
apply this model to analysis the data.

Keywords: Wearable devices � Physical education � Data analysis model

1 Background

In recent years, it shows a trend of continuous decline on the level of Chinese students’
physical health [1]. Physical education, a compulsory course for students, plays an
important role in training students’ participating in physical exercise, improving stu-
dents’ physical quality and promoting their all-round development. In December 2017,
Ministry of Education has issued a notice on the issuance of management standards for
schools in compulsory education, which clearly stated that each school need to ensure
their students to exercise for one hour a day and have enough physical education
classes [2].

However, how to give a good PE course in a scientific way is difficult to solve in
the current traditional education. Safety is also one of the main factors restricting the
development and reform of policy in PE class [3]. On one hand, many teachers worry
that the exercise load exceeds the students’ physiological limitation. Some students are
easy to produce sports fatigue and body’s metabolism disorder, and some even cause
severe sports injury or sudden death. On the other hand, if the exercise load is too low,
it is hard to achieve the teaching effect in class. Therefore, it is of great importance to
know every student’s physiological limitation. However, with limited teaching place
and method, it is hard to provide accurate guidance for students in traditional education.

© Springer Nature Switzerland AG 2019
S. K. S. Cheung et al. (Eds.): ICBL 2019, LNCS 11546, pp. 225–238, 2019.
https://doi.org/10.1007/978-3-030-21562-0_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21562-0_19&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21562-0_19&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21562-0_19&amp;domain=pdf
https://doi.org/10.1007/978-3-030-21562-0_19


Currently many teachers mainly rely on empirical observations, such as students’
face color, expression, sweating or panting condition to judge their exercise load. But
because of the large number of students and their individual differences, it is difficult
for teachers to know about every student and give scientific, comprehensive and real-
time judgement. For assessment, teachers often use a single resultant evaluation
method as the main tool for evaluating students, which leads to lack of concern about
students’ individual learning process and scientific educational evaluation.

In recent years, wearable devices have played an active role in improving students’
learning interest, helping teachers understand students’ learning process, optimizing
teaching design. Besides, the impact of information technology on school education
has been expanding. With the development of mobile Internet and the continuous
evolution of sensors, information encryption and other technologies, the performance
of wearable devices has been continuously improved and the application scenarios have
been more extensive, such as medical treatment, military, entertainment, design and
other fields [4, 5]. People are curious about a deep integration of wearable technology
in education.

Wearable devices can collect and record students’ physiological representation and
other data in time, which can help meet people’s potential demand for educational data
and accelerate the data-based research and application process in education. By col-
lecting learners’ data and analyzing learners’ individual learning process, students’
learning process and individual differences can be understood more accurately and
scientifically. On this basis, teachers can provide students with targeted guidance, so as
to optimize the teaching process and improve teaching quality.

2 Literature Review

2.1 The Application of Wearable Devices in Education

Wearable devices are tools that combine multimedia, radio, sensor and other tech-
nologies. It can be easily carried by users in the form of accessories. According to
different ways of wearing, wearable devices can be divided into four types, that is head-
worn, wristband, portable and wearable (worn on body) [6].

With the increase of wearable products and the expansion of application in new
areas, educators begin to think about the application of wearable devices in education
[7]. Christine believes that wearable technology can help cultivate students’ ability of
teamwork, communication, problem solving and autonomous learning. She has sum-
marized seven applications of wearable devices in education, including Autographers
camera, Key gloves, GoPro camera, Google Glass etc [8]. The increase of wearable
devices in education has provided infinite possibilities for their application. Some
researchers have started the experiment to develop and apply wearable devices in
different courses.

From the perspective of functions of wearable devices, current applications can be
roughly divided into two categories. Firstly, wearable devices are used for augmented
interaction. For instance, teachers’ teaching plans can be photographed and archived by
Autographers cameras. Secondly, wearable devices can help collect, record students’
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physiological indicators and know the learning process. Zhao [9] has developed a
wearable device to detect galvanic skin response of online learning.

In terms of subjects, wearable devices are applied in courses such as language and
PE. For example, Elena et al. [10] have introduced IoT (Internet of Things) and
wearable technologies into task-based language learning for young children to help
students focus on the implementation of interaction and track to record students’
interaction behaviors. Lindberg et al. [11] have developed a sports game called Run-
ning Othello 2 (RO2) to solve the problem of the increasing number of obese and
overweight on children, using wearable devices to record movements and heart rates.
Lee et al. [12] have used wearable devices to obtain students’ activity data in PE,
analyzed sports data and heart rate, quantified students’ rest time, and compared the
steps of tall and short students.

In addition to the experimental research, researchers also studied the application
prospect of wearable devices in PE. Zhao and Xu [13] have analyzed the application of
wearable devices in PE based on SWOT model. They believe the advantage of
wearable devices in PE of primary and secondary schools lies in helping students build
long-term sports database, which is beneficial to the scientific guidance of teachers. The
disadvantage is that the price is high and some functions cannot fully meet the daily
education.

Arlen et al. [7] believe that application of wearable devices in education has both
problems and challenges. The application is good for students’ participating in the
curriculum, carrying out all-round learning design, understanding physiological needs,
and helping schools establish student archives. But wearable devices may also bring
privacy and security issues, such as exposing too much personal information. More-
over, the introduction of wearable devices may lead to the reform of schools’ teaching
environment and teachers’ teaching strategies.

At present, wearable devices can record students’ heart rate, breath and steps in real
time in PE, which not only helps students understand their personal exercise state, but
also helps teachers make more scientific judgment. In other subjects, wearable devices
are often used to record data and enhance interaction. But the analysis of the collected
data is still insufficient, and mature application model has not been formed.

2.2 Exercise Load and Its Measurement

Exercise load is a quantitative description of the internal and external physical activity
process over a given period [14]. Exercise load in PE is the degree to how much
students’ physical exercise stimulates the body [15]. The exercise load in this study
refers to the quantitative description of students’ status in the physical training process
of PE in primary and secondary schools.

Exercise load is an important index of students’ physical health development and
class evaluation. If exercise load is high, it is easy to exceed the limitation of physi-
ological function, make students feel wearisome, and even cause muscle strain and
faint, which is not beneficial to the development of students’ physical quality and the
achievement of teaching objectives. If exercise load is too low, it is difficult to meet the
instructional goal and make students feel the sense of achievement, pleasure and the
inherent charm of sports. So reasonable exercise load is very important in PE.
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As an important physiological index to understand students’ learning status, the
measurement of exercise load faces three problems: what to measure, how to measure
and how to express the measurement results [16]. Now there are two kinds of data on
exercise load: one is physical data, such as speed, distance while the other is physio-
logical data, such as heart rate and oxygen consumption during exercise [17]. In
practice, some use sports achievement to calculate the intensity of exercise load, and
some take heart rate as the main evaluation index. When using sports achievement, it is
generally necessary to distinguish different items and measure their training results and
best results. The measurement accuracy is close to professional training. While the
heart rate as the evaluation index can reflect exercise load more accurately, and it is also
convenient to collect and measure. Now schools often use heart rate as an evaluation
index to evaluate the physical exercise load.

According to the “Health Standard of Physical Load in Athletic Training for Middle
and Primary School Students” (WS/T 101-1998), the measurement of exercise load is
to measure the heart rate of each student at 10 s immediately after each activity in the
basic part of physical education class or extracurricular activities. And 10-second heart
rate will be converted to one-minute heart rate. In one class, according to the physical
exercise class’s structure, the heart rate needs to be measured three times, that is
preparing part, basic part, and ending part. The appropriate average heart rate is
between 120–200 times/min for exercise load.

Technical Specifications of Monitoring and Evaluating Exercise Load in Physical
Education of Dongcheng District of Beijing Primary and Secondary School (trial)
raised indexes of athletic intensity in physical education class, including average heart
rate, heart rate in basic part, maximum heart rate, heart rate index, supplemented by the
heart rate curve, students’ and teachers’ evaluation scales.

It should be noted that different types of PE classes have different requirements for
exercise load. In addition, in order to ensure students’ attention after class, scholars
proposed that the average heart rate should be controlled at 120–130 times/min for the
PE courses before those courses hard to concentrate, such as physics and math.
However, for PE before those easy to concentrate, such as music and art, the average
heart rate should be controlled at 130–140 times/min [18, 19].

3 Data Analysis Model

To help teachers know students’ exercise load, it carries out verification experiments
based on the WST model applied to PE [20], and constructs a data analysis model.

The data analysis in WST model needs to solve the following three problems:
(1) What kinds of data shall we collect? (2) What kind of information can be obtained
from the data (3) What are the steps of data analysis?

3.1 Types of Data Collected

When using this model to carry out experiment, with the help of wearable devices,
scale and other tools, a total of four kinds of data are collected: wearable device’s
collection of heart rate data (maximum, minimum, average and heart rate curve), data
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of students’ subjective feelings, teachers’ observation data, teaching contents recording
table.

3.2 Data Information

1. Wearable device data (bracelet data)
Each student wears a wearable device (bracelet) before class. In class, heart rate data
of each student is collected by the bracelet, including maximum heart rate, mini-
mum heart rate, average heart rate data reflecting the concentration degree of stu-
dents’ heart rate and the heart rate curve describing the changes of students in the
whole course.

2. Students’ subjective feelings
According to students’ comprehension ability, the study adjusts the RPE scale
proposed by Brog Gunner and designs the scale of students’ subjective feelings.
The scale has levels from 1 to 5 defined that corresponds to no feeling, not too tired,
moderate, a little tired and very tired. Students fill out the subjective feeling scale
fills out to help students understand their subjective feeling changes in different
stages of class (PE class can be divided into preparation part, basic part and ending
part).

3. Teachers’ observation
The teacher chooses a proper number of students in class and completes teachers’
observation scale. In this scale, the number from 1 to 5 represents the exercise load
from very low, a little low, moderate, a little high to very high. Teachers use
traditional ways to judge students’ exercise load in different stages of PE class, like
observing students’ facial expression and sweating degree.
In PE class, the teaching assistant helps them record the course teaching content
according to the time sequence accordingly.
In addition to getting information from a single type of data, different types of data
can also be compared and calibrated.

3.3 Data Analysis Model

From the above, it can be seen that a variety of information can be obtained through the
comparison of different types of data collected according to the WST model, and a
variety of information can be obtained. Accurately, there are 15 types by calculating
mathematical formula C1

4 þC2
4 þC3

4 þC4
4 ¼ 15. This includes not only individual data,

but also overall data. It includes not only the information obtained by a single type of
information, but also the information obtained by comparative analysis of different
types of data. In order to help teachers better apply wearable devices for data analysis,
understand students’ sports load, optimize teaching design, provide targeted guidance
for students and improve teaching quality, we construct a data analysis model of
wearable devices in physical education (Fig. 1).
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The data analysis model of wearable devices in PE is divided into two dimensions,
that is flow and information. From the perspective of flow, it includes: (1) understand
the whole (2) compare and observe (3) analysis and hypothesis (4) calibrate and test.
For information, the obtained information is from the surface layer to deep layer, and
the analysis object is from the whole to the individual. Detailed explanations are as
follows.

(1) understand the whole
By analyzing the bracelet data of all the students and the chosen students, we can
know the whole and individual heart rate.

(2) compare and observe
On the basis of the first step, horizontal and vertical comparisons are made
through students’ subjective scales and teachers’ observation table. The horizontal
analysis is about one student’s analysis in different classes, which helps teachers
know students’ individualized characteristics and the changes of teachers’
understanding of students. The vertical analysis is an analysis of the same course
for different students, from which we can get the teaching characteristics of
physical education and the change of teaching attitude of teachers.

(3) analysis and hypothesis
Then, the bracelet data is verified with the subjective observation scale of students
and the observation records of teachers, so as to further judge the accuracy of the
overall trend of the data of the key observation objects and propose hypotheses.

(4) calibrate and test
Finally, through the analysis and comparison of the bracelet data of the key
students and the teaching contents recording table, the behavior characteristics of
students in the process of class can be understood, and then, the attitude of
students towards PE and the exercise load can be judged to be in line with their
physical endurance limitation.

Fig. 1. Data analysis model of wearable devices in physical education
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The above data analysis model diagram can help teachers understand the data
analysis process of wearable devices used in physical education and obtain rel-
evant information.

4 Experimental Procedure

4.1 Participants

In this research, 21 pupils from grade 3 of Binhe Primary School in Hangzhou, Zhe-
jiang Province, were selected as subjects. All the students wear wearable bracelet, in
which five students are randomly selected as the key observation objects.

The selection of key observers follows two principles: first, the selected students
need to be healthy. According to the definition of “Health Standard WS/T 101-1998 for
Physical Exercise Load in Primary and Secondary Schools”, healthy students refer to
those who can take PE classes according to the requirements of physical education
syllabus and often do physical exercise. Secondly, the proportion of male and female is
appropriate. Among the 21 students in this class, there are 13 boys and 8 girls. The key
observers were 3 boys and 2 girls.

4.2 Measure Tools

According to the application mode of wearable devices in PE, we design measure tools.
In addition, by comparing the teacher’s experience observation table, the student’s
subjective feeling scale and the student’s movement data collected by wearable devi-
ces, a tripartite comparison and mutual evidence is formed as below (Fig. 2).

Fig. 2. Research tools design
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4.2.1 Heart Rate Measurement
The wearable device measures the heart rate data of students through sensors.
According to technical specifications for monitoring and evaluation of exercise load in
primary and secondary schools in Dongcheng District, Beijing [21], the specific
measurement data and standards are as follows.

Average heart rate: the average heart rate refers to average heart rate in the whole PE
class, and it is appropriate in 130–170 times/min in exercise period. Average heart

rate ¼
x1 þ xn

2 þ x2 þ x3 þ ��� þ xn�1

n�1 . xn means the nth real time heart rate for 3 min.
Maximum heart rate: the maximum heart rate refers to the maximum heart rate of

students in the whole PE class, generally not more than 200 times/min.
Heart rate curve: the system platform can generate a student’s heart rate curve of the

class and 10 min after class. The diagram takes time as a horizontal coordinate, and
the heart rate is a longitudinal coordinate. According to the change of the curve, it is
easy to evaluate whether the exercise load is suitable. It is qualified that the peak of
the heart rate curve appears in the middle part of the basic part in class [22].

4.2.2 Procedure
According to the school PE class arrangement, the research carried out three experi-
ments, in total, one per week like the following.

(1) Before class, students wear bracelets 5–10 min to measure the quiet heart rate.
(2) On the basic teaching stage, all students complete a 45 min course in accordance

with the requirements of the PE teacher. Teachers’ observation scale, course
teaching record table are used as the reference and contrast basis for students’
exercise load.

(3) After class, students continue to wear wearable devices (bracelet) for about
10 min and fill in the RPE scale.

5 Data Analysis

Next, the data analysis model proposed in this paper is applied to analysis.

(1) understand the whole
The heart rate of the whole class. In order to understand the whole of PE classes,
first of all, we analysis data of the whole class, which includes the lowest heart
rate, average heart rate and maximum heart rate below (Table 1).

Table 1. Heart rate of three courses in PE Class

Whole 
class 

First: hop Second: shuttle run third: hop
Min 
heart 
rate

Avg 
heart 
rate

Max 
heart 
rate

Min 
heart 
rate

Avg
heart 
rate

Max 
heart 
rate

Min 
heart 
rate

Avg 
heart 
rate

Max 
heart 
rate

min 41 75 112 42 70 102 43 79 116
avg 52 88 147 56 87 135 56 90 143
max 69 102 171 102 103 171 78 121 171
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Longitudinal comparison results of the min minimum heart rate, the avg average
heart rate and the max maximum heart rate in three PE courses of class are shown.
It can be found that the min minimum heart rate, avg average heart rate and max
maximum heart rate of the whole class in three PE classes are close to each other.
The min minimum heart rate is 41–43 times/min, the avg average heart rate is 87–
90 times/min, and the maximum heart rate is 171 times/min.
The heart rate of key observers.On the basis of understanding the data of the whole
class,we analysis the heart rate of keyobservers. The followingTable 2 focuses on the
heart rate data of five students, including the min heart rate, average heart rate etc.

Longitudinal comparison results of the min minimum heart rate, the avg average
heart rate and the max maximum heart rate in three PE courses of the five
observers are shown in the figure.
It can be seen that the min minimum heart rate, avg average heart rate and max
maximum heart rate of the whole class in three PE classes are close to each other.
The min minimum heart rate is 42–52 times/min, the avg average heart rate is 87–
91 times/min, and the maximum heart rate is 163–171 times/min.

(2) compare and observe
After analysis the key observation data from the bracelet, in order to compare the
data of the bracelet, students’ subjective feelings and teachers’ observation, the
followings are the students’ subjective scales and teachers’ observation records of
three PE class (Tables 3, 4 and 5).

Table 2. The key observers’ heart rate data from bracelet

key observers First: hop Second: shuttle run third: hop
No gender Min 

heart 
Avg 
heart 

Max 
heart 

Min 
heart 

Avg 
heart 

Max 
heart 

Min 
heart 

Avg 
heart 

Max 
heart 

rate rate rate rate rate rate rate rate rate
1 M 56 94 171 62 102 138 64 99 163
2 F 45 90 138 42 70 116 52 84 116
3 F 59 89 159 63 88 133 57 95 150
4 M 60 89 156 54 87 171 65 85 116
5 M 59 92 156 56 90 150 65 94 125

MIN 45 89 138 42 70 116 52 84 116
AVG 56 91 156 55 87 142 61 91 134
MAX 60 94 171 63 102 171 65 99 163

Table 3. Students subjective scale and teachers’ observation record in Course1

Course 1 Students subjective scale Teachers’ observation record
Name Preparation

part
Basic
part

End
part

10 min after the
end

Preparation
part

Basic
part

End
part

SM1 1 4 1 1 2 3 2
SF2 1 4 2 1 2 4 2
SF3 1 3 1 1 3 4 2
SM4 4 5 2 1 3 4 2
SM5 1 2 1 1 3 3 2
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The above figure can be compared and analyzed in two dimensions. Horizontally,
the same student shows certain characteristics of individual exercise load intensity in
different PE class. For example, SM1 usually think the exercise load is low from the
preparation part. With class deepening, the heart rate of the basic part gradually
increases. SM5may have good physical fitness or general interest in PE because his
three subjective feelings of exercise load are no feeling, not too tired. While in the
basic part, SM4 usually feel exercise load is high. There are also some similarities
among different students. For example, SF3 and SM4 think the exercise load trend of
PE class from the preparation to the basic and then the end part is low-high-low.
Through the above analysis, PE teachers can better understand students’ subjective
feelings in the process, infer their personalized characteristics, and provide certain
teaching improvements. For example, SM4have low enduranceof exercise load. In the
high exercise load part, teachers need to focus on observing its performance in to avoid
sports safety problems. It also needs to observe SM5’s learning attitude andwhether he
is serious enough to complete the training according to the requirements.
Longitudinally, the characteristics of three PE courses can be found. In the first
course, students’ subjective perception increases first and then decreases from the
preparation part to the basic part and then to the end part. Teachers’ judgments
vary slightly, but the trend is the same. While students in the second course have a
relatively big difference, but their heart rate in preparing part is usually higher than
that in the first course. Maybe because the teaching place is an outdoor play-
ground which is far from the teaching building, students have come to the
teaching place by jogging and walking before the preparation part. In the third

Table 4. Students subjective scale and teachers’ observation record in Course2

Course 2 Students subjective scale Teachers’ observation record
Name Preparation

part
Basic
part

End
part

10 min after the
end

Preparation
part

Basic
part

End
part

SM1 2 3 1 1 3 4 2
SF2 4 3 2 1 3 4 2
SF3 4 4 2 1 3 4 2
SM4 4 5 4 2 4 5 2
SM5 2 1 1 1 3 4 2

Table 5. Students subjective scale and teachers’ observation record in Course3

Course 3 Students subjective scale Teachers’ observation record
Name Preparation

part
Basic
part

End
part

10 min after the
end

Preparation
part

Basic
part

End
part

SM1 2 3 1 1 3 4 2
SF2 4 3 2 1 3 4 2
SF3 4 4 2 1 3 4 2
SM4 4 5 4 2 4 5 2
SM5 2 1 1 1 3 4 2
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course, the students’ subjective feelings show great difference at the end of the last
part. It can be inferred that, due to the intensity of the basic part, the requirement
of the end part of the exercise load is still rising, some students can continue to
complete, while some students are difficult to complete, so they give up.
So teachers can predict students’ physical condition according to the differences
of teaching places, and adjust the arrangement of teaching in time. For example,
outdoor courses can appropriately shorten the time of preparation, exercise-loaded
courses should observe students’ state at any time, so as to avoid students being
too tired to complete tasks according to standard actions.
Teachers of the three courses judge all the students’ exercise load from the
preparatory part to the basic part, and then to the end part. The trend of students’
heart rate increases first, then decreases. However, this is not how students
actually feel. Moreover, the coincidence between teachers’ experience observation
and students’ subjective judgment tends has declined, teacher can adjust their
instructional design and attitude accordingly.

(3) analysis and hypothesis
In order to further understand the students’ movement process, taking SM5 as an
example in course 1, this paper tries to explore the relationship among students’
subjective feelings, teachers’ observation records and heart rate data of bracelet.
Below is the heart rate curve of SM5’s first course. The abscissa represents time
(time: minutes: seconds) and the ordinate is heart rate (times/minutes). In order to
make the relationship between the structure of PE class and the heart rate more
clear, yellow blocks are marked, which are the preparation part, the basic part, the
end part and the heart rate after the end (Figs. 3 and 4).

Fig. 3. Comparison of students’ feelings and teachers’ observations in Course1_SM5

Fig. 4. Heart rate curve of Course1_SM5 (Color figure online)
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Through the second graph of SM5’s first course students’ subjective feeling,
teachers’ observation and heart rate curve, it showed the trend of teachers’
observation and students’ subjective feeling is basically the same, but teachers
think students’ exercise load is higher than students’ subjective feeling. The
overall situation of heart rate data presented by heart rate curve is also consistent
with the form filled out by students.

(4) calibrate and test
Next, it is the step that make further exploration with the records of teaching
segments. Taking the first physical education class, single leg jumps as an
example. The total teaching time is 30 min, from 10:10 to 10:40. The preparation
part is 10:10–10:15, the basic part is 10:15–10:36, and the end part is 10:37–
10:40, totaling 4 min.
The heart rate curve corresponds to the teaching content basically, for instance, in
the warming up preparation part, students’ heart rate rises gradually, and then
heart rate restores steadily when interpreting instructions in basic part. With
exercise difficulty increasing, heart rate rises continuously. However, it can be
found that from 10:26 to10:28, although the difficulty of one-leg jumping in
teacher’s teaching content is constantly increasing, the heart rate of student is
declining, in addition to students’ heart rate. The subjective feeling of the basic
part of PE is not too tired, so it is speculated that SM5 may not be serious enough
in this stage of practice.
We can infer SM5 is relatively excited at the beginning. With the course going on,
the attention may not be enough in the second half, and the practice is not serious
enough through the heart rate curve. But when he has a short rest, he is more
active after class. Teachers need to care more about students’ attention in the
second half of the course in order to help students improve the effect of exercise.

6 Conclusion and Discussion

There are four steps of Data Analysis Model of Wearable Devices in PE: (1) understand
the whole (2) compare and observe (3) analysis and hypothesis (4) calibrate and test.
Using four steps, it helps teachers get data from the whole to the individual, from the
surface to the depth, thus helping them better understand students’ exercise load,
optimize teaching design, and enhance the teaching effect.

Through the comprehensive analysis and comparison of experimental data,such as
bracelet data, student subjective scale and teacher observation record table, we can
understand the different aspects of students’ learning state. For example, the overall
exercise load of students can be judged by summarizing the bracelet data. Through the
mutual confirmation of subjective scale, teacher observation record table and bracelet
data, we can make a comprehensive judgment on the trend of class students’ exercise.
We can understand students’ feelings and test the accuracy of teachers’ judgments on
students through the student subjective scale and teacher observation record table.
Horizontal analysis of the same student’s in different courses can help to understand the
characteristics of students’ individualized learning. Through the longitudinal analysis
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of two forms of different students in the same course, we can know the load intensity of
the same PE curriculum. The horizontal and vertical comprehensive judgment is
helpful to understand students’ personalized learning characteristics, make more
accurate and scientific judgment on the matching degree between teaching content and
students’ exercise load, so as to optimize teachers’ instructional design and improve the
teaching efficiency. By comparing the bracelet data, teachers’ observation records and
students’ subjective scales, we can know the students’ learning attitude and physical
fitness. For the same student, for example, whether the exercise load of physical
education classroom teaching content is too much beyond the limits of physical
endurance, or whether the students are lazy because they don’t want to finish the
training subjectively, etc.

The data analysis model of wearable devices in PE proposed can help teachers better
understand students’ exercise load and make more scientific and accurate judgments.
However, at present, the application of wearable devices in physical education is still in
the initial exploratory stage. It is necessary to calibrate the accuracy of its data through
scales and other measures to obtain more dimensional information, so as to promote the
better application of wearable devices in the field of education.

To sum up, the data analysis model of wearable devices can help teachers under-
stand students’ exercise load in time, conduct learner analysis and teachers’ self-
evaluation, and make more scientific judgments on students’ learning behavior, so as to
optimize the instructional design and promote the scientific and accurate evaluation of
education. Furthermore, with the support of data, teachers can arrange more reasonable
exercise load according to learners’ characteristics, so then stimulate students’ learning
motivation, maintain students’ learning state, promote students to develop the habit of
participating in physical exercise actively and consciously, and improve students’
health level comprehensively. In addition, the normal application of wearable devices
can establish student files without interrupting students’ normal learning, promote
teachers’ individualized guidance to students, and promote more scientific and multi-
dimensional teaching evaluation.
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Abstract. Learning Analytics has become a hot research topic in the field of
ICT in education in recent years. Based on 623 journal papers (published from
2011 to 2018) about learning analytics in Web of Science Core Collection, this
study explored research hotspots and trends of learning analytics by the bib-
liometric method and mapping knowledge. Time range, region distribution,
main research directions of the literature, and mapping knowledge were used to
explore the main trends of the learning analytics. A further summary and
reflection were given to provide the reference for deep study and practical
exploration of learning analytics.

Keywords: Learning analytics � Visualization analysis � CiteSpace � Hotspots �
Trend

1 Introduction

As an emerging, relatively new, and rapidly developing discipline [1], learning ana-
lytics is the progress of measuring, retrieving, analyzing and presenting of data about
learners and their backgrounds in order to understand and optimize learning and the
environment in which it occurs [2, 3]. Since 2011, the New Media Consortium has
made learning analytics as one of the main trends and key technologies that influencing
education development for three consecutive years in New Horizon Report [4–6]. In
October 2012, the US Department of Education pointed out that the application of big
data in education mainly relies on the support of educational data mining and learning
analytics [4]. In addition, nearly half of the top 10 IT issues in 2017 proposed by the
EDUCAUSE rely on prediction and analysis of data [7]. Learning analytics is being
pushed to an important height by educators and researchers. As a result, learning
analytics has become a research focal point throughout the world in recent years [8].

A growing body of educators and researchers have applied learning analytics in
educational contexts, such as assessing students’ learning behavior, estimating the
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cognitive value, improving students’ interaction and engagement. However, little
research has been carried out regarding the hotspots and trends of learning analytics.
According to Chen (2014), CiteSpace was designed to carry out quantitative and
qualitative studies in the field of scientific subject, which was considered as a useful
approach for the detection and visualization of emerging trends and transient patterns
of literature [9].

A great deal of studies which use CiteSpace to analyze trend has been published
[10]. Thus, in the present study, the CiteSpace software, especially its functions like
citation analysis and mapping knowledge in combination with the bibliometric method,
was used to discover the main trends and hotspots of the learning analytics over the last
decade by analyzing literature about the learning analytics retrieved from the Web of
Science, and more detailed information for deep research and practical exploration of
learning analytics was provided.

2 Materials and Methods

The data was collected from the Web of Science Core Collection. Key concepts and
search term were developed to capture literature about learning analytics from inter-
national perspectives. Relevant studies were located through a comprehensive search of
publicly available literature published from 2011 through 2018. We chose 2011 as a
starting point for the literature search because IWBs was prevalent and became widely
available in instruction around that time. We selected the Web of Science Core Col-
lection data origin, because this database could provide a wide multidisciplinary lens,
while also controlling the intellectual rigor of identified publications. The search was
restricted to articles written in English and published in peer-reviewed journals, which
were seen as a useful criterion for selecting studies of sufficient quality [11]. The
specific search phrase utilized in this study was as follows: “learning analytic” or
“learning analytics” or “learning analysis technique”. SPSS, CiteSpace 5.3 and End-
Note were used to analyze the literature in this study. SPSS 21.0 was applied to
generate diagrams. Then, CiteSpace 5.3 was utilized to conduct the visualized network.
In the end, we compared the results with that in CiteSpace 5.3 and EndNote, in order to
verify the agreement of the subject terms results.

3 Results

3.1 Time Range

According to the retrieval results of Web of Science Core Collection, the sum of
eligible papers was 677, and the publications about learning analytics per year in Web
of Science were obtained during 2011–2018. As is exhibited in Fig. 1, it shows an
upward trend over the past eight years in the publications of learning analytics
literature.
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Although learning analytics came into the spotlight as early as in 2011, not enough
attention has been paid by the researchers as there was no publication in that year. After
that, the number of publications was increased slowly from 3 papers in 2012 to 32
papers in 2014, which reflected that research on learning analytics was at the
exploratory stage during this period. Since 2014, however, the number of publications
was increased dramatically and exponentially from 32 papers in 2014 to 205 papers in
2018, which indicated that the funding of research for learning analytics increases, and
the learning analytics catches a growing number of researchers’ eye around the world
since learning analytics was seen as one of the main trends and key technologies from
2011 to 2013 in New Horizon Report. Moreover, along with the rapid development of
relevant theories, more researchers are involved in the study of learning analytics.

3.2 Region

Regarding the authors’ nationality of the targeted papers, the USA (25%) accounts for
more than a quarter of the total ranking, followed by Spain (19%) and Australia (12%),
China ranks in the fifth place (9%). Figure 2 illustrates the percentages of papers across
countries and regions from 2011 to 2018 in details. A large amount of USA literature is
closely related to high attention for using learning analytics in education, including
online learning and learning communities. Although China is at the top of the list, well
behind that of USA, it also needs to carry out the researches on learning analytics in
depth, aiming to promote the development of education in China by better under-
standing and predicting students’ personal learning needs and performance [12].
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Fig. 1. The number of publications on learning analytics per year from 2011 to 2018.
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3.3 Research Direction

With the help of the analysis function of the Web of Science, the top ten research
directions of the learning analytics were obtained during 2011–2018. It is worth to note
that because some papers contain more than one research directions, so the sum of
publications are more than 667. As we can see from Table 1, the most popular research
directions are education and educational research, which contributes more than half of
the total. Computer science is another popular research direction, and it makes up about
one-fifth of the total. Other hot directions, including psychology, engineering, infor-
mation science library, telecommunications, social sciences, science technology,
business economics, health care sciences services and linguistics, claim approximately
1/4 of the total.

USA
25%

Spain
19%

Australia
12%

England
11%

China
9%

Canada
5%

Netherlands
5%

Germany
5%

Scotland
5%

Japan
3%

Others
1%

Fig. 2. The percentage of publications by country and region, 2011–2018.

Table 1. The top 10 research directions of the learning analytics, 2011–2018

Research direction Number of Publications Percentage (%)

Education/Educational Research 436 53.83
Computer Science 167 20.62
Psychology 67 8.27
Engineering 62 7.65
Information Science Library 21 2.59
Telecommunications 12 1.48
Social Sciences 11 1.36
Science Technology 10 1.23
Business Economics 8 0.99
Health Care Sciences Services 8 0.99
Linguistics 8 0.99
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These findings highlight that learning analytics are used primarily in the field of
education and educational research. In addition, the application field and scope of
learning analytics is not only limited to education but also extending to other non-
education areas, such as engineering and health care sciences services.

3.4 Citation Analyses

CiteSpace 5.3 was utilized to carry out the visualized analysis on the data. Firstly,
articles were selected as the document type from all 677 papers on Web of Science;
secondly, the search records were arranged by times cited from the highest to the
lowest. Finally, 623 records were exported first as our data source. Several CiteSpace
5.3 options were selected, which includes the time range (2011–2018), years per slice
(1 year) and pruning (pathfinder). The best knowledge mapping will be obtained by
adjusting the parameter size of TOP N, TOP N% and article labeling [13]. Through the
co-journal analysis, the knowledge mapping network of co-journal literature was
shown in Fig. 3.

One kind of journal corresponds to one node. The frequency cited is expressed by
the radius. The line between nodes represents a co-occurrence relationship, and its

Fig. 3. A network of co-journal learning analytics papers (2011–2018, one-year slices). Abbrevi-
ations: COMPUT HUM B, Computers in Human Behavior; INT J TECHNOL ENHANC,
International Journal of Technology Enhanced Learning; EDUC PSYCHOL-US, Educational
Psychology; ETR&D EDUC TECH RES, Educational Technology Research and Develop-
ment; AM BEHAV ACI, American Behavioral Scientist; COMPUT EDUC, Computers &
Education; BRIT J EDUC TECHNOL, British Journal of Educational Technology; INTERNET
HIGH EDUC, Internet and Higher Education; INT REV RES OPEN DIS, International Review of
Research in Open and Distance Learning; IEEE T EAEN TECHNOL, IEEE Transactions on
Learning Technologies; EDUC TECHNOL SOC, Educational Technology & Society; J
COMPUT ASSIST LEAR, Journal of Computer Assisted Learning.
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thickness indicates the strength of the co-occurrence. Chen (2014) explained the
citation ring in his article [9]. The thickness of a ring is scaled based on the number of
references in a given time slice. As is exhibited in Fig. 3, the highest cited journal is
Computers & Education, followed by Educational technology & society and Com-
puters in Human Behavior. It was found almost the journals cited as the top 5 are from
the field of educational technology, which had great relevance to the application of
learning analytics at all levels of education, especially in higher education.

Figure 4 illustrates a network of co-words of the papers. As is exhibited in Fig. 4,
it’s obvious that the highest frequency term is learning analytics. The specific search
phrase utilized in this study was “learning analytics”, thus the node of learning ana-
lytics is the largest. Combined with other words, such as performance, education,
student, higher education, MOOC, it can be inferred that the research of the learning
analytics emphasizes the application in education.

Learning analytics can be exploited to improve the learning outcomes of students in
higher institutions towards attaining sustainable education by analyzing students’
performance in the process of education [14]. At the same time, types of the term such
as educational data mining, big data, environment, and online indicate that learning
analytics becoming more concerned with big data in the process of learning, especially
online learning.

From Table 1, we clearly observe that publications about education and educational
research occupy for more than half of the total. In order to further discover keywords of
education and educational research, we exported all the records, which were sorted by
times cited from the highest to the lowest. Figure 5 illustrates a network of co-words in
the educational field. Compared to Fig. 4, the keywords in Fig. 5 are almost the same
as that in Fig. 4, such as learning analytics, education, and performance. However,
some words’ appearance frequency becomes higher than that in Fig. 4, such as edu-
cation, higher education, and MOOC.

Fig. 4. A network of co-words of learning analytics papers (2011–2018, one-year slices).
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4 Discussion

In this study, a visualization analysis was conducted to explore research hotspots in the
field of learning analytics regarding the publication time range, country, research
direction, and citation analysis of the papers published relating to the learning analytics
from 2011 to 2018 based on CiteSpace 5.3. To some extent, it reveals the general
trends and research hotspots of learning analytics.

From the aspect of the time range, the concept of learning analytics was put forward
in 2011, but the researches of learning analytics began in 2012. This happens because
the NMC successively released the Horizon Report in 2012 and in 2013, and predicted
that learning analytics would become the mainstream in the next three to five years [5].
Scholars were more concerned about the researches of learning analytics. Since 2012,
more and more researchers launched applied studies on learning analytics, and the
publications of that showed an upward trend up to 2018.

From the aspect of research direction, it was found that education and educational
research are the hottest directions. However, many non-education fields such as psy-
chology and engineering infiltrate the research of learning analytics, which reflects that
scholars were more concerned about research and application of learning analytics,
which will facilitate the extension of learning analytics to other fields. The development
of any individual and field depends on a perfect understanding of themselves for
making the adjustment and improve performance to ensure them getting better.

At the same time, analytical tool in EndNote was used for analyzing the dataset,
which was similar to that of the co-word analysis. For this, fields including “title”,
“short title”, “keywords”, and “abstract” were selected to get subject terms in the
EndNote. Finally, Table 2 displays the top 20 terms and their records. Comparing
Table 2 with Fig. 4, it’s obvious that most of the subject terms in Table 2 also present
in Fig. 4. What’s more, the more records of subject terms are, the bigger the size of the

Fig. 5. A network of educational field co-words of learning analytics papers (2011–2018, one-
year slices).
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corresponding node is. Thus, it indicates that EndNote and CiteSpace 5.3 agree well
with the subject terms results.

International conference on learning analytics and knowledge (LAK) is committed
to cutting edge research in the field of learning analytics. By analyzing systematically,
the theme reports and papers of the conference in 2017, it was found that MOOCs and
higher education would become the hotspots of research in this field in the next few
years [15]. Combining Figs. 4 and 5, it is shown that our findings are in accordance
with [15]. In this study, the application of learning analytics in MOOCs and higher
education is considered as the hotspots. However, research in this paper has not only
included this two themes, but covered other themes, such as performance, students,
environment, educational data mining and big data, possibly associated with the social
environment. The advent of the era of big data brings opportunities for the development
of learning analytics, not only in data source but also in the data analysis method.
Obtaining data in the process of learning is the foundation for learning analytics. The
era of big data provides massive learning data. Thus, how to get necessary educational
data from the mass data for learning analytics is a problem. The emergence of edu-
cational data mining technology provides a solution to this problem. Educational data
mining and big data will be bound to become the hotspots in the coming years, which is
consistent with our findings. However, although multiple similar subject terms were
selected to expand the searching, for the precision of which a small part of the pub-
lications sacrificed. We had better do further work to optimize the searching strategy. In
addition, only one database, the Web of Science Core Collection, was used as the data
source, which possibly has little impact on the diversity of results. To conclude,
researchers have identified learning analytics as a dynamic and important issue [2, 16],
while the research direction of learning analytics will be still blurred in the future.

Table 2. The top 20 subject terms from EndNote

No. Terms Records No. Terms Records

1 Learning analytics 395 11 Model 32
2 Performance 73 12 Online 31
3 Education 66 13 System 30
4 Student 51 14 Framework 30
5 Higher education 51 15 Knowledge 29
6 MOOC 50 16 Technology 26
7 Analytics 45 17 Motivation 25
8 Environment 42 18 Pattern 24
9 Educational data mining 37 19 Online learning 23
10 Big data 37 20 Design 22
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5 Conclusion

With the coming of the era of internet, information technologies and big data, how to use
learning analytics to transform big data in education into information and knowledge
serving education and to provide decision-making and learning optimization services for
education, has become a common concern of educators and learners [17]. The emer-
gence of learning analytics provides an important basis for the development of education
in the era of big data. This study analyzed the publication time range, country, research
direction, and citation analysis of the papers published in the field of learning analytics,
so as to draw the attention of researchers on learning analytics, and carry out more in-
depth studies. With the coming of the era of big data, learning analytics will play an
increasingly important role. The focuses of future study on learning analytics will be
how to effectively use learning analytics, fully explore the value behind the data, and
promote and optimize students’ learning effect of personalized learning.
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Abstract. Rural small schools in China have characteristics including remote
location, small scale and poor conditions in infrastructure, quality of teaching
and teacher. The shortage of teacher resources is the biggest problem in rural
small schools compared with other resources. To address the problem and help
offer sufficient and high-quality courses in rural small schools, the sharing of
high-quality teacher resources are the most significant way to achieve it. In this
paper, synchronous interactive hybrid classroom and synchronous interactive
special delivery classroom teaching are put forward to facilitate the sharing of
high-quality teacher resources in experimental areas. This article introduces a
case of practicing the sharing of high-quality teacher resources by information
technology from the urban school to the rural school in Xian’an district, Hubei
province. The article concludes with a discussion of the findings for sharing
teacher resources to provide equal educational opportunities between urban and
rural areas.

Keywords: Resource sharing � High-quality teacher resources �
Educational informatization � Small schools in rural areas

1 Introduction

In September 2015, General Secretary Xi proposed “National Training Initiative for
Primary and Secondary Teachers (2014)” pointing out that to complete the building of
a moderately prosperous society in all respects by 2020 is the most arduous task in poor
areas. The prime task of poverty reduction lies in education. It is an important task of
poverty reduction to enable children in poor areas to receive a good education, and it is
also an important way to block the transmission of poverty across generations.

As an important way to promote the poverty reduction in education, Education
informatization in rural schools in China is still at the initial stage of groping and start-
up. It faces the development problems including a shortage of funds, poor quality of
teachers and teaching as well as unavailable environment [1]. Teachers are the primary
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resources of education and the uneven allocation of teacher resources is an important
reason for the gap between urban and rural education [2–4]. Hubei Collaborative
Innovation Center (HCIC) for information technology and balanced development of K-
12 education is an organization aiming for achieving the balance between rural area and
urban area, especially in the aspect of education. It aims at reviving rural small schools,
complementing the weak points of balanced development of compulsory education,
promoting equal educational opportunities, improving and realizing educational equity
effectively.

Rural small schools in China are different from other countries. According to
“Educational Statistics Yearbook of China” published in 2016(latest), there are 86800
small schools in rural areas. It is defined as the school with combined instruction as the
main method, which adapts to the development of education in rural areas, especially in
the sparsely populated and scattered remote areas [5]. Combined instruction in China
refers to an organizational form in which students of two or more grades are combined
into one class with one or two teachers. The main problem in rural small schools is a
shortage of teachers, especially high quality teachers.

The purpose of the study is to identify how information technology promotes the
sharing of high-quality teacher resources and the development of rural small schools.
The survey results were discussed involving the following questions. (1) What is the
effect of information technology alleviating the problems existing in rural small
schools? (2) What is the sharing mechanism of high-quality teacher resources in the
support of information technology? Our intent was not to answer experimental
hypotheses, but rather to begin to focus on developing research questions.

In this article, we describe the practice of the transferring and sharing of teacher
resources from urban schools to rural small schools to balance the education between
urban and rural areas for facilitating the balanced development and equity of education
in Xian’an district, Hubei province. As will be described, study context is illustrated to
explain the background of rural small schools in the process of urbanization. The next
section of the article describes the practice of the transferring and sharing of teacher
resources in small schools in rural areas. Then, the discussion of the practice is fol-
lowed by illustrating the preliminary effects and the mode of sharing teacher resources.
The article concludes with a presentation of the implications of the case for promoting
the balanced development and equity of the education in rural areas by the transferring
and sharing of teacher resources.

2 The Context of the Study

In Victoria, Australia, rural small schools refer to the schools having an enrollment of
100 students or less being 70 km or more from Melbourne, the state capital, or 25 km
from a regional center [6]. Rural small schools already include many of the charac-
teristics identified in the “effective schools” research including interpersonal relation-
ships, shared expectations, and a safe learning environment [7].

As small and incomplete schools, the rural small schools are set up to adapt to the
development of rural areas in China, especially the sparsely populated and scattered
remote areas [8], aiming for facilitating the school-age children in remote rural areas to
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go to the school nearby. According to “Outline of National Medium-and Long-Term
Education Reform and Development (2010–2012)” [9], it is clear that school layout can
be rationally planned to meet the development needs of urban and rural areas, and rural
small schools should be arranged so as to facilitate students to go to school nearby. At
the meantime, it points out that information technology has a revolutionary impact on
education and must be highly valued.

However, with the advancement of new urbanization, a large number of people
flow from rural areas to cities, resulting in a decrease in the number of students in rural
schools year by year. Many rural small schools gradually disappear, and a large number
of schools become rural small schools due to the reduction in size [10]. The number of
rural small schools has dropped sharply, leading to the students in remote rural areas
being too far away from school, increasing traffic risks and economic burden on
families. Rural small schools have become the “last mile” for the stable development of
China’s compulsory education.

2.1 Problems Caused by the Advancement of Urbanization

The advancement of urbanization puts great pressure on the education in urban school.
The situation in which rural students go to cities to receive compulsory education leads
to the difficulty in adapting the layout and capacity of urban schools, resulting in a
shortage of urban education resources and insufficient number of schools. This puts
forward higher requirements for urban school infrastructure investment, education
funds, teachers and education resource allocation.

In contrast, the fact that a large number of students are leaving the school leads to
the vacancy of school buildings and waste of resources in rural small schools.

2.2 Why Rural Small Schools Can’t be Cancelled

Rural small schools are indispensable parts to ensure that school-age children in remote
rural areas attend school nearby. It is convenient for children to go to school by setting
up rural small schools near villages, which can save the cost of children going to school
and ensure children’ safety, thus promoting the equality of educational opportunities
for school-age children in remote rural areas to the greatest extent. According to the
results of 10,903 valid student questionnaires of the research group on the reasonable
layout of rural primary and secondary schools in central and western China [11], the
average distance for students to go to school if cancelling rural small schools is 4.8 km,
and the farthest distance is 100 km. Therefore, the rural small school has the vitality,
and will exist for a long time in the rural remote area.

2.3 The Role of Rural Small Schools in the Balanced Development
of Compulsory Education

Firstly, the rural small school is the key to the development of the compulsory edu-
cation. According to statistics calculated by Education Statistics Yearbook of China,
the number of ordinary primary schools nationwide in 2016 was 177,633. And the
number of rural small schools was 86800, accounting for 48.86% of the total number of
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primary schools, which is relatively large. As an important part of compulsory edu-
cation, the rural small school plays an irreplaceable role in solving the problem of
nearby school enrollment of school-age children in sparsely populated and scattered
rural remote areas, and it will still exist for a long time in the future.

Secondly, the rural small school is the weakest link in the balanced development of
compulsory education. At present, there are many forms including central primary
schools, complete primary schools and rural small schools in the vast rural areas of
China, especially in the remote central and western regions. Due to the characteristics
including remote geographical location and small size, rural small schools are the
smallest “shortcoming” in the development of compulsory education. The establish-
ment of rural small schools is conducive to ensuring the balanced development of
compulsory education.

Thirdly, the rural small school is an effective organizational form to ensure the
quality of education. The quality of education is the core of the balanced development
of compulsory education. Although rural small schools have a small number of stu-
dents with small scale, they can completely guarantee and improve the quality of
education. Moreover, the teachers in rural small schools are mostly native people. So
they are very familiar with the students, which is conducive to the communication and
interaction between teachers and students. In addition, rural small schools are conve-
nient to use multiple teaching methods, so as to facilitate the performance of the
students’ learning.

2.4 Problems Exist in Rural Small Schools: a Shortage of Teachers

There is a serious shortage of teaching staffs in rural small schools, especially high
quality teachers [10]. According to our investigation, in the Midwestern regions of rural
primary schools, teachers of Music, Art, Physical Education and Information Tech-
nology are less than one respectively per school. As a result, most rural small schools
are unable to offer courses required by compulsory education completely. At present,
the shortage of teaching staffs is a common phenomenon in rural small schools, and
also a key factor restricting the improvement of teaching quality.

The structure of teachers in rural small schools is unreasonable. On the whole, the
proportion of substitute teachers in rural small schools is much higher than other
schools. According to the research data of 2014 “Construction Status of Rural Primary
and Secondary School Teachers” made by the research group, the proportion of public
teachers and substitute teachers in rural small schools is 75.4% and 23.0% respectively.
In other public schools, the proportion of public teachers is 88.3%, that of substitute
teachers is 7.7%, and that of special post teachers is 2%. Due to the shortage of
insufficient numbers, teachers are busy from morning till night. Some rural school
teachers must responsible for boarding student accommodation problems. Heavy
mental and manual pressures exhaust their body and mind. What’s more, the teachers
in these rural small schools have little chance to go out for training. Thus, their teaching
skills have stagnated for years.

The number of teachers in rural small schools equals the number of grades, that’s to
say, each teacher is responsible for all the courses of a grade, including Chinese, Maths,
English, Music, Art, Sports, etc. Some teachers even are responsible for multiple
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grades. These rural small schools seem to have basically offered all the courses stip-
ulated by the national compulsory education stage. But due to the limitation of
teachers’ professional quality, the teaching of English, music, fine arts, physical edu-
cation and many other disciplines still cannot be carried out normally. For example, the
music class only teaches to sing several songs. The art class teaches the child to draw
some simple pictures. It can be seen that the lacks of teachers and high-quality courses
are still common problems in rural small schools.

3 Sharing the Teacher Resources in the Support
of Information Technology to Balance Development
of Compulsory Education

3.1 “Internet Plus Rural Small Schools”

With the rapid development of Internet, a new concept called ‘Internet Plus’ is
becoming more and more popular among the last several decades. Internet Plus, similar
to Information Superhighway and Industry 4.0, is proposed by China’s Prime Minister
Li Keqiang in his Government Work Report on March 5, 2015 so as to keep pace with
the Information Trend. “Internet Plus” refers to the application of the internet and other
information technology in conventional industries. It is an incomplete equation where
various internets (mobile Internet, cloud computing, big data or Internet of Things) can
be added to other fields, fostering new industries and business development in China.

In rural small schools, it’s hard to recruit high-quality teachers because of their poor
conditions. Rural small schools are indispensable parts to ensure that school-age
children in remote rural areas attend school nearby. It is convenient for children to go to
school by setting up rural small schools near villages, which can save the cost of
children going to school and ensure students’ security, thus realizing the equality of
educational opportunities for school-age children in remote rural areas to the greatest
extent.

The mode of “Internet Plus rural small schools” is proposed to overcome the
problems of rural small schools by applying the internet and other information tech-
nology in rural small schools.

3.2 The Practice in Xian’an

Located in Xianning, Hubei province of China, Xian’an district was half urban and half
mountain areas. The teaching environment of urban areas is quite different from that of
rural areas. It is located in the southeast of Hubei province. Xian’an district covers an
area of 1,501 km2 and has a total population of 547,408. By 2018, there are 106
primary schools in Xian’an primary and secondary schools, among which 19 are rural
small schools. There are 45,439 primary school students in the district, among which
750 students are in rural small schools.

As shown in Table 1, in terms of age distribution, the number of teachers under 40
years old is only 3 in 2013. However in 2018, the number of teachers increase to 37,
with the growth ratio of 11.3%. The number of teachers between 40 and 50 years old
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increased slightly between 2013 and 2018. The number of teachers over 50 years old
dropped by 58% from 2013 to 2018.

In terms of educational background, in 2013, the number of teachers below Sec-
ondary Vocational School Education level is 6, increased to 12 in 2018. The number of
teachers with Secondary Vocational School Education is dropped by 48%. In 2013, the
number of teachers above Secondary Vocational School Education is only 6. However,
in 2018, the number is increased to 36 with the growth ratio of 46.7% (see Table 2),
which demonstrates the improvement of number and quality of teachers in rural small
schools in Xian’an district after the practice.

Since 2013, the problem of poor quality of teaching and insufficient teacher in rural
small schools has been highlighted. HCIC has been researching, developing the
experimental zones, exploring to facilitate the high-quality and balanced development
of rural small schools by “Internet Plus” mode.

Combined with educational management departments, primary and secondary
schools as well as relevant educational informatization enterprises in Xian’an, HCIC
innovate the teaching structure and teaching mode by means of informatization. It helps
rural small schools set up well-organized and well-developed courses, improving
teachers’ professional quality and teaching level.

In terms of technology environment, HCIC adopts cloud platform to build a con-
sortium of resource construction. In this process, there are shared public resources,
characteristic resources and local resources. What cannot be ignored is the quality of
teachers.

Table 1. The age distributions of teachers in rural small schools in Xian’an district.

Age <40 40–50 >50

Number in 2013 3 11 31
Number in 2018 37 12 13
Growth ratio 11.33 0.09 −0.58

Table 2. The educational backgrounds of teachers in rural small schools in Xian’an district.

Educational
background

Below secondary
vocational school
education

Secondary
vocational school
education

Above secondary
vocational school
education

Number in
2013

6 33 6

Number in
2018

12 16 34

Growth
ratio

1 −0.52 4.67
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In terms of institutional mechanism, a dual-track digital school is built first, which
uses the digital platform organization to offer sufficient classes. And the teaching
management is in line with the urban schools.

In terms of management rules, the Education Bureau of Xian’an district has spe-
cially established the corresponding regulations of the digital school. It takes infor-
mation technology as the support, innovation system and mechanism as the
breakthrough, following the construction idea of “based on network, entity operation
and two-level management”. It also adopts the mode of “independent establishment
and hierarchical management” concerning operation.

In the functional framework of the digital school education cloud platform, HCIC is
trying to establish a mode of county centered, with the town as the node, and the
teaching small school as the terminal of the digital school system, while the main portal
is established in the province.

HCIC provides two different forms of synchronous interactive classroom teaching
forms solve problems of a shortage of teacher resources and insufficient and low-
quality courses offered by rural small schools. It can be divided into synchronous
interactive hybrid classroom teaching and synchronous interactive special delivery
class teaching.

In synchronous interactive classroom teaching forms, teachers in urban schools are
selected as main lecturers, while teachers in rural small schools play the role of
assistant teachers to help organize the management and implementation of the class.
The work distribution is demonstrated as Table 3.

Table 3. The work distribution of teachers and students in urban and rural small schools

Activities Main lecturers in urban
schools

Assistant teachers in
rural small schools

Students in rural small
schools

Before
class

Prepare teaching
materials and contents
for the class and deliver
it to the rural small
schools

Communicate with the
lecturer and receive the
teaching materials and
contents

Preview the teaching
contents delivered from
urban schools

During
class

Carry out teaching
activities and conduct
comprehensive and
unified guidance of
organization and
management of the
whole class

Assist the main lecturer
to carry out teaching
activities and meet the
collaborative needs of
classroom teaching
organization and
management. Record
the teaching process

Interact with the
lecturer and answer the
questions proposed by
them

After
class

Assign the homework
Reflect on the whole
class according to the
feedback sent by
assistant teachers
Correct students’
homework

Provide class feedback
and send it with
students’ homework to
the lecturer and
communication with
each other

Do homework and
communicate with
assistant teachers about
their questions and
feelings about the class
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3.2.1 Synchronous Interactive Hybrid Classroom Teaching
Synchronous interactive hybrid classroom teaching refers to a teaching form that
realizes the interconnection between urban and rural areas through the network.

It transmits the classroom from urban schools where main lecturer teachers are
located to the “live telecast classroom” in rural small schools where the resident
teachers are located. It aims at realizing the communication between the local class-
room and the classroom in other different places, between teachers and students,
between students and students, truly promoting the sharing of high-quality educational
resources. The interaction during synchronous interactive hybrid classroom teaching is
shown in Fig. 1. There are several characteristics of this teaching mode: (1) the same
teaching materials are provided between urban and rural schools; (2) real-time inter-
action between students and teachers in urban and rural small schools are realized; (3) a
mix of local and remote teaching forms has been achieved.

It is possible to help offer the curriculums of music, art without additionally
increasing the working hours and tasks of the teachers in urban schools.

Synchronous Interactive Special Delivery Class Teaching
Synchronous interactive hybrid classroom requires teachers to teach between the urban
school and multiple rural small schools at the same time. It is difficult to take into
account the learning needs of students in urban and rural schools. And differences
between students of urban and rural schools are harder to be considered comprehen-
sively, which affects the teaching effect to a certain extent.

At the same time, taking into account the learning activities of students in urban and
rural schools, teachers are inevitable to encounter many emergencies. Therefore, the
maintenance of classroom teaching order has also become an important factor affecting
synchronous hybrid classroom teaching.

Fig. 1. A figure of interaction during synchronous interactive hybrid classroom teaching
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Synchronous interactive special delivery class teaching can alleviate the above
problems to some extent. Similar to the synchronous interactive hybrid classroom, it’s
also the realization of the interaction between urban and rural teachers as well as
students with teachers from urban schools as main lecturers to teach students in rural
small schools. The difference is that there are no students in the class where the lecturer
is, that is, the lecturer is only required to teach the students in the corresponding rural
small schools. On the one hand, the synchronous interactive special delivery classroom
can provide the high-quality teachers in the urban school into the rural small schools.
And it realizes the two-way interaction between lecturers from urban schools and the
students in rural small schools.

On the other hand, teachers can design the courses according to the actual situation
of students in the rural small schools, so as to better pay attention to the cognitive
characteristics, knowledge basis and learning needs. The teaching mode of syn-
chronous interactive special delivery class is demonstrated in Fig. 2.

4 Outcome

The data collected during the research period include the statistical data of the
development of rural small schools, relevant management systems, teachers’ and stu-
dents’ attitudes towards the synchronous classroom.

The purpose of this study is to identify how information technology promotes the
sharing of high-quality teacher resources and the development of rural small schools.
The survey results were discussed involving the following questions:

(1) What is the effect of information technology alleviating the prominent problems
including a shortage of teachers, especially high-quality teachers?

(2) What is the sharing mechanism of high-quality teacher resources in the support of
information technology?

As introduced in the practice, HCIC has implemented practice in to Xian’an,
including aspects of technical environment, institutional mechanism, management
rules, functional framework of the digital school and teaching method. The whole
practice has achieved the following preliminary results.

Fig. 2. A figure of the teaching mode of synchronous interactive special delivery class
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4.1 Preliminary Results

The Number of Teachers and Students is Increasing in Rural Small Schools
In this case, the practice in Xian’an and other rural small schools has turned out to
alleviate the realistic problems of poor quality of education and teacher. It has been
proved that the implementation of this project has increased the number of both
teachers and students.

At the end of 2013, there were 30 rural small schools in Xian’an district, with a total
number of 45 teachers and 773 students. The ratio of students to teachers in rural small
schools was about 17:1, and the average number of students in each rural small school
was about 26 [12]. According to the data calculated by the Education Bureau of
Xian’an district, at the end of 2018, there are 19 rural small schools in Xian’an district,
with 62 teachers and 750 students in total. The ratio of students to teachers in rural
small schools is about 12:1, and the average number of students in each rural small
school is about 39.

The Phenomenon of Insufficient and Low-quality Courses is Alleviate
Both synchronous interaction hybrid class and synchronous interaction special delivery
class are designed for solving the practical problem of insufficient and low-quality
courses in rural small schools.

This can not only help offer courses of English, Music, Fine arts that previously
unable to offer well, but also reduce the workload of teachers in rural small schools. At
the meantime, rural students can enjoy the high-quality teacher resources of urban
schools, making up for the lack of quality teachers in rural small schools. Thus
effectively narrowing the educational gap between schools and promoting the fairness
of the education process.

From 2013 to the end of 2018, in terms of Xian’an digital school, the scale of the
school has developed from three rural small schools including Xian’an Biguiyuan
Foreign Language primary school, Fushan primary and secondary school and
No. 2 Bridge primary school to more than 10 rural small schools covering all rural
areas in the whole region [10]. According to the statistical results of the Education
Bureau of Xian’an district, in terms of National Compulsory Education Curriculum
Standards, the current curriculums offered in rural small schools are complete, with
98% high-quality curriculums [13].

Students’ Interest in Learning has been Significantly Improved
At present, the information technology-based teaching in rural small schools in
experimental areas is to present various teaching information in the form of hypermedia
and hypertext. It has the characteristics including fast transmission speed, clear sound
and image, vivid picture, bright color. It can present the knowledge content that is
difficult to be presented in written textbooks.

According to the survey, after the practice of synchronous interactive hybrid class
and synchronous interactive special delivery class, 92.2% of the teachers in rural small
schools agree that the students in rural small schools have a broader vision and know
more things. 87.1% of students believe that their interest in learning is stronger. 85.5%
of students believe that they have more communication with teachers and peers [13].
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Information Technology Abilities of Teachers in Urban and Rural Schools are
Significantly Improved
Information technology ability training for primary and secondary school teachers were
carried out in the experimental area, adhere to the combination of school-based training
and off-campus training, centralized training and self-study. Great importance has been
attached to the process of evaluation of the learning effect of the teachers involved in
the training. The overall effect of teachers’ information teaching ability training lasting
three years is good, among which 30% of the teachers have reached the excellent level,
50% have reached the good level, and only 10% of the teachers have not fully mastered
the training content due to poor knowledge foundation or incomplete homework [13].

4.2 The Construction of High-Quality Teacher Resources Sharing Mode

In the practice of Xian’an, the synchronous classroom including synchronous inter-
active hybrid classroom, synchronous interactive special delivery classroom promotes
the sharing of teacher resources.

Synchronous interactive hybrid classroom teaching adopts the mode of 1 + M
(M63 rural small schools). That is, each urban school in the experimental area directly
provides high-quality synchronous interactive teaching to the rural small schools under
its jurisdiction through the network.

In the synchronous interactive classroom, the teacher in urban school is served as
main lecturer while the teacher in rural small school plays the role of assistant teacher.
The lecturer needs not only interact with the students in the urban school, but also
communicate with the students in the rural small schools through the synchronous
network, so as to keep pace with each other.

Teachers in rural small schools need to change their roles and cooperate closely
with the teachers in urban schools. They are specifically responsible for students’ pre-
class preparation, classroom order maintenance, feedback, and homework correction.
Students in urban and rural schools jointly answer the lecturer’s questions. In the
process of interaction and collaboration, the students of the two areas continuously
deepen their understanding of each other and cultivate their interpersonal skills,
information technology skills, and broaden their horizons. Problems also exist that the
lecturers are hard to pay attention to the urban and rural students at the mean time.
Students in rural small schools may feel isolated.

In order to avoid the shortcomings of synchronous interactive hybrid classroom,
synchronous interactive special deliver classroom teaching is proposed. It is the net-
work synchronous interactive teaching between the main lecturer and students in rural
small schools, and the teaching objects are only rural teaching students. It is specially
designed for the characteristics of students in rural small schools. It provides the high-
quality teachers of the urban school to rural small schools through network to realize
the two-way interaction between the main lecturer and rural students. It effectively
avoids the disadvantages of synchronous interactive hybrid classroom that is difficult to
take into account the different learning needs of students in the two schools.

Through network synchronization, the teaching of high-quality teachers in urban
areas can be transferred to the classroom of rural small schools, so as to realize the
sharing of high-quality teacher resources. Before the beginning of each semester,
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teachers shall jointly negotiate the curriculum plan of the synchronous class. The
course plan is carried out in strict accordance with the syllabus and curriculum stan-
dards of each subject. The teacher will design the teaching plan according to actual
situation of rural small schools. Curriculum evaluation standards are issued by the
teaching and research group of the Education Bureau, and are evaluated according to
the actual situation of teachers and students in the rural small schools.

Although the sharing of teacher resources between urban and rural areas has
achieved, problems also emerge during the practice.

First of all, it is difficult for the lecturers in urban schools to effectively balance the
teaching in their schools and the two or three rural small schools under their juris-
diction. They may pay more attention to students face-to-face in urban schools and
ignoring students in rural small schools.

In addition, due to a lack of contact between students in rural small schools and the
lecturer, the students are not active in answering questions, which will directly affect
the teaching effect of the urban and rural classroom.

Thirdly, it is difficult for students in rural small schools to maintain attention. As the
digital schools generally have two or three rural small schools under their jurisdiction,
the students can only learn from the live video, which lacks the face-to-face interaction
between teacher and students. It may lead to divergence of attention.

Thus, we suggest that the main lecturer and the assistant teacher should fully
communicate with each other about the teaching content before class, including what to
teach, what teaching aids are needed in class, what should be paid attention to, and so
on. During the class, the assistant teacher and the students should participate in the
interaction together to improve the participation of students in the rural small schools.
After class, the lecturer gets feedback and suggestions from the assistant teachers. In
addition, the main lecturer can go to the rural small schools once a month, increasing
the contact with the students there.

5 Conclusion

Information technology enables poor and remote rural schools to enjoy the high-quality
teacher resources without changing the allocation of teachers. From the perspective of
educational equity, it can be found that the two teaching methods are to enable children
in poor areas to enjoy the same opportunities of quality resources as children in cities,
and to guarantee the educational process equity as described by Husén [14, 15], a
Swedish educator. Among all the teaching resources, teachers are the primary resources
of education and the uneven allocation of teacher resources is an important reason for
the gap between urban and rural education [2–4].

In this article, we describe the practice of the transferring and sharing of teacher
resources from urban schools to rural small schools to balance the education between
urban and rural areas for facilitating the balanced development and equity of education
in Xian’an district, Hubei province. And most importantly, we discuss the preliminary
results after the practice in Xian’an district. The construction of high-quality teacher
resources sharing mode is also illustrated in the paper.
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In the process of using information technology, appropriate technologies and means
should be chosen according to local conditions. And different methods should be
adopted in different scenarios to solve teaching problems and improve the quality of
education. Secondly, the concept of community should be established. By means of
“regional pairing, school grouping and teacher cooperation”, the community of
teaching practice should be established to form a co-construction and sharing mech-
anism of high-quality resources.

Education authorities should fully mobilize various social forces such as the state,
local government, enterprises, educational organizations, teachers and students to form
a multi-party coordination mechanism of “government-guided, enterprise-constructed,
university-supported, and school-applied”. Guided by market application, advanced
theories from universities and advanced technologies from companies should be pro-
vided. Through government funds and management support as well as active partici-
pation of primary and secondary schools, education authorities should jointly seek
appropriate strategies and implementation paths of education informatization.

There are also some limitations. Firstly, the main purpose of the case study
methodology is to dig deeply into the areas where hypotheses are uncertain and con-
textual commonalities among the participants are stressed, rather than differences [16,
17]. Secondly, we only illustrate one case of practice in one experimental area, so the
universality should be enhanced.
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Abstract. Open educational resources (OER) is increasingly popular amongst
all levels of educational institutions. However, it is noticed that adaptability of
OERs for in-service training in specific industry is a major factor. Training
managers, trainers and trainees also have concerns on the training packages’
practicability developed by vocational and professional education and training’s
(VPET) subject teachers and academics. Although advice and consultancy were
obtained from industry practitioners during the development of the training
packages, it is always an issue of generalisation and adaptability because of the
difficulty for one jacket to fits all. Each organisation has its training practices in
terms of organisational culture, protocol and standard. This empirical study
looks into the aforementioned factors with a hope to provide solutions and
insights on future development, and application of OERs in the hotel industry.
Using the concept of expert judgement, feedback and comments were gained
from trainers and trainees on the following areas (1) instructional design,
(2) user interface and (3) functionality as well as qualitative feedback on the
usefulness and adaptability to suit industry’s training needs to examine the
effectiveness and practicability of the training packages developed for a
VPET OER Project. Findings revealed that trainers and trainees in the hotel
industry well accepted the OERs and regarded they are practical, comprehensive
and well designed to meet their needs. Feedback also showed that the training
materials are very useful especially for those learners who are new to the hotel
industry.
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1 Introduction

Open educational resources (OER) is increasingly popular amongst all levels of edu-
cational institutions around the world over the last decade [1]. Online OER learning has
become one of the youngsters’ most preferred learning activities because of the self-
paced, self-regulated and flexible nature of the courses [2, 3]. Studies also revealed that
OER and online learning are the future of education for they opened up a lot of
opportunities and choices for the less privileged [4]. Kearney, Schuck and Burden [5]
asserted that online learning opened up a third learning space (trains, café etc.) in
addition to the first (educational institutions) and second (libraries, museums, field
trips) learning spaces. Ng [6] elaborated the concept and asserted that technology
enabled learning opened up a new dimension of omniscience learning space not
bounded by space and time. Students can preview and review the online materials at
their own pace and time while teachers can also keep track of students learning process
[7–10]. Given majority of the online video source OERs are designated for the learning
of knowledge and theories, they are more suitable for the higher education sector.
However the application on vocational and professional education and training’s
training (VPET) is less favourable because of several reasons. Ng and Lam [11] found
out that within VPETs training institutions, teachers and instructors’ reluctance towards
OER rests on the perception and practicability because a number of teaching are hands-
on and conducted in workshops with specific facilities and settings. It is also noted that
they are skeptical about the effectiveness of the online learning mode especially on
students’ motivation and their efforts on self-regulated learning. It is also noted that
adaptability for in-service training in specific industry is another major factor. Training
managers, trainers and trainees also have concerns on the training packages’ practi-
cability developed by VPET’s subject teachers and academics. There are always issues
of generalisation, adaptability and discrepancies between institutional groomed and
workplace trained practitioners. In view of the above, the authors of this paper, Ng, R.
has 25-year experience in education and training with a speciality in developing VPET
learning resources; Ng, S. has 30-year experience in education sector while Liu, B. has
over 35 years of sector experience and is currently a human resources director in a
multi-national hotel in Hong Kong. The authors are also researchers, contributors,
subject experts and project assessors in a Hong Kong Government funded Quality
Enhancement Support Scheme (QESS) project ‘Development of Effective Pedagogical
Practices and a Cross-institutional Online Sharing Platform for Hong Kong’s VET’.
The Project aimed to identify suitable VPET pedagogical practices to devise suitable e-
learning means for more effective learning and teaching. The deliverables are a series of
OER online learning packages for VPET stakeholders uploaded on an online platform.
Using the OER packages developed for the hotel sector from the platform, this
empirical study looked into the application of OER packages with a hope to provide
solutions and insights on future development of OERs for the hotel industry.
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2 The Tripartite Collaboration in VPET

VPET or in another commonly used term technical and vocational education and
training (TVET) has gained much attention in the past decade [12–16]. VPET or TVET
comprises “education, training and skills development relating to a wide range of
occupational fields, production, services and livelihoods” ([17], p. 2) and aims to
generate manpower by nurturing professionals and skilled technicians. UNESCO has
been studying the needs and strategies to revamp and better develop vocational training
[17]. Studies revealed that the reformation of TVET in Asia is essential because of the
advancement of technologies, rapid economic and societal changes as well as the needs
of new skills and competencies required at work [18, 19]. As early as 2010, the
SkillsFuture Singapore (SSG) initiative purports to “promote culture and holistic sys-
tem of lifelong learning through the pursuit of skills mastery, and strengthen the
ecosystem of quality education and training in Singapore” [16]. The SSG initiative
showed that tripartite collaboration between government, industry sectors and educa-
tional institutions is the essential factor to devise policies and mechanism to cope with
the fast changing needs in industries. OECD’s report further indicated that TVET’s
sustainable development rely on “the effective partnership between government,
employers and unions to ensure that the world of learning is connected at all levels with
the world of work” [20, 21]. Diep and Hartman [18] stressed on TVET teachers’
competence of linking real work process with professional learning process and
asserted that “teachers need to understand the process of work in real workplaces” and
“consider the cooperative learning places and the content of the curriculum” (p. 9).
That requires a good application of pedagogical content knowledge (PCK) so that
teachers and trainers can transform the subject contents into teaching and training
practices [22–24]. In view of the above, the urgent needs remain on closer collaboration
between TVET institutions and industries to benefit learners and trainees in TVET
institutions and workplaces.

3 The Hong Kong Experience

TVET in Hong Kong has also gained the government’s attention to cope with the
global trends. The Task Force on Promotion of Vocational Education was formed in
2014 by the HKSAR Government to conduct studies and advise the Secretary for
Education on strategies and concrete proposals to raise the awareness and recognition
of vocational education in Hong Kong. After a series of public engagement activities
with the stakeholders on their perceptions towards TVET, the Task Force recommends
a three-pronged strategy to promote TVET. Firstly, Rebranding VET: the Report
suggests “to rebrand VET in Hong Kong as Vocational and Professional Education and
Training (VPET)” to further enhance the professional knowledge, professional
recognition and articulation pathways of vocational and professional education and
training [25]. Secondly, Strengthening Promotion: to promote and to raise awareness
and recognition of vocational education in Hong Kong through a range of publicity
campaigns and organisation of large-scale skills competitions together with applied
research to exhibit students’ achievement and professionalism, thus to raise the
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professional image of VPET. Thirdly, Sustaining Efforts: the Report “recommends the
government to encourage the senior government officials to seize every opportunity to
promote and support VPET on different occasions so as to demonstrate the govern-
ment’s support and recognition of VPET as an integral part of the community” ([26],
p. 102). Furthermore, to seek the major chambers of commerce’s support regarding
recruitment and promotion to foster career progress of VPET.

In addition, the Education Bureau of HKSAR funded a Quality Enhancement
Support Scheme (QESS) Project to engage four VPET institutions to collaborate on a
3-year Project “Development of Effective Pedagogical Practices and a Cross-
institutional Online Sharing Platform for Hong Kong’s VET” to study the needs of
VPET and to develop a series of innovative OER teaching and learning packages in the
four selected programme areas (Hotel and Catering, Health Care and Community
Services, Business and Management and Servicing) on a sharing platform named
VPETCity. The study report suggested that technology enhanced learning (TEL) would
be the most appropriate innovative pedagogical practices to accommodate VET stu-
dents, teachers and workplace mentors’ learning and teaching needs. The report also
recommended making use of new technologies to blend face-to-face teaching with e-
learning or mobile learning to further enhance students’ motivation and interaction
[26]. A series of 13 learning and teaching packages in the four aforementioned pro-
gramme areas were developed after consultancy from industry practitioners, VPET
teachers, instructional designers and multi-media programmers. Taking this opportu-
nity, this study aimed to find out the hotel industry practitioners’ views on the pack-
ages’ usefulness, effectiveness and practicability of the OER packages.

4 Research Methodology and Design

This empirical study adopted the “expert judgment” concept by Dempster [27]. Using
structured expert review form, data was collected from experts from the hotel industry.
Using expert review form that contained eight structured criteria referencing closed-
ended questions on the respective areas (1) instructional design, (2) user interface and
(3) functionality on a Likert scale from 1 to 4 (where 1 is the least favourable and 4 is
the most favourable) and a section to collect overall qualitative comments from trainers
and trainees. The items in the questionnaire were used to examine the usefulness,
adaptability, effectiveness and practicability of how the OER training packages able to
suit industry’s training needs and they were as follows:

(1) Instructional Design
a. Clarity of objectives to learners: realistic, achievable, operational
b. Clarity of information structure: amount of information, clear structure, logical

flow of content
c. Comprehensibility of content: clear and easy to understand

(2) User Interface
a. Visual structure: consistency, memory load
b. Aesthetics of interface
c. Legibility of text
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(3) Functionality
a. Navigation: Ease and effectiveness
b. Use of graphics/media: Meaningful and functional

A total of 15 participants (6 trainers and 9 trainees) in one of Hong Kong’s multi-
national hotel participated in this study. The participants were asked to log on the
VPETCity website to trial test the four teaching and packages (Wine and Spirits
Studies, Principles of Foods and Beverages, Front Office Operations and Housekeeping
Operations) developed for the hotel industry. All the learning materials, activities and
assessment items that including lecture videos, animated PowerPoint presentations,
online quizzes and examinations were being tested by the participants. Both feedback
and responses to the items in the expert review form were collected after a two-week’s
trial period and regarded as expert reviews.

5 Findings

Responses to the items in the expert review forms were analysed while the open-ended
feedback from the open-ended question was further examined to explore emerging
issues. Six trainers trial tested the respective teaching and learning packages (one for
Wine and Spirits Studies, one for Principles of Foods and Beverages, one for Front
Office Operations and three for Housekeeping Operations). Nine trainees also trial
tested the Front Office Operations and Housekeeping Operations teaching and learning
package.

5.1 Responses from Trainers

Wine and Spirts Studies
In terms of Instructional design, the trainer rated 4 on the scale and contented that
objectives of the module are operational, specific, realistic and catered for learners’
achievement while leaners need to take effort to discern the content structure and the
flow of logic is sometimes illogical (rated 2 on the scale). The trainer rated 1 on the
scale and also concerned that the content is not clearly written and learners may have
difficulties to understand the technical terms at ease. Responses for the item on User
interface revealed that the trainer consented that the use of navigation tools and graphic
layouts are in consistency (rated 3 on the scale) while some icons and buttons are user-
friendly and take times to memorise their functions (rated 3 on the scale). The trainer
agreed that some part of the package (colours and fonts design) would able to gain
learners’ attention while there are still rooms for improvement (rated 3 on the scale).
For Functionality, the trainer admitted that the navigation design and learning strategies
are ease of use and enable learners to navigate between screens and have control of
when to quit a particular part or the whole programme (rated 4 on the scale). Apart
from the above, it is found that many graphics/media are decorative but some can
enrich textual message (rated 2 on the scale). Qualitative feedback on the usefulness
and adaptability to suit industry’s training needs are summarised as follows:
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• “The Programme Team puts effort in ensuring references are in line with the
learning content and that relevant and up-to-date references are adopted as far as
possible. The Programme Team will review and update references as appropriate”.

Principles of Foods and Beverages
Responded to the item on Instructional design, the trainer rated 3 on the scale and
contented that objectives of the module are generally realistic and achievable but still
need fine-tuning to make it more specific. The information given is of appropriate
amount and presented in a logical way for learners to easily discern the content
structure (rated 4 on the scale). The trainer also agreed that the content is clearly written
and learners can understand the technical terms at ease (rated 4 on the scale).
Responses for the item User interface revealed that the trainer consented that the visual
structure is very clear and consistency while icons and buttons are user-friendly and
learners can easily adapt to the interface design (rated 4 on the scale). The trainer also
agreed the whole interface is comfortably looked and the package is aesthetically
pleasing and learners will be attracted by the visuals used to enhance memory of the
contents (rated 4 on the scale). Text is also easy to read because of the design of font
size and type (rated 4 on the scale). For Functionality, the trainer admitted that the
navigation design and learning strategies are ease of use and enable learners to navigate
between screens and have control of when to quit a particular part or the whole
programme (rated 4 on the scale). Lastly, it is found that mostly graphics/media are
functional and carry meanings. They can enrich textual message in order to enhance
and reinforce learners’ learning (rated 4 on the scale). Qualitative feedback on the
usefulness and adaptability to suit industry’s training needs are summarised as follows:

• “The programme structure is designed in such a way that individual Module can be
offered as standalone programmes to meet with various demands in coming years”.

• “The programme is designed to meet the needs of in-service personnel to enhance
their competitiveness and employability by improving their professional knowl-
edge, skills and management capability”.

• “It is also intended that the programme content would act as a foundation for
graduates to pursue further studies”.

• “Furthermore, in comparison with other available programmes in the market, this
programme provides a wider scope and breath with its focus not only on wine but
also on other beverages, such as coffee, Chinese tea and beer”.

• “The competitiveness of this programme should not be underestimated”.
• “Nevertheless, according to different needs of students, they may choose to pace

their own learning and complete the required modules within maximum registration
period; or to exit the programme with exit award given that he/she has passed the
required modules”.

• “The programme is designed with multiple intermediate awards and exit awards
based on module accumulation which would provide flexibility for the students to
obtain different professional qualifications suitable to their needs”.

• “To enhance students’ interpersonal and communication skills, group work and
presentation are used for assessments”.
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• “Group work gives students the chance to interact with each other, discuss ideas,
compromise and reach consensus. Presentations, on the other hand, help students
build up their confidence and ability in presenting and explaining ideas clearly and
effectively”.

Front Office Operations
In response to the item Instructional design, the trainer rated 4 on the scale and
contented that objectives of the module are operational, specific, realistic and catered
for learners’ achievement while the information given is of appropriate amount and
presented in a logical way for learners to easily discern the content structure (rated 4 on
the scale). The trainer also agreed that the content is clearly written and learners can
understand the technical terms at ease (rated 4 on the scale). Responses for the item
User interface revealed that the trainer consented that the use of navigation tools and
graphic layouts are in consistency (rated 3 on the scale). Although some icons and
buttons are user-friendly, learners need to take times to memorise their functions (rated
3 on the scale). The trainer agreed that some part of the package (colours and fonts
design) would able to gain learners’ attention while there are still rooms for
improvement (rated 3 on the scale). For Functionality, the trainer opined that although
a consistent navigation design can be found that the navigation design between are still
not so user-friendly and limited learners to navigate between screens (rated 3 on the
scale). Lastly, the trainer found that many graphics/media carry meanings and can
enhance textual message (rated 3 on the scale). Qualitative feedback on the usefulness
and adaptability to suit industry’s training needs are summarised as follows:

• “Both training materials are very useful especially for those learners who are new to
this hotel industry. The contents are comprehensive that consisting of the essential
knowledge for these two operational departments”.

• “Overall, it is a great learning material for new staff and student to learn the basic,
and for experienced staff, it is an amazing opportunity to refresh the crucial
knowledge”.

• “Recommend putting a summary at the end of each week to recap the key takeaway
and vocabularies list in order to maximise the learning outcome”.

Housekeeping Operations
Three trainers trial tested the teaching and learning packages and their responses are
summarised as follows:

In terms of Instructional design, one trainer rated 3 on the scale and asserted that
objectives of the module are generally realistic and achievable but still need fine-tuning
to make it more specific. Two trainers rated 4 on the scale and contented that objectives
of the module are operational, specific, realistic and catered for learners’ achievement.
One trainer opined that information given is of appropriate amount but learners will get
lost occasionally (rated 3 on the scale) while the other two trainers agreed that the
information given is of appropriate amount and presented in a logical way for learners
to easily discern the content structure (rated 4 on the scale). One trainer rated 3 on the
scale and opined that although content is written in a clear way but there are occasional
technical terms that learners may take times to understand. Two trainers agreed that the
content is clearly written and learners can understand the technical terms at ease (rated
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4 on the scale). Responses for the item User interface revealed that one trainer con-
sented that the use of navigation tools and graphic layouts are in consistency (rated 3 on
the scale) while other two trainers rated 4 on the scale consented that the visual
structure is very clear and consistent while icons and buttons are user friendly and
learners can easily adapt to the interface design. One trainer found no or little aes-
thetical sense in the package (rated 2 on the scale) while the other two trainers found
the whole interface is comfortably looked and the package is aesthetically pleasing.
Learners will be attracted by the graphic or animation used and the use of colour in text
and graphics are likely to enhance learners’ memory (rated 4 on the scale). One trainer
rated 3 on the scale found learners can read the text in general and the font size and type
used are appropriate but with rooms for improvement. Two trainers agreed that text is
easy to read because of the colour and design of font size and type (rated 4 on the
scale). For Functionality, one trainer opined that although a consistent navigation
design can be found that the navigation design between is still not so user-friendly and
limited learners to navigate between screens (rated 3 on the scale). Two trainers
admitted that the navigation design and learning strategies are ease of use and enable
learners to navigate between screens and have control of when to quit a particular part
or the whole programme (rated 4 on the scale). Lastly, one trainer rated 2 on the scale
found many graphics/media are decorative but in-turn can enrich textual message. Two
trainers found that most graphics/media are functional, carry meanings and can enrich
textual message in order to enhance and reinforce learners’ learning (rated 4 on the
scale). Qualitative feedback on the usefulness and adaptability to suit industry’s
training needs from the three trainers are summarised as follows:

• “Videos are the most useful resources as they are practical. They do suit for the
industry’s training needs as can be used for training up newcomers”.

• “I agreed it is really the practical program that student can have the very deep
understanding the overall condition of the industry as well as the more in-depth
aware the details of the job position”.

• “Moreover, it is also very useful for industrial training usage since the quality of the
training video is not possible for the hotel itself to make for their own training
usage”.

• “It is best use as the new join training & refreshment training to existing employee.
• I am personally will definitely to use it as our departmental training tool for our new

join & existing employee”.
• “It is most welcome to have the same co-operation or contribution in the future

which may have the mutually beneficial impact to both education aspect &
industrial aspect”.

• “It is very useful, easy to understand and helpful to me. It is also a good training
tool for the department”.

5.2 Responses from Trainees

Nine trainees trial tested the Housekeeping Operation package. The reason that only
this particular package was tested rested on the large proportion of housekeepers in the
participated hotel and their availability at the time of this study. Interestingly, all nine
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trainees rated 4 on the scale for the eight structured criteria referencing closed-ended
questions and generally agreed that the package is useful and helps them a lot in
familiarise the procedures and applying knowledge in housekeeping. They also agreed
that the package reinforces their prior knowledge and allows better understanding of
their professions. The responses from the trainees were very similar and it might
reflected the collective organisational culture in hotel industry. Furthermore, in-house
training was a basic requirement in that sector that all employees need to fulfil; and
hence the qualitative feedback from them were limited, reserved and mostly rested on
the positive side. In comparing to the trainers, the trainees were more in a passive
position and they may need to know the aims and objectives of introducing the OER
training packages before they make further meaningful responses. There may be a
further needs to seek trainers’ help to further explain those to the trainees for follow ups
to obtain additional views by conducting group interviews to triangulate the responses.

6 Discussion

In general, the trainers and trainees well accepted the teaching and learning packages
and regarded that they are practical, comprehensive and well designed to meet their
needs. Feedback also showed that the training materials are very useful and effective
especially for those learners who are new to the hotel industry. It is interesting to learn
that all the trainees found the housekeeping operations package useful and helps them
to familiarise the procedures and applying knowledge in their daily practices. The
package further reinforces their prior knowledge and allows better understanding of
their daily work. The well acceptance of the packages by both trainers and trainees may
result from several reasons. Firstly, the packages were developed after extensive
consultation from the hotel industry practitioners, subject teachers, instructional
designers, multimedia programmers and assessed by industry experts to minimise
discrepancies of what the VPET institution teaches and what the industry needs in
workplaces. As the OER training materials aimed for self-learning, the content
arrangement, instructional design, user interface design and the functionality were
discretely structured to accommodate the learners’ learning needs. Secondly, different
kinds of media and representations, such as text, graphics, tables, audio, videos, ani-
mations, and interactive dynamic visuals were used in the packages to help learners to
retain information and engagement. Thirdly, innovative TEL pedagogy was adopted to
enable mobile, flexible and timely learning to suit the learners’ work schedule in the
workplaces. Fourthly, as the OER packages are regarded as a new training concept to
the industry practitioners that the trainers can save time on developing the materials and
they can easily adapt particular sections to accompany their training; the convenience
and practicability well addressed their needs. Wong, Li and Wong [28] found that e-
learning and online resources play significant role in continuing professional devel-
opment (CPD) and becomes a viable way to support CPD in the near future. For the
trainees, the flexible self-learning packages enable them to learn and review the lessons
anytime and anywhere and thus free up a lot of physically bounded in-house training
hours. Lastly, the OER packages help the industry to save up huge amount of money
since the content development, preparation and production process is time-consuming
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and requires a lot of resources. Nevertheless, there are concerns about the overly
positive feedback from the trainers and trainees. One salient point may rest on the
excitement of the new. As the OER packages are considered as the very first attempt to
change the concept of in-house training, the halo effect may override the actual use-
fulness, effectiveness and practicability of the packages. The packages may need to be
tested over time instead of a relatively short two-week trial period. The other question
remains on the absolute positive feedback from the trainees. The trainees find the
packages useful because most of them are fresh in their jobs and the effectiveness may
subside when their experiences grow. It is also commonly known that in-house training
is the least favourite activity for staff, the self-learning enables them to self-regulate
their learning rather than physically bounded by in-house training sessions.

7 Conclusion

Using the OER packages developed by the EDB funded QESS Project, this study
adopted the expert judgement method to examine the usefulness, effectiveness and
practicability of the OER packages developed for the hotel industry. Implications of
this study are: 1. close collaboration and contribution of the stakeholders are essential
to derive of quality and practical OER. It is noticed that feedback from the trainers were
more keen than the trainers and it may result from their lack of engagement during the
OER developing process and hence, a loss of trainees’ views and ownership which led
to the limited qualitative feedback; 2. flexible and self-learning suits workplace
learning and training well for it enables flexible and timely learning without physical
boundaries; 3. technologies are constantly under rapid changes, development of tech-
nology enhanced OER must not solely rely on technologies but more attention shall be
given on pedagogies and instructional design; 4. this study has its own limitation and it
is of certain that across hotels wide trial would help to test generalisability; 5. only the
Housekeeping Operations package was trial tested because of the availability of par-
ticipants, hence the validity is under challenge. Nevertheless, this study served as a
pilot test of the OER packages and their application in the hotel workplaces; further
studies of the OER packages developed for other industries will be able to generate
views and data for multi-dimensional comparison between stakeholders, organisations
and industries for knowledge and practice advancement.
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Abstract. In China, the disadvantages of disciplinary differentiation are
increasingly emerging, while STEAM education emphasizes the application of
interdisciplinary knowledge and the cultivation of innovative talents. With
project learning as the core to help students master knowledge and skills,
STEAM education emphasizes the use of scientific inquiry methods to stimulate
students’ interest in exploring the knowledge hidden behind the problem, and
focuses on the adoption of engineering design to propose a solution. Combining
the existing instructional design theory through literature review with the
instructional design elements of some emerging learning styles, this study
designed a STEAM course called “Making Handmade Wood-burning Ceramic
Cups”. A lesson was selected as a case to illustrate the details of this course,
followed by the teaching effect to verify its feasibility and effectiveness.
Together with the previous introduction about current STEAM projects in
China, this paper provides reference for the construction of a STEAM course in
primary and middle school with local characteristics.

Keywords: STEAM education � Instructional design �
Wood-burning Ceramic Cups

1 Introduction

STEAM is the abbreviation of science, technology, engineering, arts and mathematics.
At present, there is no clear definition of STEAM education and researchers mostly
define it from a certain aspect in combination with their own research content. This
study considers STEAM education as to help encourage learners to try in all manner of
ways (e.g. engineering design, scientific inquiry, mathematical methods, technical
making or artistic description) to solve real-world problems. In STEAM education,
students use interdisciplinary knowledge and methods to enhance their innovative
ability and even overall development [1]. Literature review shows that foreign articles
mainly focus on STEAM education standard, engineering education, science education,
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STEAM course implementation, STEAM educators, and the like [2]. Among them, the
practical exploration on STEAM courses receives the most concern in developed
countries, such as the United States, Germany, Japan, etc. However, STEAM education
has not been fully developed in China. The earliest relevant research can be tracked
back to 2008, discussing some Chinese scholars’ opinion and analysis on the status and
policies of STEM/STEAM education in the United States. The number of research
articles has increased dramatically during 2013–2016, focusing on the development
status and policy interpretation of STEAM education abroad, the theory of STEAM (its
connotation, characteristics and functions), as well as some STEAM practice including
interdisciplinary integration, curriculum system construction and specific disciplinary
application. Nevertheless, there are few researches on STEM/STEAM technology
support and STEM/STEAM teacher professional development [3].

At present, STEAM education has been included in the National Education Devel-
opment Policy of China, which accelerates the exploration of STEAM localization in
China. More and more university researchers started to cooperate with primary and
secondary school teachers in thefield of interdisciplinary integration and innovative talent
training. At the same time, the ChineseMinistry of Education issued a national plan called
“the Guideline for Comprehensive Practical Activity Courses in Primary and Secondary
Schools” [4], stating new requirements for students’ overall development. That is, the
courses should start with the problems in students’ real life or associated with their needs.
Instead of telling them about these problems directly, teachers should try to assist them to
identify these problems by themselves, and help transform them into some project themes
(or activity themes). Most importantly, teachers should encourage students to find solu-
tions through investigation, experience, hands-on making, etc. Similarly, STEAM edu-
cation emphasizes providing students with realistic learning situations, encouraging them
to solve a complex problem step by step under the framework of Science, Technology,
Engineering, Art andMath, and paying attention to the importance of students’ high-level
thinking and collaborative participation. In this way students will benefit a lot and
improve in all-round ways [5]. As can be seen from above that both Comprehensive
Practical Activity Courses and STEAM education share the same ideology in training
students’ abilities: (1) learning by solving real problems through hypothesis claiming and
proving; (2) experiencing failure and success during the course of exploration; (3) gaining
communication skills and self-regulating ability in collaborative situations [6]. Accord-
ingly, STEAM education is considered to be the most suitable way to design and
implement Comprehensive Practical Activities Courses in China.

In this context, more and more distinctive STEAM cases have emerged in China.
The followings are some examples: (1) Shanghai Nanyuan Primary School, a “National
Meteorological Science Model School” [7], develops some regional meteorological
resources from interdisciplinary point of view and establishes a multi-dimensional
learning environment (e.g. meteorological wind chime garden, plant nursery, meteo-
rological science electronic screen, etc.) to support students’ experiential and inquiry
learning. After years of practice, three types of STEAM course have been formed
gradually: basic type (e.g. “Knowledge for Meteorology and Life” based on language
subjects), extended type (e.g. “Meteorology and Agriculture”) and inquired-based type
(e.g. “The impact of temperature changes on campus plants”). (2) Shenzhen Moon Bay
Primary School develops a STEAM course called FEG (Finding-Engineering-Genius)
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smart car. Students first learn the shape of car body and its assembly method through
scientific inquiry, and then experience the engineering design process through
assembling and driving the car, and finally creatively design with a 3D modeling
software called “SolidWorks”. In this project-based learning, their overall promotion
can be anticipated. (3) The Pei Dao Middle School in Macau develops a telescope-
themed STEAM course, in which students learn the types of lenses and imaging
features. Together with the calculation and measurement of the focal length, diameter,
thickness and magnification of the lens, students learn how to make a telescope through
draft design, work piece fabrication and assembly, and testing. (4) Hong Kong
Leshantang Yu Jinqing Middle School takes the fish and vegetable symbiosis system, a
mutual symbiotic ecosystem of aquaculture combined with hydroponic cultivation, as
the topic for students from the first to third grades. Students can experience the
engineering design process by taking tasks like “making a simple water filter model”,
“making a fish and vegetable symbiosis mobile vehicle”, etc. Implied by these courses,
this paper took “Making Handmade Wood-burning Ceramic Cups” as an example to
provide reference for the construction of STEAM courses with local characteristics by
discussing its instructional design and implementation in detail.

2 Course Design

2.1 Course Introduction

Wood-burning, a ceramic firing craft using wood as fuel, is the oldest ceramic firing
technique in China. It is quite difficult to burn a kiln, and the quality of wood-burning
works depends on the control of clay, fire, firewood, and kiln. That is to say, the type of
clay, the variety of wood, the time of firing, and the control of temperature all affect the
final product. This is a typical case that tiny changes make a huge difference, which
serves as an entry point for students to explore. Therefore, the wood burning craft is
very suitable for the topic of a STEAM course.

The goals of this STEAM course are: (1) Through experiential learning and explo-
ration, students will learn about the environment, process, factors affecting the firing
effect, together with its history and culture. (2) By visiting Foshan Nanfeng ancient stove
as a field trip, students will learn how to test the temperature and understand the chemical
changes of the clay under high temperature. (3) By exploring the influencing factors of
pottery firing through experiments, students will master the solution and gain the ability to
make a test. (4) Students are supposed to design and make a wood-burning plan, tune the
temperature and position of the wood burning according to the test results, and make a
personalized hand-cranked ceramic cup. (5) Students will learn how to showcase their
works and exchange ideas with their partners.

The segmentation of its teaching objectives under the framework of STEAM is
shown in Table 1.

In this paper, the term “S/T/E/A/M Knowledge” is used to represent Scientific
Knowledge, Technical Knowledge, Engineering Knowledge, Artistic Knowledge and
Mathematical Knowledge mentioned in the first column of Table 1, while “S/T/E/A/M
Ability” is used to represent those abilities shown in the same column.
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2.2 Procedures and Activities

The instructional design of this course mainly consists of the following five procedures:
Scenario Entering and Questions Raising, Scientific Inquiry and Mathematical Appli-
cation, Engineering Design and Technical Making, Knowledge Expansion and Crea-
tive Design, and Multi-evaluation and Learning Reflection. For our STEAM course, the
authors designed 14 teaching activities to specify these five procedures, as well as
pertinent learning resources, student worksheets, and evaluation forms. These activities
are shown in Table 2.

Table 1. Segmentation of the teaching objectives of “Making Handmade Wood-burning
Ceramic Cups”.

Dimension Teaching objectives

Scientific knowledge and the ability
to use scientific methods (S)

Students should learn: (1) the history, principle and
process of wood-burning; (2) the composition of clay
and its material changes at different temperatures;
(3) dragon kiln size and structure; (4) how to use
temperature-measuring tool; (5) the simulation
experiment of pottery firing explosion; (6) the
formation process and principle of the three elements
of pottery and glaze

Technical knowledge and the ability
to make with technology (T)

Students should learn or gain: (1) the ability to look
up and make records; (2) how to use temperature-
measuring cone; (3) the hand making procedure of
ceramic cups; (4) the selection and application of
survey methods

Engineering knowledge and design
(E)

Students should learn: (1) to draw a dragon kiln
structure diagram and identify its components; (2) to
make a temperature measurement plan; (4) to make
prototype test and modification; (5) to design wood-
burning schedule; (6) to do product finalization

Artistic knowledge and the ability to
describe in art (A)

Students should learn: (1) to evaluate different wood
burning works; (2) to design visually the shape and
function for ceramic cups; (3) to redesign according
to the products investigated within the field trip

Mathematical knowledge and the
ability to model in math (M)

Students should learn: (1) to measure, record and
compare experimental data related to temperature,
time and size; (2) the data representation for ceramic
cups; (3) group coding for ceramic cups

Table 2. Teaching activities of the course.

Activities Description

Project
introduction

Students learn about ceramics, wood burning history, and various firing
methods of pottery in various ways (e.g. reading materials, watching
videos, science resources, etc.), and reconstruct their knowledge
structure through discussion

(continued)
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Each of these 14 teaching activities links with the above five procedures as follows:

Scenario Entering and Questions Raising. Project Introduction;
Scientific Inquiry and Mathematical Application. Scientific Inquiry I\II\III,
Mathematical Practice;
Engineering Design and Technical Making. Technical Making I\II, Engineering
Planning, Thematic Practice I\II\III;
Knowledge Expansion and Creative Design. Technical Making II, Knowledge
Expansion, Social Connection;
Multi-evaluation and Learning Reflection. Discussion and Sharing.

Table 2. (continued)

Activities Description

Scientific inquiry
I

After on-site investigation of Nanfeng ancient stove in Foshan City,
students are required to draw and mark the structure and size of the
dragon kiln through measurement

Scientific inquiry
II

Students are encouraged to find out the main components of pottery and
its making procedure, mark down any temperature changes during the
ceramic firing process, and explore possible effects caused by different
wood burning temperatures

Technical
making I

To design and make simple test cups

Mathematical
practice

To learn the principle and usage of the temperature-measuring cone
through some mathematical task, and compare the range of commonly
used temperature-measuring tools

Thematic
practice I

Students use the temperature-measuring cone to measure the temperature
of different places in the dragon kiln and calculate the time required for
firing, and further test the firing effect of the pottery in each place of the
dragon kiln according to the results

Scientific inquiry
III

To explore the influencing factors of a successful ceramic firing

Thematic
practice II

To find the reason of explosion in the process of pottery firing by using
existing tools to conduct experiments on ceramic balls and balloons

Engineering
planning

To make a detailed work plan for hand-making ceramic cups

Technical
making II

To modify the prototype according to the experimental results of the test
cup, and make creative improvements

Thematic
practice III

To knead the ceramic cup according to the draft, adjust the plan
according to the actual measuring data, and then fire the ceramic cup

Knowledge
expansion

To understand the three elements of pottery (mud, glaze, and fire), and
the formation process and principle of glaze

Social
connection

To investigate other kilning ways from nearby factories, and to learn
how to identify and appreciate the handmade products of wood burning
in other burning ways

Discussion and
sharing

To show their own wood burning works and exchange opinions on the
firewood culture
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In the following, one of the teaching activities (Thematic Practice I) is selected for
the detailed presentation of the instructional design in Sect. 2.3, and the teaching effect
of the course is analyzed to verify its feasibility and effectiveness in Sect. 3.

2.3 Instructional Design of Thematic Practice I as a Case

As is mentioned above, procedure “Engineering Design and Technical Making”
includes one Engineering Planning activity, two Technical Making activities and three
Thematic Practice activities. In the engineering design process, students firstly optimize
the firewood plan and design draft, then select materials or components, and finally
make and test the firewood ceramic cup model by solving the problems discovered in
the previous learning process of scientific inquiry and technical making. In addition,
students are required to record the whole inquiry and practice process, and share
opinions with each other.

Again, the following is the decomposition of the teaching goals of this case under
STEAM framework: (1) S (see Table 1 for abbreviations): According to the planning
steps, students carry out the temperature-measuring experiment to measure the tem-
perature of different places in the dragon kiln and calculate the time required for firing,
and further test the firing effect of the pottery in each place of the dragon kiln. (2) T:
Students learn to choose tools, components and methods. (3) E: Students complete the
engineering steps in a planned manner: temperature measuring, time calculation, firing
trial and prototype testing. (4) A: Students summarize the artistic effect by organizing
their products together and discussing possible shapes in groups to share with others.
(5) M: Students record the temperature variation of different places in the dragon kiln
and calculate the time required for firing.

Here is the instructional design of Thematic Practice I:

(1) The focus is to test the temperature, time and effect difference between wood
burning and electric kiln firing on pottery.

(2) Key knowledge of this practice is the different firing effects of pottery at various
places in a dragon kiln.

(3) Teaching activities (90 min) include:

• Guidance: In the last lesson, students have known about the temperature-
measuring cone and how to use it. In this lesson, they are supposed to use it in
practice.

• Preparation before class: Students review the table of “Models of different
temperature-measuring cone and their softening points” and the instruction of
“How to use the temperature-measuring cone”.

• Testing the temperature-measuring cone: Students use the temperature-
measuring cone to find out the highest temperature in the firewood kiln and
electric kiln respectively (see Fig. 1 for illustration), and the temperature of
each place in the dragon kiln; and then calculate the time required for firing.
The test results should be marked down.

• Testing with test cups: Based on the above results, students test the firing effect
of the pottery in each place of the dragon kiln with test cups (see Fig. 2 for
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illustration), and mark down the temperature and effect on the worksheet
(completeness, foaming, crack, whitening, gloss, etc.).

• Discussion and sharing: Students discuss and exchange opinions on the artistic
characteristics of firewood ceramics in groups, and make a summary.

(4) Tools and equipment: Temperature-measuring cone, test cups, pen, and paper.
(5) Reading materials: The table of “Models of different temperature-measuring cone

and their softening points” and the instruction of “How to use the temperature-
measuring cone”.

(6) Student worksheet: Designed for students to mark down the shape of the
temperature-measuring cone in two kinds of kiln, compare their temperature and
time difference, and summarize the artistic characteristics as well.

(7) PMIQ (Plus, Minus, Interest, Questions) Table: Students use the PMIQ Table to
mark down what they learn, what they miss, what they are still interested in and
questions remaining.

3 Methodology and Results

Participants and School Background. The participants were 40 students in the 7th
grade from the 14th Middle School of Foshan City (divided into 8 groups). The
response rate of complete and valid surveys was 100%. The school is the capital of
ceramic art and has a strong cultural atmosphere. Wood-burning works can be seen
everywhere, so it is not strange to these students. What’s more, the school has a
provincial ceramic demonstration base with pottery equipment and setting, which lays a
good foundation for experiments.

Instrumentation. Pre-test and post-test questionnaires, teacher evaluation form, stu-
dent self-assessment form and student worksheet were included as the instrumentation
in our experiments. Specifically, (1) the questionnaires were adapted from [8] and [9].
The pre-test one consisted of 24 multiple-choice questions to investigate students’
learning attitudes, teachers’ teaching methods, students’ learning effects, students’
ability and STEAM literacy, while the post-test one added two open questions to check

Fig. 1. Testing the temperature-measuring
cone

Fig. 2. Testing with test cups
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students’ opinions on the relation between STEAM and the associated subjects. The
pre-test questionnaire is shown in Table 3. (2) The teacher evaluation form was
designed according to the characteristics and requirements of the STEAM course, and
the needs of student learning were taken into account. The teacher evaluation form
covered 14 activities mentioned above to comprehensively evaluate student’s perfor-
mance and work completion. The rates were divided into three levels: A, B and C. So
the full score was 14As, where 13As or 14As were considered as Excellent. (3) The
student self-assessment form was similar to the teacher evaluation form, but was filled
out by students to make self-assessment with PMIQ form. (4) The student worksheet
was a kind of teaching aid, where students filled in the blanks to test knowledge
acquisition, make discussion notes, mark down experimental data, draw charts, and the
like. That is to say, the students made a record for all they experienced on the work-
sheet, and their reflection as well. So that teacher or course leader could make
assessment to check their learning effect. This course had totally 13 worksheets, with a
score of 10 points each.

Table 3. Pre-test Questionnaire.

Components Survey purpose Item description

Learning attitude
(Q1–Q4)

The influence and function of the
instructional design on students’
learning attitude

1. I like this course
2. I usually like to watch books or
videos about firewood
3. I usually like to visit the
ceramic museum, dragon kiln or
ceramic exhibition
4. I will explore independently
when I have questions about
firewood

Teaching methods
(Q5–Q8)

Students’ feeling of the changing
of teaching methods

5. I identify teacher’s teaching
method as “learning and practice
dominant”
6. I like the teacher’s teaching
method
7. I think the teaching method can
improve the classroom efficiency
8. I hope the teacher will continue
to teach in this way

Learning result
(Q9)

Students’ self-cognitive changes
in their own learning effects

9. I am active and earnest in class,
and I’ve got productive learning
results

Multidimensional
ability (Q10–Q14)

The influence and function of the
instructional design on students’
collaborative learning ability,
hands-on ability, verbal ability,
problem solving ability and
creativity

10. I like to cooperate with my
classmates
11. I like to make things by myself
12. I would present my opinions in
class

(continued)
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Data Collection and Analysis Procedure. This study used action research method to
conduct two rounds of experimental research. In the first round, we observed in the
classroom and made records (how the students acted in the class). In the end, the pre-
test was conducted, together with the assessment by teacher evaluation form, student
self-assessment form and student worksheet. After that, we proposed strategies based
on the analysis of the teaching effect of the first round to make improvement in the
second round. Similarly, in the second round, we observed and made records, followed
by the post-test and the assessment by those two forms and worksheet. Note that all
responses were entered into Microsoft Excel for statistical analysis.

Table 3. (continued)

Components Survey purpose Item description

13. I’m good at solving problems I
encounter

14. I have a flexible mind in class
and often break the routine to be
creative

STEAM literacy
and Ability (Q15–
Q24)

The influence and role of the
instructional design on students’
mastery of S/T/E/A/M
knowledge and S/T/E/A/M
Ability

15. I’ve learned a lot by visiting
the museum
16. I can realize that the pottery
explosion is caused by the heating
difference between gas and solid
17. I can make the ceramic cup
according to the design
18. I can use the temperature-
measuring cone correctly
19. I can draw a structure sketch of
the dragon kiln and mark each part
of it
20. I can design a reasonable plan
for explosion experiment
21. I know how to identify and
appreciate the wood-burning
works
22. I can design a creative and
practical ceramic cup
23. I can measure the size of the
kiln as accurately as possible
24. I can figure out the
temperature change in firing
pottery
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3.1 Analysis of the Questionnaire Results

Table 4 compares the questionnaire results to see the difference between the teaching
effect of both rounds.

Table 4. Analysis of the Questionnaire Results.

Q Pre-
test

1st Post
test

2nd Post
test

Survey results

Q1 52.5% 75.0% 87.5% To a certain extent, it has enhanced the students’ learning interest, triggered their
curiosity, and widened their access to knowledge. For example, the number of
students who liked this course rose from 52.5% in pre-test to 87.5% in post-test
(hereinafter the former percent refers to the result in pre-test and the latter refers to that
in post-test). When confronting questions about firewood burning, the number of
students who chose to ask for help (or decided to explore by himself/herself) rose
from 12.5% (30%) to 20% (67.5%) respectively

Q2 20.0% 35.0% 50.0%

Q3 47.5% 60.5% 65.0%

Q4 30.0% 52.5% 67.5%

Q5 5.0% 75.0% 90.0% The change in teaching methods was recognized and appreciated by the students, and
more than half of the students believed that the current teaching methods could
improve the efficiency to a certain extent. For example, the number of students who
identified teachers’ teaching method as “learning and practice dominant” increased
from 5% to 90%. At the end of the course, the number of students who liked the
teaching method increased from 7.5% to 77.5%

Q6 7.5% 72.5% 77.5%

Q7 12.5% 65.0% 67.5%

Q8 5.0% 75.0% 80.0%

Q9 45.0% 67.5% 77.5% To a certain extent, it stimulated students’ interest and formed an active classroom
atmosphere. For example, the number of students who followed the course carefully
through to the end and performed actively grew from 45% to 77.5%, and the number
of students who could hardly complete the course reduced from 12.5% to 0

Q10 42.5% 65.0% 77.5% To a certain extent, it helped the students expand ways to acquire knowledge, and
cultivate students’ collaborative learning ability, hands-on ability, verbal ability,
problem solving ability and creativity. The number of students who liked to work with
their classmates, make things on their own, make presentation in class, and solve
complex problems increased steadily

Q11 12.5% 42.5% 55.5%

Q12 37.5% 57.5% 62.5%

Q13 7.5% 10.0% 15.0%

Q14 22.5% 25.0% 25.0%

Q15 0.0% 17.5% 25.% (1) The students ability to apply scientific knowledge and methods was improved. For
example, 95% of the students attained knowledge by visiting museums, and 100%
realized that the blow-up of a pottery was caused by the heating difference between
gas and solid
(2) The students gained technical knowledge and the ability to make things with
technology (selecting materials, tools, methods, etc.). For example, the number of
students who could complete the handmade ceramic cup according to the draft
increased from 40% to 87.5%
(3) The students gained engineering knowledge and the ability to conduct engineering
design. For example, both the number of students who could draw a brief structural
sketch of the Shiwan Dagon Kiln and identify each part of it and that of students who
could make a feasible experiment plan increased from 0% to 95%
(4) The students’ artistic appreciation, creation and the ability to describe in art were
improved. For example, the number of students who knew how to identify and
appreciate firewood burning works increased from 2.5% to 75%; and the number of
students who could design creative and practical ceramic cups increased from 40% to
70%
(5) The students’ ability to calculate, measure, and perform mathematical modeling
were improved. For example, the number of students who could accurately measure the
size of the kiln rose from 32.5% to 65%; and the number of students who could use
digits to describe the temperature change of the fired ceramic rose from 0% to 95%

Q16 2.5% 12.5% 15.0%

Q17 7.5% 25.0% 27.5%

Q18 0.0% 15.0% 15.0%

Q19 0.0% 20.0% 22.5%

Q20 0.0% 32.5% 32.5%

Q21 0.0% 7.5% 10.0%

Q22 2.5% 10.0% 15.0%

Q23 32.5% 50.0% 62.5%

Q24 0.0% 25.0% 25.0%
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3.2 Analysis of the Teacher Evaluation Form

After each round, the teacher used the teacher evaluation form to rate the students. The
excellent rate of the first round was 55%, while in the second round it reached 75%.
Among them, the number of students who achieved full mark increased significantly. It
can be seen that the second round saw a certain degree of improvement over the first
round. That is to say, the teachers gave higher praise for students’ classroom perfor-
mance, task completion and worksheet quality in each procedure, indicating that this
instructional design helped to improve students’ academic performance and cultivate
various abilities.

3.3 Analysis of the Student Self-evaluation Form

Results showed that the excellent rate of the first round was 42.5%, while in the second
round it reached 65%. It can be seen that the students’ scores on their classroom
performance, task completion and worksheet quality were improved to a certain extent
in each procedure, indicating that they had more rigorous self-requirements and
accepted their own learning outcomes and performance.

3.4 Analysis of the Student Worksheet Results

According to the analysis of the students’ worksheets collected in the first round,
students generally performed well. The students scored high in the sections of “Basic
Knowledge”, “Terminology Analysis”, “Data Recording”, “Site Investigation”,
“Design and Making”, but relatively low in the sections of “Measurement”, “Design
and Implementation of the Simulation “ and “Visiting Pottery Studio”. For instance,
when measuring the structure and size of the dragon kiln, the students were not well
organized due to unclear task allocation. When visiting the pottery studio, they felt a
little bit awkward due to lack of mastery of interview skills.

In the second round of teaching and learning, we made targeted improvements to
avoid reoccurrence of the above problems. Therefore, compared with the scores of the
first round, statistical analysis showed that the scores of the second round were higher.
Besides mastering basic knowledge, the students improved a lot in many aspects,
including collaborative learning ability, hands-on ability, problem solving ability and
creativity. In a nutshell, after two rounds of teaching practice, the students benefited a
lot by attending this course.

4 Conclusion

In conclusion, through the analysis of questionnaires, teacher evaluation form, student
self-evaluation form and student worksheets, the teaching practice of our STEAM
course named “Making Handmade Wood-burning Ceramic Cups” positively promoted
the students’ learning attitude, enhanced their acceptance of teachers’ teaching methods
and improved their learning effects. Moreover, the students’ abilities were enhanced
significantly, including collaborative learning ability, hands-on ability, verbal ability,
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problem solving ability, and creativity. And it had a good effect on the cultivation and
improvement of STEAM literacy and ability as well. As few researches have been done
on the instructional design of STEAM courses, this paper proposed the instructional
design and practice of a STEAM course in primary school, aiming at providing ref-
erence for the construction of STEAM courses with local characteristics.
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Abstract. The evaluation of MOOCs (massive open online courses) is needed
to improve their design quality and to inform learners regarding course selec-
tion. In this paper, we proposed and validated an Analytic Hierarchy Process
(AHP) Approach based on standardized rubric, expert feedback, data mining
and emotion detection to systematically and diagnostically evaluate the quality
of MOOCs. Using this approach, we analyzed review comments of three pop-
ular MOOCs on the Coursera Platform. The results indicate that the AHP
approach is a feasible MOOC evaluation method that can provide accurate
ratings as well as in-depth analysis of course design and learning outcomes. It is
concluded that this new approach can supplement the existing user rating system
with automated formative and summative evaluations.

Keywords: MOOCs � Quality assurance � Learners’ comments �
Diagnostic evaluations

1 Introduction

Massive Open Online Courses (MOOCs) are a new form of online instruction that is
transforming and reshaping the landscape of higher education [1]. Since 2008,
numerous MOOCs have been offered by high-profile universities to global learners on
platforms such as Coursera, edX, and Udacity. These courses serve as an outlet for
worldwide university outreach by making education accessible to the general public [2],
and thus are expected to promote life-long learning beyond the brick-and-mortar edu-
cational contexts [3]. However, the rapid proliferation of MOOCs also raised concerns
regarding their quality. For instance, Margaryan et al. [4] systematically analyzed the
instructional design of 76 MOOCs and found that “although most MOOCs are well-
packaged, their instructional design quality is low” (p. 77). The poor completion rates
and critical reviews indicate potential issues in MOOC design and implementation and
highlight the need for more accurate and meaningful evaluation of MOOCs [5].

There are three major approaches for evaluating the quality of MOOCs: expert-based
approach, standardized approach, and learner-rating approach, albeit each is limited in
certain aspects. Expert-based approach has subject-matter experts (SMEs) and instruc-
tional design (ID) professionals work together to thoroughly examine a MOOC and offer
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summative and formative feedback, but can be highly costly and time-consuming [6].
Standardized approach utilizes well-established rubrics such as Quality Matters (QM) or
Quality Assurance (QA) as the evaluating criteria [7, 8], but the actual experiences of
learners are often overlooked and dismissed. Learner-rating approach values the voices of
MOOC learners, but the user ratings are summative and over-simplified [9], failing to
identify key reasons behind the success or failure of the MOOC in evaluation. The
absence of evaluation approach that is comprehensive, sophisticated, accurate, and easy-
to-use hampers learners frommaking informed decisions regardingMOOCselection, and
makes it difficult to prescribe formative modifications to the existing MOOCs.

To address this research need, this study proposes a MOOC evaluation approach
informed by the Analytic Hierarchy Process (AHP), which integrates expert opinions,
standardized rubrics, and learner feedback into the evaluation algorithm. The AHP
approach is guided by the theoretical assumptions of course design and is based on the
mining of learner reviews. By evaluating three selected MOOCs on the Coursera
platform, this study seeks to validate the overall accuracy, diagnostic utility, and
usability of the proposed AHP approach. More specifically, the following questions
guided our research design:

1. What are the primary and secondary criteria for MOOC evaluation? How should
they be weighted in the AHP approach?

2. How are those indicators commented in learner reviews? What are the emerging
patterns of learner comments?

3. How accurate is the AHP approach in terms of overall course rating and problem
diagnosis?

2 Literature Review

2.1 Principles and Standards of Quality Online Instruction

Despite the difficulty to conceptualize the term quality for online instruction, many
researchers and organizations have prescribed principles and standards to assure the quality
of online programs and courses. For example, Margaryan et al. [4] applied and tested a 10-
principle framework forMOOC evaluation, and argued that well-designedMOOCs should
be problem-centered, enable activation of existing experience, allow demonstration and
application, promote knowledge integration and transfer, encourage collected knowledge
and collaborative learning, support diverse learning needs, and support expert feedback.
Many academic institutions and organizations have specified standards for quality online
courses. Take the international organization of Quality Matters (QM) for example, it pro-
posed and validated a course review rubric with 8 standards regarding course overview and
introduction, learning objectives, assessment and measurement, instructional materials,
learning activities and learner interaction, course technology, learner support, accessibility,
and usability [8]. The Pennsylvania StateUniversity (PSU) expanded the list of standards to
include course navigation, syllabus, instructor availability, and student input into the review
rubric for PSU online courses [10]. Similar quality assurance processes can be seen in
universities and colleges around the globe [11].
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2.2 Analytic Hierarchy Process (AHP)

AHP is a structured decision-making technique developed by Professor Saaty of
University of Pittsburgh in the 1970s. Users of AHP break a problem down and then
aggregate the solutions of all sub-problems into a conclusion. The key is to establish a
hierarchical analysis model composed of three layers (i.e., objective layer, criteria
layer, and alternatives layer), and then determine the relative weight of each criterion
by constructing a consistency judgment matrix. Rather than comparing all elements at
once, AHP makes prioritizing judgements by conducting a series of pairwise com-
parison of elements at lower-level. Using the 1–9 scale, each judgement seeks to
answer two questions: “which of the two elements is more important with respect to a
higher-level criterion, and how strongly” [12] (pp. 82–83). AHP then synthesizes the
judgements to calculate the overall priorities of the elements in the hierarchy. AHP has
been widely used in the field of education quality assessment. Researchers have applied
it to e-learning system assessment to make decisions regarding the best IT tools for
students and determine adult learning preferences [13, 14]. However, applications of
AHP in MOOC quality evaluation are still lacking in the literature.

3 Specifics of the AHP Approach for MOOC Evaluation

3.1 Evaluation Index

Selection of evaluation index is particularly important for the design ofMOOCevaluation
system. We modified QM rubric for online course evaluation to include a few standards
offered by Quality Assurance rubric for PSU online courses. Since learning outcomes are
a vital dimension in quality assurance of open education [15], we also added acquisition of
knowledge and skills and acquisition of learning method in to our evaluation and finally
concluded the following MOOC evaluation system (Table 1). In this system, we have
identified 9 secondary indicators, and classified them into 4 main dimensions of course
planning, course content, instructional process and learning outcomes.

Table 1. MOOC evaluation system and its indicators

Primary
indicators

Secondary indicators Evaluation criteria

B1. Course
planning

B11. Course overview
and introduction

Whether to have clear teaching target, course
program

B12. Accessibility
and usability

Whether the course is free or not

B2. Course
content

B21. Content
organization

Arrangement of teaching time, course content,
learning objectives are reasonable

B22. Learner support The usability of course technology, the rationality
and richness of teaching resources and materials

B23. Learning media The sound is clear, the video is clear and fluent,
and the subtitles are correct

(continued)
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3.2 Weight Assignment by AHP

Combined with experts’ judgment on the relative importance of impact factors, this
study uses Analytic Hierarchy Process (AHP) to calculate the weight of each indicator
on the basis of the MOOC evaluation system we have developed. The process of using
AHP to determine the weight for each indicator is shown below (Fig. 1).

This process can be divided into three phases: (1) First of all, a hierarchical analysis
model consisting of objective layer, criteria layer, and alternatives layer should be built
to determine the hierarchical relationships. (2) Judgment matrix is constructed based on
the experts’ judgment on the relative importance of each primary indicator in 1–9 scale
method. Single hierarchical ranking is to calculate the relative importance of the child
elements relative to the previous element by normalizing the maximum eigenvalue and
eigenvector of the numerical judgment matrix. The purpose of total hierarchical

Table 1. (continued)

Primary
indicators

Secondary indicators Evaluation criteria

B3.
Instructional
process

B31. Teaching
method

Whether the teacher’s teaching style is accepted
by learners

B32. Course activities Reasonable arrangement of course activities
(including exercises, tests and assessment etc.)

B4. Learning
outcomes

B41. Acquisition of
knowledge and skills

Whether learners can acquire knowledge from the
course instruction

B42. Acquisition of
learning method

Whether learners can learn from the course to
solve problems and acquire learning methods

Fig. 1. The process of using AHP to determine the weight of indicators for the evaluation
system
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ranking is also to calculate the weight of relative importance of elements and the
method is the same. The only difference between is that the single hierarchical ranking
only calculates the weight of the child elements relative to the previous element, while
the total hierarchical ranking needs to calculate the relative weight of all elements to
objective layer and it proceeds down from the objective layer. (3) Consistency of single
layer and total layer matrices are checked to ensure the degree of inconsistency is
limited to the allowable range. By means of consistency checking, it can solve the
conflicts between objective measurement data and human subjective judgement [16].
When the consistency tests are passed, the weight of each indicator in AHP can be
determined.

The problem of this study is to evaluate the quality of a MOOC course and we can
break this problem into 4 sub-problems. Following the analytical process of AHP, this
study used Yaahp10.1 to determine the weight of each indicator. Yaahp10.1 is a widely
used software that can conveniently construct the hierarchical model and judgment
matrix, and can automatically adjust the consistency of the judgment matrix. Firstly, a
hierarchical analysis model was built in Yaahp10.1 software according to the MOOC
evaluation system we built. The objective, primary, and secondary indicators were
listed in the objective layer, criteria layer, and alternatives layer in the hierarchical
analysis model respectively. After this model was successfully constructed, a 9-point
scale expert questionnaire designed by AHP were administered to seek expert’s
judgement on model hierarchy. In this study, we distributed questionnaires to five
experts who are experienced in distance education and course design and evaluation to
determine the relative weight of each indicator affecting the quality of MOOCs.

All collected questionnaires were later imported into Yaahp10.1 software to check
the consistency of the constructed judgment matrix and automatically select the
algorithm to adjust the matrix to meet the conditions. Finally, by using the group
decision function of the software, the judgment matrix which had passed the consis-
tency tests could be carried out. The arithmetic average operation by the calculating the
aggregation of the results and the judgment weight of each indicator for the objective
layer could be obtained (Fig. 2).

Fig. 2. Weight assigned to each indicator in the AHP approach
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3.3 Emotion Detection of Learner Reviews

The primary data source is the texts of learner reviews towards MOOCs. In this study,
we examined the learner reviews of 10 MOOCs on Coursera platform, and identified a
list of key words as signifiers for positive and negative emotions towards each indi-
cator. The words that learners often used in review comments are summarized in
Table 2.

In addition to adjective words, we also paid attention to special sentence patterns in
the comments. If a positive emotional word is preceded by “would be” or “could be”,
then this sentence expresses dissatisfaction. For example, a comment “it would be great
if this course gives more exercises” indicates the course provided poor learning
activities. However, these emotional expressions cannot all be listed, the variant forms
of these words should also be taken into account when using these phrases to evaluate
the quality of MOOCs.

For each learner review comment, it can be divided into different segments which
can then be mapped to relevant indicators. We assigned “+1” if there were only positive
emotions regarding a segment, and assigned “−1” if there were only negative emotions.
If there were both positive and negative emotions, we assigned “0” to the segment.
Then, plenty of tags would gather underneath each indicator: rating “1” means learner
thinks this course is very good in this aspect, while “0” means it’s good but not good
enough to be specifically mentioned in review, and “−1” means the course still has
some defects in this aspect.

Table 2. Key words for positive and negative emotions towards each indicator

Positive emotions Negative emotions

B12.
Accessibility

Free Payment/pay/purchase/cost, not worth money

B21.
Organization

Good/great/nice/excellent/amazing/informational/
effective/easy/super/incrediable/wonderful/like/
love/awesome, highly recommended, consequent,
well designed/structured

Errors/mistakes/wrong/weak, too
hard/easy/basic/simple, very hard/easy/basic,
extremely hard/easy/basic, not good, too
repetitive, incomplete, misrepresents, terrible,
not friendly/professional, very/too slow

B22.
Support

Illustrated with pictures, excellent course
material, material is well done

Little/lack of/absence of/not give
practice/example/materials

B23. Media / Audio/recording/video not work/no sound, no
subtitles

B31.
Method

Good/clearly/well explanation, enjoy the teacher,
a nice way, remarkable/nice/great/interesting/
encourage/lively/engaging/fabulous/teacher/tutor/
instructor/professor

Not interesting/like/engaging, boring,
monotonous, bad
teacher/tutor/instructor/professor

B32.
Activities

Great/good/excellent/well
planned/practice/exercises/assignment

Without/little/few/not enough
practice/exercises/assignment, tests/quizzes too
simple/easy/hard

B41.
Knowledge
and skills

Useful/helpful/helped/beneficial/valuable, learn
something/a lot, improved

Not helpful/valuable, not learn, learn
anything/nothing
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4 Application of AHP Approach: Evaluating 3 Coursera
MOOCs

We have selected three MOOCs (i.e., Learn Chinese, Grammar and Punctuation,
Programing for Everybody) from different disciplines on Coursera platform, covering
topics in language study, social sciences, and computer science respectively.
Each MOOC has more than 1,000 review comments. The selected courses are denoted
as MOOC A, MOOC B, and MOOC C respectively. The average learner ratings for
these courses are 4.7, 4.6 and 4.8. When learners commented on a course, they also
rated it using the five-star rating method. We can see from the course ratings that the
quality of these courses is considered high with the number of high-rating comments
greatly exceeding the low-rating comments. As a result, stratified sampling was utilized
to extract a total of 303 learner comments from 1- to 5-star reviews for computing AHP
scores in this study.

Emotion detection was conducted manually for exploratory purposes in this study
on the selected learner comments. In order to diagnose MOOC design problems, we
calculated the percentage of “+1” comment segments towards each indicator and use
the percentage number as the unweighted rating score for the indicator. If there are no
corresponding comment segments under a certain indicator, the indicator score is 0. For
example, if the indicator B23-learning media has 100 related comment segments, 70%
are positive, 30% are negative, then the unweighted rating score for B23 is 70. Finally,
the weighted score can be obtained by summing each indicator score multiplied by the
assigned judgment weight, as indicated in Fig. 1.

The results of weighted scores calculated by AHP for the three MOOCs are 29.47,
22.48 and 38.16, and the detailed scores for each indicator are shown in Fig. 3. The
constitution of the AHP scores can reveal useful information regarding the short-
comings and strengths of the three MOOCs. Informed by the detailed AHP scores and
learner review contents, We diagnosed the problems of the selected MOOCs as fol-
lows: MOOC A falls short in course activities and learning media because the exercise
and test format is monotonous and the audio quality for lecture is poor. MOOC B
performs poorly in accessibility and usability and learner support, since the it requires
payment to complete the course and some support services are unavailable. MOOC C
can further improve in areas of course activities and learning media. The main prob-
lems of this course are that the learning content and tasks are not completely consistent
and subtitles are missing in the lecture videos. On the other hand, we can see that
MOOC A does well in content organization and acquisition of knowledge and skills
because of its good range of topics and content. MOOC B performs excellently in
teaching method and acquisition of knowledge and skills because the instructor
explains complex concepts in a systematic way and makes it easy to understand;
learners are satisfied about what they have learned from the course. MOOC C is doing
well in teaching method. The instructor makes this course enjoyable and uses the
appropriate methods for developing knowledge and skills for the learners.
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To verify the overall accuracy of the weighted score, we invited an associate
professor in instructional design to grade the three MOOCs and offer expert opinions.
The maximum expert grading score for each course is 100 and the minimum is 0. The
five-star learner ratings, AHP weighted scores, and expert ratings are converted to 0–1
standardized scores for comparison. As can be seen in Fig. 4, there is a general
agreement between learner ratings and AHP scores, which rated MOOC C highest and
MOOC B lowest in course quality. Interestingly, while the expert agrees on the high
quality of MOOC C, he disagrees on the ranking of MOOC A and B.

5 Discussion

5.1 Discussion for Research Question 1

The primary and secondary indicators for MOOC evaluation (Table 1) are identified,
but the evaluation criteria are still subject to interpretation during the data mining
process. The requirements for course quality are likely to change along with the needs
of the society, and thus the indicators and assigned weights might still change for

Fig. 3. Detailed scores for each indicator for the three MOOCs.

Fig. 4. Standardized scores from 3 approaches for MOOC A, B, and C
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different courses. As seen in Fig. 2, the weight of each indicator is calculated based on
expert opinions. While course content and learning outcomes are considered by the
experts to be key factors of quality assurance, MOOC learners seemed to have different
perspectives as they are mainly interested in course content rather than learning out-
comes, evidenced in more review comments directed to the content indicator.

5.2 Discussion for Research Question 2

Learners’ review comments are found to focus mostly on content organization., but
little on course overview and introduction and acquisition of learning method. This
phenomenon indicates that learners may not value those criteria despite the presumed
importance lauded by the experts. Considering the importance of learner experience in
course evaluation, we suggest deleting the two indicators that learners do not value in
order to further improve the accuracy and applicability MOOC evaluation.

From learner reviews, we also find that learners’ comments on course difficulty are
sometimes contradictory. One possible explanation for such contradiction is that
MOOC learners are quite heterogeneous with varying educational background, prior
knowledge, and motivations. According to Vygotsky’s zone of proximal development
theory, teaching will be more effective if MOOC difficulty can be adjusted for different
student groups to ensure it is slightly beyond their current level [17]. Thus, MOOC
instructors and designers should consider the levels of potential learners and divide
courses into different difficulty tracks to provide individualized learning experience
with the optimal difficulty.

5.3 Discussion for Research Question 3

Though the standard scores of three courses obtained by learner rating, AHP score and
expert rating (Fig. 3), AHP approach is in general consistent with learner rating and
expert, indicating its accuracy. The only prime difference is that expert gave higher
rating to MOOC B, in contrast to AHP score and learner rating. Take MOOC B for
example, as seen in Fig. 5, the biggest discrepancies lie in B11-course overview and
introduction, B12-accessibility and usability, B22-learner support, B23-learning
media, B32-course activities and B42-acquisition of learning method. In AHP
approach, B11-course overview and introduction and B42-acquisition of learning
method received zero rating because there are no review comments relevant to those
indicators. B12-Accessibility and usability received poor rating from learners because
MOOC requires payment to complete the course instruction. Because several course
facilitators and assistant volunteered in MOOC B, the expert gave high score to B22-
learner support. However, learners cared more about the experiences related to learner
support services. Some support services were linked to external sites and were not easy
to access. Learner dissatisfactions were mainly due to the broken links and inaccessible
applications. Regarding B23-learning media, learners commented this course had poor
visual communications and suggest adding some animations. The indicator of B32-
course activities gained a high rating from the expert because the expert thought that
activities were well designed, but learners seemed to have poor experience participating
in course exercises.
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6 Conclusion

In this study, we proposed a MOOC evaluation approach informed by AHP and
explored its accuracy, diagnostic utility, and usability with empirical evidence collected
from three Coursera MOOCs. Compared to the five-star learner rating system and
expert rating, this approach is more feasible and less costly, and still draws upon the
input from experts, learner experience, and standardized evaluation rubric. The results
of the AHP approach provide reference for learners to choose MOOCs and can also
detect the existing problems for future revision. Based on the empirical results, we
suggest MOOC instructors and designers should divide MOOCs into different tracks
with varying difficulty levels and guide learners to select the track for optimal difficulty.
In order to improve the accuracy of AHP approach, we suggest deleting two indicators
(i.e., course overview and introduction and acquisition of learning method) in the
evaluation system and recalculate the weights of the remaining indicators using AHP in
future research.

There are still some limitations in this study. Firstly, for explorative purposes, we
only selected a small portion of the comments for manual analysis in this study. In
future research, we can utilize computer programs to automatize text mining and
emotional detection processes so that more courses with complete review comments
can be analyzed for validation and comparison of the AHP scores. However, through
manual analysis of learner comments, we managed to identify a list of key words for
positive and negative emotion detection, which lays a foundation for program writing
in the future. Another limit is that there are some indicators receiving no corresponding
reviews, indicating problems of indicator selection for the AHP approach. The results
of this study can inform the future revision of the evaluation index with addition,
deletion, and modification of indicators.

Acknowledgment. This study has been supported by the self-determined research funds of
Central China Normal University from the colleges’ basic research and operation of MOE
(CCNU19TD023) and the Basic Research Funding Grant of Central China Normal University
(CCNU18QN023).

Fig. 5. Detailed scores of MOOC B generated by AHP and the expert
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Abstract. The aimof the researchwas to examine the possibilities of use offitness
tracking applications in smartphones, for students to enhance their motivation to
run, and for teachers to coach, monitor and evaluate the training process and its
outcomes. The core of the study was to design and implement a model of fitness
tracker-supported running classes. A two-year survey among university students
(n = 133) was carried out to analyse and evaluate the usability and possible
benefits of the applied blended learning methods. The number of students who
passed the assignment criteria of fitness running increased and the percentage of
drop-outs decreased in the experimental group. The results indicated enhanced
motivation of students to enroll and participate infitness running. The highest rated
formal benefit of the designed model of fitness tracker-supported running was
found in individual choice of time and place.

Keywords: Physical activity �Motivation �Education �Running �Fitness tracker

1 Introduction

Regular physical activity helps develop health-oriented physical fitness, focused on
harmonious motor development and positive motion experiencing. A current trend in
the field of leisure physical activity emphasizes sport activities that combine positive
and meaningful experiences, proving one’s own physical and mental strength, and
satisfaction of performance. A need to bring students to regular physical activity [1–5],
is a current topic under discussion not only at the Czech universities. In wider context it
is recommended [1] that college administrators, clinicians and public health education
promoters should collaborate in motivating students to offer and accept modules
relating to sustainable lifetime physical fitness and wellness for a healthy lifestyle.
Physical activity classes or course, occur in study curriculum both as compulsory and
optional subjects. However, quite a high percentage of students might not participate in
physical activity (PA) lessons, despite a wide range of various sports activities offered
within optional physical education. Such an example can be seen at the Faculty of
Informatics and Management, University of Hradec Králové (FIM UHK) in the Czech
Republic. Physical activity is included in the curriculum at FIM UHK as an optional
subject. The attendance of all the physical activity lessons (including various fitness
activities, sport games, outdoor sports and courses) is around 600 students each
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semester, which may seem quite a lot, but relatively, this figure represents only about
35% of the total number of all the students at the faculty.

When analyzing physical activity classes and their attendance at FIM UHK, it was
found out that in classes with low attendance, such as fitness running, the greatest
obstacle was in time availability of individual lessons and its time overlapping with
other subjects. This study deals with the problem of how to enhance students’ moti-
vation and participation in physical activity on the example of fitness running.
Searching for a possible solution an innovation of fitness running was suggested by
means of blended learning methods through external motivation in external resources
of technical support and feedback. Using wearables has become a modern way of
runner’s self-regulatory support [5]. Fitness trackers and fitness apps are seen as
modern wearables to technically support runners by providing quantified information
about their exercise behavior via an online data analysis platform [6]. FIM UHK has
been involved in the design and implementation of e-courses for more than twenty
years and developed an international reputation [7]. Both students and teachers are
familiar with working in virtual platforms as their daily routine at school, which
provided a friendly environment for the research.

2 Theoretical Framework

Running has been popular in recent years and participation in distance running has
grown [8, 9]. An increase in people engaged in fitness running can be seen in the Czech
Republic, in the case of Hradec Králové [10]. Running provides an opportunity for
personal development, not only in terms of physical, but also psychological and social
aspects. Runners are characterized by performance [11] in a recreational level (beginner
amateurs), a level of performance (advanced amateurs), or a top level (professionals).
Within the given categories, the student runners who participated in the research
belonged to the category of amateur runners. The subject of the research is referred to
as the physical activity (PA) subject of fitness running, or simply fitness running.
Running can be recommended as a leisure time sport activity to wide public not only
for its physical health benefits, but as a means to enhance quality of life through
positive experience [12], like other fitness activities [13]. Feelings of happiness can be
induced by experiencing the present moment [14]. Optimal experience is described in
the theory of “flow” [15].

2.1 Motivation to Run

The issue of motivation in sport has been addressed by a number of researches.
Commonly used approach to study exercise motivation is based on a self-determination
approach [16]. It is characterized by fulfilment of three basic needs: autonomy (to feel
in control of one’s behaviour), competence (to feel effective and successful in one’s
behaviour) and relatedness (to feel that one belongs to somewhere) [17]. Research into
running motivation provides different perspectives on individual motivational catego-
rization but basically they cover psychological, achievement, social and physical
concerns. The main categories of running motivations are based on MOMS
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(Motivations of Marathoners Scales) [18] and contain the following subcategories:
weight concerns and general health orientation (physical motivation), recognition and
affiliation (social motivation), competition and personal goals achievement (achieve-
ment motivation) and life meaning, self-esteem and psychological coping (psycho-
logical motivation) [18]. In the investigation of the needs of amateur runners, main
design themes were suggested in: festival, competition, practicalities, togetherness, and
support [19]. Amateur runners are often being motivated through common extrinsic
motivational factors such as health concerns or external reward system [19] e.g. a
medal for every half marathon finisher. Running USA [20] reported the most consistent
year-to-year themes in running motivators, which are examined annually in the 2017
National Runner Survey (n = 6800+). Among primary motivation to start running there
were exercise (24%) and weight concerns (14%). Among primary motivation to con-
tinue running there was staying healthy (77%), staying in shape (73%), relieving stress
(62%) and training for a race (62%). The findings indicate that each runner has his or
her individual set of motivational factors needed to start and keep practicing physical
activity regularly.

A lack of motivation can cause inconsistency. Runners often make various excuses
and drop out within a few months. In supervised running programs the rate of drop out
among beginner runners was studied and the reported percentage to quit was 50%
within 6 months [21]. The percentage is reckoned to be even higher among the
beginners of unsupervised programmes [18]. Drop out can occur more frequently in
runners who tend to be more externally motivated when they do not feel enough
external resources, such as social support or feedback on their behaviour [22]. Dif-
ferences in running motivation between online fitness community users and non-users
were studied [16]. Online fitness community users were more achievement-oriented.
Their primary focus was on self-regulatory features, whilst social features, such as
sharing on external social media platforms, were used less often. Concerning the
importance of goal achievement in students’ motivation to run, low task-oriented and
low ego-oriented students were found to be at greater risk of lower motivation and
lower performance level [4]. The findings can have an implication in physical edu-
cation teaching. The level of competitiveness in PE is likely to promote ego orientation
and the learning environments should be structured to adopt a high task orientation [4].
This can be supported by implementing a blended model in teaching physical activity
while maintaining high standards of learning process [23].

2.2 Wearables and Fitness Data Analysis Platforms

Self-monitoring is an important part of a sport training and is needed for a runner to be
able to make some progress [24]. According to National Runner Survey [20] 82% of
runners like to have and track all of their running statistics, and 65% say it helps them
train better. Recording, analyzing and monitoring of physical activity can be done via
online social networks, or the so called online fitness communities [25]. Self-
monitoring is a key element of self-regulation, especially in a short term running goal
achievement.

The wearables provide quantified information about training that can be further
visualised, analysed, summarized, saved or shared via a data analysis platform.

Use of Fitness Trackers in Fitness Running Classes 305



Wearable devices can be understood as a daily convenient device combined with
multimedia, radio, sensor and other technologies [5]. Smart technologies worn or
carried for running are represented by a smartphone, sports watch or a GPS item.
Fitness tracking apps in smartphones tend to be used more often by younger recre-
ational runners, compared to the use of sports watches [26].

Commercially available platforms have emerged that enable their users to upload
data from various brands of wearables [16]. The records of fitness trackers are based on
real-time GPS measures. There exist a wide range of free apps with different quality of
functions and features. Commonly used fitness trackers aimed at running monitoring
are for example Endomondo RunKeeper, Strava or Runtastic. During physical activity
a fitness tracker displays quantified data about distance, duration, actual and average
speed, actual and average pace, calories burnt and other. In history of records a user can
display additional data for example about altitude, ascending and descending, splits in
kilometers, basic or satellite maps. Concerning physical education, an application of
wearables can contribute to the formation of students’ profiles, from the group eval-
uation to individual evaluation, from summarized evaluation to formative education
[5]. Therefore, it has a potential to effectively promote the educational process in PE
classes.

3 Methods

3.1 The Aim

The aim of the research was to examine the possibilities of use of fitness trackers
(FT) in mobile applications, for students to enhance their motivation in running, and for
teachers to coach, monitor and evaluate the training process and its outcomes.

Fitness trackers, which belong to running activity wearables, can support the ath-
letes in physical exercise by providing detailed and quantified records of their physical
activity [6]. The core of the study was to design a model of FT-supported, teacher-
coached running classes, which would substitute the traditional running lessons. The
designed model was implemented and examined. A survey was carried out in two
consecutive academic years (four semester, September 2016–August 2018) to analyse
and evaluate the usability and possible benefits of the applied blended learning
methods.

3.2 Research Sample

The basic sample comprised 179 students of the Faculty of Informatics and Manage-
ment, University of Hradec Králové, who enrolled in the physical activity optional
subject of fitness running and started their attendance in the period of September 2016
to August 2018. The period covered two academic years, four consecutive semesters.
The students engaged in one of the following fields of study in Economics and man-
agement: Applied informatics, Information management, Financial management or
Tourism management. The participants were included based on listing in the university
electronic evidence system STAG. The research sample then included 133 participants
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(89 men and 44 women, aged 19–23) who started the attendance and fulfilled all the
assignment criteria of the subject of PA fitness running (introductory tutorial, con-
sultation with the teacher to set individual goals and methods, FT-monitored running,
weekly reports, final evaluation). Neither age nor gender differences were subject of the
research, the above mentioned data are given only for descriptive purpose. All the
participants can be simply referred to as university students. Major participant’s
characteristics were described in terms of a preceding running experience, performance
level, track preference (city/nature) and motivation. 71% of students had been running
before, with the most common frequency of once a weekly. 14% started running after
they enrolled in the subject of fitness running. Most participants preferred to run in
nature (76%). 82% of students indicated fitness running to be their most favorite sport
within the range of all the offered PA classes at Faculty of Informatics and Manage-
ment. As to the motivation for regular training, 66% were always looking forward to
running, regardless of the weather and other external conditions. 19% were driven by
the compulsory assignment to send their weekly reports to the teacher. Detailed
motivations are provided further in the results of the questionnaire survey.

3.3 Data Collection, Procedures and Analysis

Main methods of data collection were content analysis and synthesis, testing, and
inquiry. Data were proceeded by methods of both quantitative (descriptive statistics)
and qualitative (comparison, assessment) analysis.

Quantitative data were collected for both control and experimental group in terms
of fitness running attendance. The course participation and successful completion of
credit assignments in the monitored period indicated a development in student moti-
vation to engaged and continued participation between the experimental (September
2016–August 2018) and control (September 2014–August 2016) period.

An indicator of the student enhanced motivation was the development of atten-
dance in the monitored period of September 2016–August 2018, concerning the
number of students who enrolled to regular running lessons and passed the assignments
of the subject of fitness running. The mentioned period was compared to a control
period of September 2014–August 2016. The results from four semesters of traditional
face-to-face fitness running classes were compared to four semesters with a blended
learning model. The specific differences between course instructional model in the
control and experimental group were in the use of wearable fitness monitoring devices
and in the intervention of the teacher. In control group the lessons consisted of weekly
traditional group organized face-to-face running trainings outdoors in the terrain.
However, that was very demanding for the teacher as there were runners of different
fitness or performance levels and the training efficiency was low. In experimental group
the blended learning model was used, further also referred to as a model of FT-
supported (fitness trackers), individualized, teacher-coached running classes. The les-
sons included introductory tutorial (a group session in the classroom with the teacher),
individual introductory consultation with the teacher to set individual goals and
methods, students’ weekly running (individual trainings) with fitness tracker recording,
students’ sending weekly reports (email), final consultation with the teacher and final
evaluation. The suggested benefit of this model is seen in an individualized approach to
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set and adjust the goals, training plan and training times to fit individual needs of every
runner, either beginner or advanced.

For both experimental and control group there was the same coach all the time – an
experienced PE teacher who has guaranteed outdoor physical activities, namely run-
ning, at FIM UHK for more than fifteen years.

Qualitative data were collected for the experimental group to search for motiva-
tional factors among the runners using wearable fitness monitoring devices and also to
find out fitness tracker applicability. The main technique was a questionnaire, dis-
tributed to the participants personally as a part of the final evaluation of the monitored
semesters. The main categories of running motivations correspond with MOMS [18]
and contain items characterizing physical, psychological, achievement and social
motivation (see chapter 4.5).

The collected data were evaluated in quantitative analysis by means of descriptive
statistics (relative frequency) to get major characteristics. In addition, qualitative
analysis was proceeded by the teacher to deeper understanding of students’ motivation
and individualized approach in running coaching.

4 Results

4.1 Fitness Tracker Data Analysis

The starting point of the research was to select a suitable fitness tracking app. Three
teachers tested the apps of Endomondo, Runtastic, Runkeeper and Strava and agreed to
select Endomondo to be applied in the model of fitness tracker-based running classes.
The teachers defined and tested key requirements, which were best met in Endomondo.
The most useful functions and features are described as follows. The app is free and
multiplatform, thus available for any smart phone. Running data are recorded easily in
an online training diary. There are graphs analysing running speed and elevation and
altitude profile in dependence on distance or time. Figure 1 shows an analysis of a
9.7 km run of one of the participants.

Fig. 1. A screenshot of a 9.7 km run displaying pace in dependence on the distance and
elevation
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Graphs are supplemented with easily readable maps. There is a switch between
basic and satellite map (see Fig. 2), which is useful for the teacher to track if the
training was in nature or in an anthropogenic environment.

Users can paste their own pictures. Individual records can be shared easily. Teacher
checks weekly reports based on the links sent by students by email. Teacher can enter
users’ accounts as a non-registered user and browse all the students’ records. This is
considered the most important feature for the teacher to get an objective overview of
students’ trainings in terms of frequency, volume and intensity. All the trainings are
saved and easy to find in the calendar. Additional attractions for students were found
for example in the following features: to import data or to input them manually, to draw
a running course in the map, to choose as existing course, to compare personal records.
Different types of trainings can be selected: common running, setting goal-achievement
(distance, time or calories burnt), beating a time record, a 3 km run to measure the
fitness level. Endomondo can be used to measure not only running but also other sport
activities.

4.2 The Model of Fitness Tracker-Supported Fitness Running

Goals of the Designed Model

– Formal – to include the innovative blended model of fitness running as an optional
(or compulsory, in the future horizon) subject of physical activity in the study
curriculum.

– Educational – the students should acquire bases of specialized knowledge and skills
in sport training.

– Health – to develop condition motor abilities in terms of health-oriented fitness, to
support and drive the students to include regular physical activity as an important
part of both their study and leisure time.

Fig. 2. A screenshot of a 9.7 km run displaying physical activity data and a course on a satellite
map
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– Motivational – to make use of fitness trackers as a helpful technical tool for students
in getting in the habit of running regularly and consistently, to enhance positive
experiences and satisfaction.

– Diagnostic/control – to provide input, continuous and output assessment.
– Preparatory – to prepare the students to be able to set the training goals and methods

on their own and thus be able to carry on running after the end of the semester.

Content. Fitness running with the given minimal training parameters of a volume: ten
training units, duration: 60 min and frequency: once a week, with an emphasis on
regularity. Introduction to the theory and practice of sport training.

Structure. Introductory tutorial (Endomondo functions, technical training parameters,
setting personal profiles for sharing the records with the teacher, consultation with the
teacher to set individual goals and methods), fitness tracker-monitored running train-
ings, weekly sent students’ reports, final consultation with the teacher and evaluation
(meeting the goals, adjusting the training for the upcoming transitional period between
semesters, motivation to carry on running in future).

Form. A combination of a group face-to-face session in the classroom (introductory
tutorial) and individual consultations with parallel individual running trainings, which
allow all the students to fulfil the assignments choosing when and where they go
running (time and place flexibility). The final evaluation takes the form of an individual
one-to-one session.

Methods. A continuous peer-evaluation support by the teacher, using expository,
motivational, and diagnostic teaching methods, combined with a heuristic method,
based on students’ self-discovery approach to the training. The key technical element for
implementing blended methods in running is the fitness tracking app of Endomondo, a
tool used as a part of diagnostic and control process. The suggested benefit of this model
is seen namely in an individualized approach to set and adjust the goals, training plan
and training times to fit individual needs of every runner, either beginner or advanced.

4.3 Fitness Tracker Applicability

Fitness tracker applicability assessment is based on the questionnaire data collected at
the end of each semester in the monitored period as a part of final evaluation. Students
most appreciated the ability to store individual records in the calendar (90%), to
monitor the parameters such as mileage (90%) and speed (86%), and to compare their
own individual performances (82%). 63% of runners did not use GPS navigation. On
the other hand, only 11% preferred to keep the same track and course. This correlate to
the findings that the students tried to discover new terrains and places when running
(76%). This is greatly recommended by the teacher as the so called “running at ran-
dom” and this method adds a discovery value to simple running.

The highest rated formal benefit of the designed model of fitness tracker-supported
running was found in individual choice of time (98%) and place (96%). Self-paced and
partly self-managed training process enabled the runners to be independent from the
others, which may have helped to solve a major problem in low attendance in group
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face-to-face trainings. The independence is seen not only in terms of time and place
choice, but also in different goal-achievement orientation and performance level.

4.4 Development of Fitness Running Attendance

The development of students’ attendance in the optional subject of fitness running was
analyzed in four academic years of September 2014–August 2018 (eight consecutive
semesters). In the period of September 2016–August 2018 (FT-group) the use of fitness
tracking apps on smart phones was being in progress and the research was carried out to
evaluate the applicability of fitness trackers in running classes. The preceding period of
September 2014–August 2016was selected as a control period (control group) to evaluate
the effect of fitness tracker-supported classes to enhance motivation in students. The
running classes in the control period were held in a traditional form and no wearables or
other technical support were used. The indicator was the development of attendance.

There was an increase in attendance between the monitored periods. In the control
group the total of 65 students enrolled and started the attendance, out of which 38
fulfilled the assignments successfully. In the FT-group the total of 179 students enrolled
and started the attendance, out of which 133 fulfilled the assignments successfully. The
number of students who passed the subject of fitness running increased more than three
times in FT-period. Also the percentage rate of successfulness in fulfilling the credit
assignments increased, which means that fewer students dropped out. In the control
sample the drop out was 42% whilst in the FT-group the drop out was 26%.

4.5 Students’ Motivation for Running

The results provided major runners’ characteristics in the categories of physical, psy-
chological, achievement and social motivation (see Table 1). The participants were
asked to mark if the items motivated them to run, or not, or if they could not decide in
terms of perceived motivation.

Table 1. Motivation to run.

Students’ motivation to run %

Stay in shape 98
Stay healthy 90
Have fun/enjoy the activity 86
Improve state of mind/mood 84
Relieve stress/relax 82
Achieve a goal 71
Meet a personal challenge 69
Self-esteem/self-respect 66
Respect of friends/family 55
Control weight 50
Socialize with a running community 38
Compete with other runners 23
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In summary the highest percentages were found out in physical health concerns of
staying in shape and healthy, followed by psychological motivation of enjoyment,
relaxing and better mood. Weight concerns were relatively lower rated compared to
staying healthy and in shape. Competitiveness was the least influential motivator,
which corresponded to self-regulatory approach. Students preferred to compete in
beating their own individual performance, in meeting a personal challenge.

5 Discussions

Engagement in regular physical activity of college or university students and the need
to increase motivation and participation has currently been discussed. The issue has
been approached in recent studies [1–3, 27]. There is a recommendation for physical
education to be a compulsory subject or a course to help in educating students in
physical activity before their graduation, to maximize their future motivation, and, last
but not least, to prevent them from cardiovascular related diseases [1]. The aim of
physical education is above all to develop motor abilities, to acquire motor skills and
stereotypes that can be transferred, brought to life and continued after the studies. If
students get used to practice some sport regularly during their university studies, they
are more likely to be consistent with it even after they graduate.

The authors of this study agree that compulsory physical activity can be a solution.
However, as supported by the results, with optimal motivation, physical activity in
university education may work and have an effect on health despite being “just” an
optional, not compulsory, subject of the study curriculum. Thi was shown in the
technical motivation applied in this research in the case of fitness running. The problem
of motivation tor regular physical activity is not only to start, but especially to carry on
in a long-term horizon [3, 21]. Concerning the use of fitness trackers to support
beginner runners, a key condition is a regular and systematic repetition of the physical
activity despite the possible resistance of the body. Usual phases in beginners are an
initial excitement accompanied by a quite fast minor progress, especially if the person
had not been running before, followed by resistance and discomfort. In the latter phase
the role of the teacher is very important to support the students and help them to
overcome the feelings of discomfort, uneasiness and doubts. With regularly repeated
running trainings, the discomfort usually changes in positive perception of the
movement and physical load, and over time can emerge to a desirable phase when the
runner is driven by an intrinsic need of body (and mind). This phase should be a goal of
physical education process not only at universities. If a regular physical activity
becomes a common part of students’ lifestyle, external motivation, such as the reward
system of credits or grades, may not be needed anymore. The above-mentioned
importance of the role of a teacher in physical activities is supported by the research of
supervised participation in physical activities, examining determinants relating to
adoption and maintenance of physical activity [21]. Supervised running programs had
fewer drop-outs [18]. Similarly, there were fewer drop-outs in the fitness tracker-based,
running classes.

Hand in hand with motivations like keeping in shape, health concerns, having fun,
relieving stress and relaxing, technical motivation based on fitness tracking seems to be
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an efficient means to increase students’ interest and participation in physical activity
classes. Use of innovative means is recommended in physical education [2]. Hybrid or
blended approach, using the benefits of online instruction in combination with face-to-
face interaction, seems to be a convenient approach not only in classroom teaching, but
also in physical activity [23]. Fitness trackers are seen to be a helpful tool in getting in
the habit of a regular exercising. However, it is also recommended not to rely on the
technology too much because an intense focus on data, their quantification and
statistics can move the runner away from the experience of running as such [24]. In
self-monitoring, the runners can make use of the benefits of getting fitness tracking
objective data on one hand, whilst listening to their body on the other hand.

6 Conclusion

Regular physical activity is recommended to be included in study curriculum as a
compensatory tool to develop health-oriented fitness and to support healthy lifestyle in
practice. The core of the research is an innovated model of the subject of fitness
running, which has been in progress at the Faculty of Informatics and Management,
University of Hradec Králové, Czech Republic, for four semesters. The designed
blended model uses a combination of fitness tracking apps support and individualized
teacher-coached running classes. Since the implementation 179 students have enrolled
fitness running and 133 passed the assignments.

The number of students who enrolled and passed increased three times and at the
same time the rate of drop-outs decreased from 42% to 26%, compared to the control
group. The results indicated that the use of fitness tracking apps and data analysis
platform enhanced motivation in students to run. A key condition for an efficient
implementation of wearables in running classes is the role of a teacher who should help
to set goals and methods of their achievement, and to coach, monitor and evaluate the
training process and its outcomes.

From the point of view of fitness tracker applicability in training analysis, students
most appreciated the ability to store individual records in the calendar, to monitor the
parameters such as mileage and speed, and to compare their own individual perfor-
mances. Self-paced and partly self-managed training process enabled the runners to be
independent from the others, which may have helped to solve a major problem in low
attendance in group-organized face-to-face training sessions. The independence is seen
not only in terms of a time and place choice, but also because in different goal-
achievement orientation and performance level. In the case of fitness running, technical
motivation with fitness tracking seems to be an efficient means to increase students’
interest and participation in physical activity classes.
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Abstract. In order to study the students’ acceptance of educational games in
the stage of compulsory education, and to understand the relevant factors that
affect their acceptance, the study used self-educated educational games tech-
nology acceptance questionnaires as the main tool and surveyed 16,757 students
in the compulsory education period from the first to the ninth grade. The results
show that students generally have a higher acceptance of the educational games.
This acceptance is affected by many factors, including grade level, family
location, parental education, time of parents’ accompanying, academic level,
and related technical experience all have impact on students’ technical accep-
tance. However, regression analysis found that students’ acceptance is not
enough to predict whether they would actually use educational games, for
parents and teachers may play a greater role in it. However, the technical
acceptance of students can still be used to predict the effectiveness of use of
educational games. In order to understand the rules and mechanism of educa-
tional games, researchers should consider the situation of students, parents and
teachers comprehensively.

Keywords: Educational games � Students in the stage of compulsory education �
Technology acceptance

1 Introduction

Educational games have received much attention in recent years and are thought to
bring change and innovation to education. By using educational games for teaching
activities, it is possible to stimulate learning motivations, improve creativity, and
promote students to develop positive emotional attitudes (Shang et al. 2014). There
have been many academic studies to prove its effectiveness, but the successful appli-
cation of them is still mainly concentrated in the fields of business, health and special
education, except for basic education. Among them are the reasons for the cautious
attitude towards new technologies in the field of basic education, and the lack of
acceptance and cooperation of the users.
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Since the introduction of the Technology Acceptance Model (TAM) (Davis 1989),
user acceptance of information technology has been used to predict the application
prospects of the technology. As an emerging educational technology, educational
games are no exception. Teachers and students are the main users in the implemen-
tation of educational technology, and the process of technology acceptance has always
been a concern of researchers. However, in the research related to educational games,
the acceptance of teachers is relatively more important, and there are fewer studies on
the acceptance of students. This is not in line with the trend of student-centered reform
in contemporary education, and it is also possible to cause the related technologies
failing to perform as they were expected. This problem has been changed in recent
years, and the researchers have begun to pay attention to the role of students’ attitude
factors in the application of educational games. Empirical studies have confirmed that
students’ acceptance of educational games would affect the application (Çankaya and
Karamete 2009). Meanwhile, in application with high students’ acceptance, such as
learning disabilities and health behavior modification, the success rate of educational
games is also significantly higher (Marino et al. 2013). Recognizing that students’
acceptance is closely related to the effectiveness of educational games, some
researchers have recently suggested acceptance should be treated as a direct indicator of
the actual effectiveness of educational games (Malaquias et al. 2018).

However, the results of these post-tests can’t predict whether students will actually
use educational games to learn. If we can obtain the acceptance characteristics of
students before applying and take appropriate intervention, or choose the right types of
educational games, we can improve the success rate and stability of the technology.
This stability is especially important in basic education. It is necessary to quantify the
student’s technical acceptance. To achieve this, we must not only understand the
current status of students’ acceptance of educational games, but also analyze the rel-
evant factors that influence the acceptance. At the same time, due to the large number
of primary and middle school students in China, the degree of internal consistency is
difficult to guarantee, and a large number of samples are needed as the basis for data
analysis to obtain more reliable conclusions. To this end, this research conducted a
large-scale sampling survey of students in compulsory education in China, and tried to
understand students’ acceptance of educational games, analyzed the relevant factors
affecting technology acceptance process.

2 Research Design

2.1 Research Tools

Before survey, we revised the questionnaire according to our trial test which more than
one thousand students from grades 3rd to 9th were participated. A set of Likert scale(7-
point)questionnaires containing 13 items was compiled. The questionnaire has good
reliability and validity indicators, which are divided into three factors: “usefulness
cognition”, “use and recommendation tendency” and “others’ objection”. The three-
factor aggregation validity AVE index was 0.634, 0.770 and 0.518. The discriminant
validity CR index was 0.896, 0.909, 0.842, and the internal consistency coefficient
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Cronbach a coefficients were 0.894, 0.883, 0.832, and the overall Cronbach a coeffi-
cient was 0.889. In addition, a subscale is added to the actual questionnaire distribution
to reflect the students’ negative evaluation of the quality of educational games. The
subscale consists of three 7-point options with a Cronbach alpha coefficient of 0.756.

The questionnaire is suitable for measuring the students’ acceptance of educational
games. In order to explore the various factors affecting students’ acceptance tendency
furtherly, besides adding to collect the demographic variables, other items related to the
use educational games are supplemented. For example, the experience of other tech-
nologies, including video games and learning platforms, personal academic perfor-
mance, etc.

2.2 Research Participants

Although the questionnaire is mainly for students in grades 3rd–9th, the item’s
description is relatively simple and can be used for students in lower grades. The
students in 2nd grade can complete independently. Most of the 1st year students can also
read and answer independently. Random sampling is conducted nationwide by sur-
veying on several educational web platform and delivering the electronic questionnaire
that is generated by one open survey tool in different ways. The sampling time is
continuous two months in 2018.

A total of 17,309 samples were collected from the system. We deleted the invalid
questionnaires which are answered in a too short time, including invalid or contra-
dictory content or with extreme score and incomplete information. A total of 16,757
valid samples from grades 1st–9th were obtained. The efficiency is 96.8%. Data pro-
cessing is implemented by using the SPSS software package.

3 Data Analysis

3.1 Students’ Acceptance and Tendency to Use of Educational Games Is
Relatively High

The standardized questionnaire has four subscales, which respectively reflect the
cognition of advantages of educational games (5.215 ± 1.398), the actual tendency to
use (4.525 ± 1.424), the negative opinions or use resistance (3.932 ± 1.414) from
teachers and parents, and the negative evaluation of the quality of the educational
games (3.413 ± 1.493). Overall, students in the compulsory education stage have
higher recognition of the advantages of educational games, and fewer negative
evaluations.

3.2 The Relationship Between the Demographic Variables of Students
and Their Acceptance

Gender differences are common influencing factors in various measurements, but in
this survey, gender differences are reflected between tendency to use and negative
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evaluation. Boys are more inclined to use educational games than girls. At the same
time, boys are more critical about the quality of educational games and have more
negative reviews. However, the difference is small, and the Cohen’d index is 0.1 and
0.06. It indicated that the gender difference has an impact, but not significant.

Whether the one-child has a significant impact on the growth environment, but the
impact of this factor in the survey is very small, too. The difference is in the resistance
of students to use, and this resistance is mainly from parents. In the survey of parents
which is conducted in the same period, whether the one-child is a factor that signifi-
cantly affects the attitude of the parents (Table 1).

Although gender and whether or not the one-child has little effect separately, there
was a significant interaction between the two dependent variables of cognition of
advantages and tendency to use (F = 7.837, p < 0.001). The simple effect test found
that in the recognition of advantages, the boys’ of the one-child family score
(5.298 ± 1.419) was significantly higher than the not only child family
(5.200 ± 1.425), also significantly higher than the one-child (5.170 ± 1.404). The
girls’ is not much different between One-child and not only child family. In terms of
tendency to use, the boys’ in the One-child family was significantly greater than that of
not only children (4.672 ± 1.443, 4.595 ± 1.475), while girls were just the opposite
(4.398 ± 1.407, 4.475 ± 1.386).

In contrast, the two highly relevant factors of age and grade (r = 0.83) have a
greater impact. Students’ scores showed significant differences in the three scoring
dimensions of recognition of advantages, tendency to use, and negative evaluation.
However, there is no linear relationship between age or grade factors and students’
scores. The correlation coefficient between age or grade and each dimension score is
less than 0.1. The reason is that the acceptance of students is greatly improved by the
5th grade, but it will fall back along the grades’ increasing to the 9th grade. Therefore,
along with the age or grade increases, students’ acceptance of educational games
generally shows an inverted U-shaped curve (Tables 2 and 3).

Table 1. Gender difference

Gender
(N = 16757)

Recognition of
advantages
M ± SD

Tendency to
use
M ± SD

Use resistance
M ± SD

Negative evaluation
M ± SD

Boys (6919) 5.225 ± 1.424 4.615 ± 1.467 3.926 ± 1.456 3.462 ± 1.556
Girls (9838) 5.208 ± 1.379 4.463 ± 1.390 3.936 ± 1.383 3.379 ± 1.447
Significant
difference (t)

0.770 6.764*** 0.450 3.483**

Note: **p < 0.01, ***p < 0.001.
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Most students reported their parents’ academic qualifications. The Spearman cor-
relation coefficient of the two (father’s academic qualification and mother’s academic
qualification) was as high as 0.723, indicating that the parents’ education backgrounds
in many families were possible at the same level.

However, the impact of these items on the acceptance of educational games is also
lacking in a linear relationship. The correlation coefficient between the parental

Table 2. Grade differences

Grade
(N = 16757)

Recognition of
advantages
M ± SD

Tendency to use
M ± SD

Use resistance
M ± SD

Negative
evaluation
M ± SD

Grade 1 (1363) 5.070 ± 1.399 4.498 ± 1.264 3.900 ± 1.211 3.531 ± 1.229
Grade 2 (1369) 4.938 ± 1.505 4.332 ± 1.426 3.959 ± 1.324 3.479 ± 1.345
Grade 3 (2069) 5.029 ± 1.484 4.460 ± 1.438 3.901 ± 1.414 3.434 ± 1.520
Grade 4 (3172) 5.141 ± 1.481 4.487 ± 1.507 3.913 ± 1.453 3.313 ± 1.571
Grade 5 (3722) 5.279 ± 1.404 4.613 ± 1.465 3.943 ± 1.498 3.315 ± 1.551
Grade 6 (2774) 5.417 ± 1.274 4.602 ± 1.404 3.970 ± 1.464 3.428 ± 1.474
Grade 7 (1089) 5.405 ± 1.233 4.564 ± 1.337 3.934 ± 1.366 3.519 ± 1.383
Grade 8 (923) 5.413 ± 1.123 4.567 ± 1.308 3.946 ± 1.308 3.591 ± 1.377
Grade 9 (276) 5.240 ± 1.189 4.313 ± 1.281 3.778 ± 1.177 3.664 ± 1.493
Significance test
(F)

27.703*** 7.798*** 1.002 8.591***

Note***p < 0.001.

Table 3. Age differences

Age (N = 16757) Recognition of
advantages
M ± SD

Tendency to use
M ± SD

Use resistance
M ± SD

Negative
evaluation
M ± SD

6–7 years old
(933)

4.932 ± 1.442 4.437 ± 1.280 3.980 ± 1.167 3.583 ± 1.214

8–9 years old
(2363)

5.012 ± 1.442 4.414 ± 1.351 3.923 ± 1.294 3.492 ± 1.332

10–11 years old
(5155)

5.136 ± 1.484 4.473 ± 1.476 3.939 ± 1.434 3.312 ± 1.533

12–13 years old
(5911)

5.337 ± 1.472 4.616 ± 1.463 3.941 ± 1.491 3.377 ± 1.573

14–15 years old
(2053)

5.400 ± 1.365 4.565 ± 1.330 3.896 ± 1.386 3.558 ± 1.442

16–17 years old
(291)

5.383 ± 1.187 4.465 ± 1.236 3.862 ± 1.264 3.471 ± 1.386

Significance test
(F)

38.346*** 10.242*** 0.72 15.511***

Note: ***p < 0.001.
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education backgrounds and each dimension is below 0.05. However, the parental
education backgrounds still have a significant impact on the acceptance score. From the
distribution of the mean scores, there is also an inverted U-shaped relationship.

Students whose parents have low education have low acceptance of educational
games. Students with highly educated parents are more cautious about the advantages
of the educational games, and the attitude is more open and willing to try. Among
them, the students who have parents with postgraduate education showed low recog-
nition and high resistance, but the tendency to use is high.

The location of the student’s family reflects the differences in the macro social
environment. This factor has a general impact on the students’ scores, and there are
significant different among the four dimensions (Table 4).

We found that students’ recognition of advantages of educational games in rural is
lower than that in county towns and prefecture-level cities. The use resistance is greater
than that in provincial capital cities. The negative evaluation is also significantly higher
than that of prefecture-level cities and county towns. However, students’ tendency to
use in rural area is more than the students in provincial capitals and prefecture-level
city.

3.3 The Influence of Various Behavioral Characteristics of Students
and Their Family Members on Acceptance

There are also links between the various behavioral characteristics of students and their
family members and their attitudes. We surveyed some related things that may affect
the acceptance of educational games. The survey divided the time of parents’ daily
accompanying into four levels, and found that there were significant differences in the
acceptance scores of students with different time of parental companion (Table 5).

Table 4. Impact of student family location

Family location
(N = 16757)

Recognition of
advantages
M ± SD

Tendency to
use
M ± SD

Use resistance
M ± SD

Negative
evaluation
M ± SD

Provincial capital
(1402)

5.063 ± 1.565 4.462 ± 1.566 3.686 ± 1.497 3.410 ± 1.541

Prefecture-level city
(1610)

5.262 ± 1.428 4.462 ± 1.375 3.878 ± 1.346 3.376 ± 1.444

County town (3668) 5.302 ± 1.374 4.524 ± 1.431 3.872 ± 1.409 3.345 ± 1.476
Country (10077) 5.197 ± 1.375 4.545 ± 1.408 3.997 ± 1.409 3.444 ± 1.500
Significance test (F) 11.460*** 2.631* 24.246*** 4.303**

Note: *p < 0.05, **p < 0.01, ***p < 0.001。
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The survey also allowed the students to evaluate their academic achievement by
themselves. The items designed ask the students to compare with their own classmates,
and then assess the level of academic achievement. The levels is divided into four,
including excellent/fine/common and poor. This data does not necessarily reflect the
student’s objective performance level, but reflects their satisfaction and sense of
accomplishment in their own learning behaviors. The results showed that it has a
significant impact on the acceptance of educational games.

Overall, students with better self-assessment are more open-minded and more
inclined to use educational games. Post-mortem examinations found that students with
good academic performance had higher score than common and poor students in
recognition of advantages. Their tendency to use was higher than students who were
poor. In terms of resistance, students who are unsatisfied about their own learning
performance are significantly higher than students with high self-efficacy. The worse
the self-assessment of the achievement, the more negative evaluations. The differences
between the different levels are significant.

Experience in applying technology platforms has been an important predictor of
technology acceptance (Legris et al. 2003). In the trial test, we found that most students
are accustomed to accessing to the internet on mobile devices, and with 65.7% of
students tending to use software products on mobile devices. It seems that the
acceptance of mobile devices play an important indicator for predicting the acceptance
of educational games. Two indicators used in this questionnaire reflect this tendency:
whether you are accustomed to using mobile phones, tablets or other mobile terminals,
and whether you are accustomed to using applications. It was found that students who
are accustomed to using mobile devices have higher acceptance and tendency to use in
educational games, and also less resistance and negative evaluation. Students who are
accustomed to using mobile applications also exhibit similar characteristics.

3.4 Logistic Regression Analysis for Predicting the Use of Educational
Games for Students

Predicting whether students will use educational games is also an important goal of
research. To this end, an open question was set in the questionnaire to ask if the

Table 5. Differences in time of parents’ companying

Time of parents’
companying, (N = 16757)

Recognition of
advantages
M ± SD

Tendency to
use
M ± SD

Use resistance
M ± SD

Negative
evaluation
M ± SD

Less than 1 h (3549) 5.132 ± 1.438 4.440 ± 1.452 4.056 ± 1.325 3.945 ± 1.379
1–2 h (2548) 5.201 ± 1.323 4.508 ± 1.311 3.991 ± 1.314 3.918 ± 1.272
2–3 h (1936) 5.207 ± 1.330 4.526 ± 1.342 3.913 ± 1.407 3.998 ± 1.325
3 h + (8694) 5.254 ± 1.415 4.567 ± 1.458 3.864 ± 1.544 3.917 ± 1.483
Significance test (F) 6.530*** 6.924*** 1.926 17.618***

Note: ***p < 0.001.
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students actually used the educational games and whether it was rewarding. Manual
analysis of the qualitative content of the answer confirms whether it is actually used
educational games or not. In the end, a total of 11028 samples were identified, and
other samples could not confirm. Among them, 4,204 students explicitly reported that
they have used or are using educational games. These students have significant dif-
ferences in the acceptance and evaluation of educational games to other students. They
have higher recognition and using tendency, including recommendation tendency, less
resistance to use, and lower negative evaluation. In addition, there is a high biserial
correlation between the three criteria, including cognition of advantage, tendency to use
and negative evaluation and the actually usage. It may be an effective predictor
(Table 6).

Other demographic variables and behavioral variables have basically no significant
linear relationship with whether or not used educational games before. Age and grade
factors are more significantly relate correlation to predict to use. These two variables
have high homogeneity correlation. In order to avoid collinearity, the grade that can
better reflect the changes of physiological and social environment is selected. The grade
and the scores from the three subscales, including cognition of advantages, tendency to
use and negative evaluation, were treated as an independent variable for logistic
regression analysis to explore the predictive ability of the questionnaire to the use
educational games actually. It was found that the logistic regression model consisting
of four independent variables has a minimum tolerance of 0.713 and a maximum VIF
of 1.402, which is within the acceptable range, but the Condition Index is up to 13.159,
indicating that there is still a certain multiple collinearity. The main problem is that the
tendency to use and cognition of advantages have a high correlation. To solve this
problem, the collinearity can be reduced to an acceptable range by stepwise regression
and by choosing to eliminate the cognition of advantages factor. The process is as
follows (Table 7):

Table 6. The differences between whether to use educational games or not

(N = 11003) Recognition of
advantages
M ± SD

Tendency to
use
M ± SD

Use resistance
M ± SD

Negative
evaluation
M ± SD

Y (4201) 5.362 ± 1.357 4.700 ± 1.399 3.788 ± 1.456 3.215 ± 1.556
N (6802) 4.931 ± 1.420 4.232 ± 1.379 3.959 ± 1.383 3.607 ± 1.447
Significant difference
(t value)

15.909*** 17.171*** 6.304*** 13.972***

Quadratic correlation
coefficient

0.190*** 0.206*** −0.080* −0.171***

Note: *p < 0.05, ***p < 0.001.

A Study on Acceptance of Educational Games for the Students 323



After adding the cognition of advantages variable, the coefficient of the tendency to
use changes greatly, and there may be high collinearity between the two. Therefore,
using model 3 and testing, the highest condition index is less than 10, and the collinear
feature no longer appears. However, the Cox & Snell R and Nagelkerke R values of the
model were 0.07 and 0.10. The Hosmer and Lemeshow test results were not satis-
factory, p < 0.05. The degree of acceptance and students’ grade can explain whether
students have tendency to use or not partly, but it is of little significance in predicting
their use in the actual environment. Acceptance should mainly be used to predict the
degree of cooperation and efficiency when their teachers are using educational games.

4 Discussion

4.1 Students’ Acceptance of Educational Games and Important Factors

The survey found that students accepted educational games generally. Relative to
parents, most students tend to be positive about the function of educational games, and
the proportion of willing to try is higher. It is found that many demographic variables
and behavioral variables have an impact on the acceptance of students, and the ways
are more complicated. A significant difference test on the four dimensions shows that
few variables have a linear effect, but often appear as an inverted U-shaped trend. This
data feature makes most variables not significantly related to the student’s acceptance
score, but in fact the differences between students with different characteristics are very
significant, and there may be interaction between the factors.

Most of these influencing factors are related to the students’ growth environment,
especially the family-society environment, and the physiological-related variables are
not significant. For example, although the impact of gender differences is significant, it

Table 7. Whether to use the logistic regression model of educational games

Model B SE Wald Significant OR

Model 1 Grade −.173 .010 291.089 .000 .841
Constant .228 .045 25.066 .000 1.256

Model 2 Grade −.180 .010 305.281 .000 1.293
Tendency to use .257 .015 297.823 .000 .835
Constant −.890 .079 125.747 .000 .411

Model 3 Grade −.180 .010 299.096 .000 1.288
Tendency to use .253 .015 285.610 .000 .825
Negative comment −.193 .014 177.450 .000 .835
Constant −.214 .094 5.156 .023 .808

Model 4 Grade −.187 .010 317.930 .000 1.144
Recognition of the advantages .134 .017 59.162 .000 1.203
Tendency to use .185 .017 114.614 .000 .839
Negative evaluation −.175 .015 143.931 .000 .829
Constant −.631 .110 33.151 .000 .532
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is extremely weak, and the environmental and cultural factors such as family location
and parental education are relatively significant, similar to some similar surveys in the
past (Cheung and Lee 2011). The age and grade factors seem to be related to physi-
ological maturity, but the data does not show a clear linear relationship. For elementary
school students, the acceptance degree has increased obviously from the age of 10, and
then maintained at a stable level. This is likely to be the result of qualitative changes in
the learning environment, technical reserves and technical acceptance of students at this
stage, as well as the learning autonomy. This factor also plays an important role in the
subsequent logistic regression model because of the large variation.

In general, the behavioral of the students themselves and their parents have a more
important distinction. The survey showed that time of parents’ daily companying,
academic self-assessment and student’s pre-technical (mobile devices use) have high
predictive value for students to accept educational games, which are consistent with the
results of previous similar studies (Martins and Kellermanns 2004). It is suggested that
we should pay more attention to individual behavior characteristics, family parenting
style, and socialized living environment when predicting students’ using tendency. At
the same time, teachers also play an important role in this process. A recent meta-
analysis study found that educational games are not independent variables for students’
learning outcomes, but a mediate between teacher teaching and student learning out-
comes (Lamb et al. 2018). Therefore, to fully understand the process of educational
games, it is necessary to comprehensively analyze students, parents and teachers.

4.2 The Predicted Value of Students’ Acceptance of Educational Game
Technology

The classical Technology Acceptance Model believes that the technical acceptance of
an object can predict whether it will use the technology, and the explanatory power is
usually around 30% or even higher. In a similar survey of college students, the results
are basically consistent with the assumptions of the Technology Acceptance Model
(Al-Adwan et al. 2013; Park 2009). However, This survey showed that although stu-
dents’ subjective attitudes and other factors have certain predictive effects on whether
to use educational games, they can only explain about 10% of the overall variation.
According to the analysis of the survey of teachers and parents conducted in the same
period, both of them have higher explanatory powers for the actual use of educational
games. Therefore, the factors that influence whether students actually use educational
games or not may depend on the attitudes of parents and teachers. To confirm this, it is
also necessary to combine the data of students, parents and teachers.

Although the degree of acceptance of students does not predict whether or not they
actually use educational games, this measurement still has other value. The degree of
technical acceptance can be used to predict whether the use of technology will achieve
goals or not. Studies have repeatedly confirmed that the degree of acceptance and
cooperation of students in educational games is a key factor in predicting their use
(Bourgonjon et al. 2010). This kind of acceptance affects the degree of student par-
ticipation and subjective pleasure, which in turn affects the cooperation of students with
teaching activities, thus affecting the implementation effect of educational games. In
areas where students’ strong demand, recognition and acceptance are high, it has
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always a high success rate. For example, educational games are used to counsel stu-
dents with dyslexia (Franceschini et al. 2013). Therefore, before applying educational
games in teaching, students should be surveyed in advance to know the technical
acceptance level, and cognitive intervention should be carried out for students with
lower acceptance to enhance their understanding of the advantages of educational
games to ensure the effective. The survey also found that most students who were used
to use educational games have a higher evaluation and a willingness to continue using
them. Therefore, it is helpful to try to improve the acceptance of students by using the
related platforms in advance and trying out educational games that are easy to use.

In the future, we should also investigate the technical acceptance and other relevant
situations of parents and teachers, and compare the effects of the three with the actual
implementation of educational games. That would be helpful for us to fully understand
how to effectively apply educational games in the instruction system.
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Abstract. It’s up to students themselves whether to engage in learning or not no
matter in what kind of learning model. Blended learning has higher requirements
on effectively selecting and processsing information, due to the application of
multiple media and methods. While Multitasking capacity and information
handling capacity of human brain is limited. Three important mechanisms–at-
tention, emotion and motivation – contribute to the prioritization and selection of
information. Therefore, how to improve attention, positive emotion and moti-
vation is of vital importance. Attentional control ability decides attention level
and emotional intelligence decides emotional state. This study investigated the
attentional control ability level, motivation level and emotional intelligence of
1860 primary school pupils in China and relationship among them. The result
found that: there’s significant differences among different groups in motivation,
emotional intelligence and attentional control ability and significant relationship
was found among them. This research facilitates us to have a deeper under-
standing of factors that influence students’ cognition process and help to provide
better learning experience in blended learning.

Keywords: Chinese student � Motivation and engagement �
Attentional control ability � Emotional intelligence

1 Introduction

Learning has experienced different forms in different times. For example, imitation in
primitive society, class teaching in the printing era, distance education in the electronic
communication era, blended learning and personalized learning in the digital era.
Whatever imprints of learning methods and learning concepts induce by the times, the
personalized characteristics of the learners themselves never change. Although we have
entered the industrial 4.0 era characterized by intelligence, we still retain the collective
teaching with the feature of large-scale industrial age, but our understanding of learning
has changed from black-box theory of brain to in-depth understanding of human brain
mechanism, and plenty of scientific empirical researches have been done on the
influencing factors of learning. For example, John Hattie took 15 years to make a
comprehensive meta-analysis of more than 800 meta-analysis of 52,637 studies and
hundreds of millions of students. 138 factors affecting academic achievement were
extracted. The greatest influencing factor among the six major influencing factors are
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family, students, schools, teachers, teaching and curriculum. As Hattie said in the
conclusion, “ultimately it is the students themselves, not the teachers, who decide what
to learn.” (Hattie 2015) Neuroscience has proved that there is no exactly the same brain
in the world. Although everyone’s basic brain structures are the same, the sizes of brain
structure are different, and the organization and intensity of cell connections are also
different. Therefore, we should pay attention to the individual characteristics of stu-
dents no matter in traditional learning or in blended learning.

Whether in the classroom or home, students tend to be distracted when confronted
with interfering information, especially in such smart phone prevailing society. And the
ability of the brain to process information is limited (Klingberg 2011), which makes it
very important for our brain to decide which to select and which to ignore. Attention,
emotion and motivation are three systems that serve as important roles in prioritizing
and selecting information, and interact with each other (Raymond 2009). Attention is
decided by attentional control ability and emotional state directly influenced by
emotional intelligence. Therefore, how to improve the level of attentional control
ability, emotional intelligence and motivation is of critical significance. The level
and interaction of all above three simultaneously influence students’ attitude and
behavior to learn, affect whether students focus on the right information. The main
purpose of this study is to find out the existing level and relationship of attentional
control ability, emotional intelligence and motivation level among Chinese primary
school pupils.

2 Literature Review

2.1 Attention and Attentional Control Ability

From the perspective of the brain mechanism of attention, attention system involves
three networks: (1) alert network, which keeps us awake and conscious; (2) orientated
network, which prioritizes input sensory information; (3) The executive network, used
to detect the target, selectively pay attention, and to hold the attention undisturbed
(Petersen and Posner 2012).

Attentional Control Ability is the ability of individuals to choose what to pay
attention on and what to ignore, that is, to achieve the directing, concentrating,
switching, allocating and continuous controlling of attention. Attention control can be
regarded as the control of two modes of attention: bottom-up stimulus-driven mode and
top-down goal orientation mode. In recent years, the neural mechanisms of these two
modes have also been experimentally confirmed (Katsuki and Constantinidis 2014).
The prefrontal lobe mainly controls the top-down attention mode and achieves attention
orientation according to previous experience, plans and goals. Bottom-up process is
also affected by prefrontal lobe. Dorsolateral prefrontal lobe, sub parietal cortex and
temporal epithelium are also involved in attention regulation (Müller and Kleinschmidt
2003).
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2.2 Emotion and Emotional Intelligence

Emotion is the subjective experience of the human brain in processing the information.
Emotion affects attention (Vuilleumier 2005), learning and memory (Um et al. 2012),
reasoning (Jung et al. 2014) and problem solving (Isen et al. 1987).

Emotional Intelligence (EI) is the ability of individuals to recognize their own and
other people’s emotions, and to use, manage and adjust their emotions to adapt to the
environment or achieve goals. As early as in the 20th century, Thorndike divided
intelligence into abstract intelligence (the ability to understand ideas), mechanism
intelligence (the ability to understand different mechanisms and abstract things), social
intelligence (the ability of human self-management and to behave appropriately in
interpersonal relationships), in which social intelligence is similar to emotional intel-
ligence. At present, it is generally believed that emotional intelligence is a combination
of cognitive factors and non-intellectual factors. Daniel Goleman put forward in his
book Emotional Intelligence that emotional intelligence includes: self-awareness and
evaluation of self-emotion; social awareness, understanding of other people’s emotion;
self-management, proper management of self-emotion; relationship management,
influence on others and interpersonal relationships (Goleman 2001).

2.3 Learning Motivation

There are various motivation theories. At the beginning of the 21st century, Martin put
forward Motivation and Engagement Wheel, which synthesized various motivation
theories. In his theory, motivation is the force that promotes students’ learning behavior,
and engagement is the behavioral expression of students’ learning motivation. Positive
motivation and engagement can promote students’ drive to learn, while negative moti-
vation and engagement harness their drive to learn. Ideas, feelings and behaviors that
enhance motivation and engagement are called Positive motivation and engagement
factors. Ideas, feelings and behaviors that reducemotivation and engagement are negative
motivation and engagement factors. In order to improve students’motivation and sense of
engagement, it is necessary to increase positive factors, and reduce negative factors.

2.4 Research Hypothesis and Research Model

Attention, emotion and motivation are closely related. Attention select external stim-
ulus and decides whether to enter the working memory system or the conscious system.
Motivation and emotion determine the choice and orientation of attention (Raymond
2009). The emotional system generates motivation. At the same time, motivation
appears in the mode of emotion, attitude and will. From the perspective of brain
mechanism, anterior cingulate gyrus has many connections with the visual processing
area of the brain, and coordinates emotional, motivational and attention processes. In
addition, the orbitofrontal cortex plays an important role in emotional value judgment.
It interacts with the visual cortex and acts as a mediator in the visual cortex and motor
system. The amygdala sends signals to the visual cortex and receives signals from the
orbitofrontal cortex, including the orbitofrontal cortex. The processing of emotional
signals is coordinated by attention.
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Correspondingly, we assume that attention control, emotional intelligence and
motivation also interact. From neuroscience perspective, as we can see from Fig. 1,
part of the external stimulus signal directly reaches the sensory cortex and part enters
the reticular structure of the brainstem to activate and arouse emotion and attention.
When it reaches the sensory cortex, the prefrontal cortex is involved in attention
regulation and emotional processing regulation. The anterior cingulate cortex is
involved in both emotional processing regulation and attention regulation. The
amygdala, thalamus, hypothalamus and hippocampus in the limbic system are inter-
related and participate in emotional processing and recognition. The striatum receives
dopamine signals about reward, judges reward and activates motivation. It can be seen
that motivation, attention and emotion are interrelated in the neurological mechanism,
while attention control ability, emotional intelligence and motivation system are stable
mechanisms formed by multiple strengthening of their respective production mecha-
nisms, so they also have mutual relations. Motivation helps individuals to adjust their
attention actively, control their attention level independently. Emotional intelligence,
emotional recognition and regulation, is the basis of ensuring the maintenance of
attention and motivation level. The level of motivation and attention control affects the
generation of emotions, or requires the promotion of emotional intelligence.

Attentional control ability and emotional intelligence are relatively trait feature,
consequently, we propose the following hypotheses:

H1: There’s a significant positive correlation between attention control ability and
emotion intelligence;

Fig. 1. Research model
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H2: Attention control ability has a significant impact on motivation;
H2.1: Attention control ability has a significant positive impact on positive moti-
vation and engagement;
H2.2: Attention control ability has a negative impact on negative motivation and
engagement;
H3: Emotion intelligence has a significant impact on motivation;
H3.1: Emotion intelligence has a significant positive impact on positive motivation
and engagement;
H3.2: Emotion intelligence has a significant negative impact on negative motivation
and engagement; Research method.

2.5 Data Collection

Using multistage cluster sampling method, we selected two primary schools in Beijing,
China to conduct a full sample survey of students in grade 4, 5 and 6 (age from 9.5–
12.5 years). 1860 valid student questionnaires were obtained, and the efficiency of the
questionnaires was 92.86%. Individual missing values are replaced by linear trend at
points method.

There are 694 fourth-grade students, covering 36.5% (360 males, 334 females); 567
fifth-grade students, accounting for 29.8% of the total (292 males, 275 females); 642
sixth-grade students, accounting for 33.7% of the total (340 males, 302 females). The
total number of males is 992, accounting for 52.1%, and 911 females, covering 47.9%.

2.6 Instruments

Attention Control Ability
The Attentional Control Scale (Derryberry and Reed 2002) was adopted to measure
individual attention control level. The scale can be used to test concentration control,
attention shifting control.
Item analysis: Item AC4, 5, 9, 11, 14, 15, 16 and 20 did not meet the requirements in
the test of correlation and homogeneity between items and total scores, and were
deleted; Reliability analysis: Cronbach’s a of the scale in the survey reached 0.727, and
the reliability of internal consistency was high; Validity analysis: According to con-
firmatory factor analysis, the results of constructive validity are all reached the rec-
ommended value (CMIN/DF = 1.659 < 2.0, GFI = 0.996 > 0.9, NFI = 0.987 > 0.9,
CFI = 0.995 > 0.9, RMSEA = 0.019 < 0.08), indicating that the constructive validity
of the Attention Control Scale is good and its structure is reasonable.

Emotional Intelligence
Trait and Emotional Intelligence Questionnaire (Short Form) was adopted to test
emotional intelligence, which measures four main factors: well-being, self-control,
emotional ability and social ability.
Item analysis: The EQ22, 23, 25, 26 and 30 items of emotional intelligence scale did
not meet the requirements in the test of correlation and homogeneity between the items
and the total score, and were deleted; Reliability analysis: Cronbach’s a of the scale in
this survey reach 0.823, and the reliability of internal consistency is very good. Validity
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analysis: The results of confirmatory factor analysis reach the recommended values
(CMIN/DF = 1.965 < 2.0, GFI = 0.994 > 0.9, NFI = 0.987 > 0.9, CFI = 0.994 >
0.9, RMSEA = 0.023 < 0.08), which indicates that the constructive validity of the
scale is good and its structure is reasonable.

Motivation
Motivation and Engagement Scale- Junior School (MES-JS) was used to test moti-
vation. MES-JS is mainly for elementary school student and junior school student.
Including positive motivation and engagement, negative motivation and engagement,
and eleven sub-dimensions.
Item analysis: From the item analysis results of each item, it can be seen that the dis-
crimination of itemD2did not reach a significant level andwas deleted;Reliability analysis:
Cronbach’s a was 0.825 (very good, very high). The reliability coefficients of the four
dimensions were: positive motivation 0.853, positive engagement 0.883, negative moti-
vation 0.834 and negative engagement 0.709, which all exceeded 0.7, indicating that the
internal consistency reliability of all variables was very good; Validity analysis: The con-
structive validity of MES reached the recommended value, (CMIN/DF = 1.980 < 2.0,
GFI = 0.965 > 0.9, NFI = 0.952 > 0.9, CFI = 0.975 > 0.9, RMSEA = 0.023 < 0.08)
which showed that Motivation and Input Scale had good constructive validity in two-
dimensional division, four-dimensional division, and eleven-dimensional division.

3 Research Result

3.1 Motivation and Engagement

In order to explore the overall motivation level of domestic students, this paper conducts an
overall mean analysis and try to find out what kinds of motivation students can improve. In
order to explore group differences, such as motivation differences between boys and girls
and motivation differences caused by grades, variance analysis was used to analyze.

Table 1 shows that: On positive motivation and positive engagement, students did not
reach rank A and B, while on negative motivation and engagement, students reached
grade A. That is to say, on the whole, students’motivation of active pursuit represented by
self-efficacy is not good, and they need to be intervened and promoted. The motivation of
failure avoidance is better, the motivation represented by perseverance is lower, and the
negative behavior investment represented by learned helplessness needs to be improved.

Table 1. Motivation and engagement level (N = 1860)

Mean S.E. S.D. Rank Mean S.E. S.D. Rank

Positive
motivation

87.805 .244 10.509 C Negative
motivation

56.351 .374 16.144 A

Self-efficacy 87.897 .291 12.532 C Anxiety 56.773 .411 17.726 A
Mastery goals 87.019 .300 12.951 C Failure

avoidance
60.195 .515 22.210 A

Valuing 88.498 .273 11.755 C Uncertain
control

52.084 .479 20.649 A

(continued)
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There were significant differences in self-efficacy (F = 3.063, P = 0.047 < 0.05),
failure avoidance(F = 4.489, P = 0.011 < 0.05) and learned helplessness (F = 3.175,
P = 0.042 < 0.05) when age and gender were taken as independent variables, but there
was no significant group difference in other variables.

FromFig. 1, the self-efficacy of boys in grade 4 and 5 is lower than that of girls, and the
self-efficacy of boys in Grade 6 is higher than that of girls, all of which show a downward
trend with the growth of grade; the avoidance failure of boys shows a downward trend,
while that of girls is opposite; the average avoidance failure of girls after grade 5 and 6 is
higher than that of boys; with the growth of grade, the acquisition helplessness of boys
presents an inverted U-shaped development, and the straight line of girls (Fig. 2).

3.2 Emotional Intelligence

To explore the differences of emotional intelligence between age and gender, the results
of Table 2 show that: well-being (F = 3.995, P = 0.019 < 0.05) and sociability
(F = 6.512, P = 0.002 < 0.05) were significantly different under the influence of
gender and age. From the perspective of mean and standard deviation, boys’ well-being
was higher than girls from the fifth grade. On Sociability, girls in the fourth and fifth
grade were higher than boys and boys in the sixth grade were higher than girls.

Table 1. (continued)

Mean S.E. S.D. Rank Mean S.E. S.D. Rank

Positive
engagement

81.701 .306 13.211 D Negative
engagement

45.808 .306 13.186 A

Persistence 82.618 .337 14.547 D Learned
helplessness

33.153 .331 14.287 A

Self-regulation,
planning

83.186 .337 14.549 D Self-
handicapping

58.463 .429 18.488 A

Self-regulation,
Task management

79.299 .412 17.776 D

Fig. 2. Average of self-efficacy, failure-avoidance and learned helpless of female and male
among grade 4, 5 and 6

A Study of Primary School Pupils’ Motivation, Emotional Intelligence 333



3.3 Attention Control Ability

In order to explore the basic situation of pupils’ attention control ability, the scale used
in the survey was developed from two dimensions: attention concentration and atten-
tion switching. There were significant differences in the ability of attention concen-
tration (T = −6.486, P = 0.000 < 0.05) and attention switching (T = 2.668,
P = 0.008 < 0.05) between male and female students. The average value of girls’
attention switching ability was higher than that of boys, and boys’ attention switching
ability was higher than that of girls.

There is a significant difference on attention concentrating ability (F = 3.893,
P = 0.021 < 0.05) among three grades. The difference is reflected in the grade 4 and 5.
The fourth grade has significantly higher attention control ability and lower standard
deviation than the fifth grade. There was no significant difference in attention switching
ability between grades. And no significant differences were found with age and gender
as co-independent variables.

3.4 Relationship Among Motivation, Attention Control Ability
and Emotion Intelligence

Attention level, emotion state, motivation level determines whether the valuable
information can be selected into our cognitive system. At meantime Attention control
ability, emotional intelligence can both influence whether can student focus on learning
and have motivation to learn. The relationship among them facilitate us to better
understand the factor that influence our cognition activity. Whether people with higher
emotional intelligence have stronger attention control ability? Whether people with
stronger attention control abilities have more motivation? In order to answer the above
questions, correlation analysis is carried out first, and then structural equation model is
used to find the main relationship.

According to Pearson correlation coefficient, significant relationships among all
three variables were found. There’s significant positive relationship between emotional
intelligence and attentional control ability (r = 0.526, sig < 0.001), meanwhile positive

Table 2. Group difference of emotional intelligence (Gender � age)

Variables Grade4 Grade5 Grade6 Gender � age

M ± SD M ± SD M ± SD F P

Well-being M 3.565 ± 0.634 3.590 ± 0.667 3.566 ± 0.649 3.995 .019
F 3.662 ± 0.564 3.502 ± 0.565 3.520 ± 0.573

Self-control M 3.424 ± 0.745 3.307 ± 0.750 3.340 ± 0.720 1.261 .284
F 3.534 ± 0.678 3.309 ± 0.726 3.337 ± 0.683

Emotionality M 3.530 ± 0.742 3.446 ± 0.717 3.528 ± 0.725 .677 .508
F 3.701 ± 0.720 3.568 ± 0.711 3.607 ± 0.678

Sociability M 3.402 ± 0.819 3.399 ± 0.812 3.544 ± 0.752 6.512 .002

F 3.676 ± 0.732 3.482 ± 0.784 3.510 ± 0.779
Emotional intelligence M 3.499 ± 0.540 3.455 ± 0.537 3.503 ± 0.547 3.728 .024

F 3.650 ± 0.479 3.479 ± 0.524 3.507 ± 0.524

334 R. Hu et al.



relationship between emotional intelligence and positive motivation (r = 0.521, sig <
0.001) & engagement (r = 0.543, sig < 0.001) was proved, so as attentional control
ability (r = 0.359 & 0.371, sig < 0.001).

Using Amos 21.0 to validate the hypothetical variable relationship model, From
Goodness-of-fit data (Table 3), we find that the goodness-of-fit index is completely
good, and there is no modification indices appeared.

The final model (Fig. 3) of the variable relationship results show that CMIN = 5.998
(P = 0.112 > 0.05). We can clearly find that positive motivation and engagement are
positively predicted by attentional control ability and emotional intelligence. On the
contrary, negative motivation and engagement are negatively predicted.

Table 3. Goodness-of-fit

Goodness-of-fit index P Df CMIN/DF GFI AGFI NFI CFI RMSEA

Model vale 0.112 29 1.659 0.999 0.989 0.987 0.995 0.019
Reference value >0.05 <2.0 >0.9 >0.9 >0.9 >0.9 <0.08

Fig. 3. Relationship of motivation & engagement, attentional control ability and emotional
intelligence. Single arrow means the single predictive relationship between variables and the
values are standard regression coefficient. Double-head arrow means co-variation between
variables. e represent residuals.
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According to Table 4 emotional intelligence has a significant positive predictive
effect on positive motivation and positive engagement, and a significant negative
predictive effect on negative motivation and negative engagement. Attention control
ability has a significant positive predictive effect on positive motivation and positive
engagement, but a significant negative predictive effect on negative motivation. Only
attention control ability had no significant effect on negative engagement in all paths. In
addition, the internal relationship between positive and negative motivation and input is
similar to other research results (Yin 2018). Positive and negative motivation have
significant influence on each other. Positive motivation significantly predicts positive
engagement, negative motivation predicts negative engagement, and negative moti-
vation predicts positive input. That is to say, the performance of cognitive motivation
level will affect learning input motivation.

By validating the hypothesis above, we find that H1: There’s a significant positive
correlation between attention control ability and emotion intelligence is completely
valid; H2: Attention control ability has a significant impact on motivation is completely
valid; H2.1: Attention control ability has a significant positive impact on positive
motivation and engagement is completely valid; H2.2: Attention control ability has a
negative impact on negative motivation and engagement is partly valid, the reason why
such hypothesis isn’t supported might because students’ negative engagement level is
mostly influence by their negative motivation and self-control ability which cover more
than attentional control ability; H3: Emotion intelligence has a significant impact on
motivation, is completely valid; H3.1: Emotion intelligence has a significant positive

Table 4. Optimal matching variables in the model of the relationship

Hypothesis Relationship Estimate C.R. p

H1 EI $ AC 0.184 19.346 ***
H2.1 PM ← AC 0.027 20.941 ***
H2.1 PE ← AC 0.110 6.496 ***
H3.1 PM ← EI 0.043 39.506 ***
H3.1 PE ← EI 0.123 6.883 ***
H2.2 NM ← AC −0.286 −9.86 ***
H2.2 NE ← AC −0.060 −2.747 0.006
H3.2 NM ← EI −0.726 −20.972 ***
H3.2 NE ← EI −0.107 −4.308 ***

PE ← PM 0.656 39.506 ***
NE ← NM 0.455 20.941 ***
NE ← PM −0.125 −5.918 ***
NM ← PM 0.793 14.671 ***
PM ← NM −0.805 −15.774 ***

P.S. PM = Positive motivation; PE = Positive engagement; NM = Nega-
tive motivation; NE = Negative engagement; EI = Emotional intelligence;
AC = Attention control ability
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impact on positive motivation and engagement is completely valid; H3.2: Emotion
intelligence has a significant negative impact on negative motivation and engagement,
is completely valid.

4 Discussion and Conclusion

Firstly, according to research result of motivation, attention control ability and emo-
tional intelligence, we find some differences among different groups. Why are there
differences between gender and grades?

There is no tendency for Chinese students to abandon themselves and lose interest in
school learning, and the anxiety of learning examination is generally low, which is
inseparable from taking exams and exercises as the main learning methods. The high-
frequency examination in school enhances the threshold of students’ anxiety about
exams and fear of failure. Learned helplessness is the lowest of all factors. The question
like “I lost interest in school” indicates that students’ attitude towards school is generally
negative, which is inseparable from our ongoing curriculum reform. From the per-
spective of positive motivation and engagement, we uphold modest education, while
family education generally exists comparative psychology, which may lead to low self-
efficacy. Compact class schedule, some students do not have enough time to master
goals, quick technical assistance or urge, which will lead to more self-abandonment and
weaker willpower. However, the lower dimensions of perseverance and self-regulation
may be due to the lack of meta-cognition, learning ability and willpower.

Boys’ self-acceptance does not show a trend of increasing or decreasing with age,
while girls’ self-acceptance decreases with age, that is, the older they are, the worse
their impression is. This understanding of themselves and their acceptance may affect
the 6th grade girls’ self-efficacy is lower than that of boys, and the tendency of avoiding
failure is higher and higher, while boys are lower and lower. This difference is also
influenced by different social evaluation and social expectations of male and female.

Secondly, as for difference in emotional intelligence. With the influence of gender
and age, there was a difference in well-being. The downward trend of girls’ well-being
was much larger than that of boys. This may be further consolidated by the idea of
equality between male and female in recent years, girls themselves or their families
improve their requirements, so that the increase of pressure leads to the decline of girls’
happiness. We generally believe that girls are more sensitive than boys. Sensitivity is
one of the dimensions of personality characteristics. People with high sensitivity tend
to face positive and negative information more carefully, and are more vulnerable to
external information. With the growth of grade, the female students’ self-identity
decreases, which makes them more easily influenced by their own emotions and others.

Thirdly, emotions will affect cognitive flexibility. Individuals’ attention resources
will occupy cognitive resources when negative emotions occur, and their thinking falls
into passivity. It is difficult to flexibly realize attention switching and task switching. Girls
are more susceptible to emotions, which leads to higher attention switching for boys.

Fourthly, Motivation, attention control ability and emotional intelligence are the
three core systems of information selection and orientation. Motivation does not exist
alone to influence students’ information acquisition. Emotion and attention regulation
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ability play a central role in our brain when receiving external stimuli. The way for
students to improve their motivation should take attention control ability and emotional
intelligence all into account.
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Abstract. Computational thinking (CT) is becoming a growing field in edu-
cational research and practice. CT is not only related to coding or programming,
but also a fundamental skill for everyone to solve problems effectively and
efficiently with solutions that are reusable in different contexts, which helps to
improve our analytical ability for different tasks. Therefore, parents are eager to
enroll their children in children programming courses. This paper presents the
design of a web-based game for learning computational thinking anywhere and
anytime. It has a visual programming environment for programming virtual
robot to complete specific tasks. Our game levels are designed to cover the
following five core elements of CT: reformulation, recursion, decomposition,
abstraction and systematic testing. The game also supports collaborative
learning, in which some game levels involve multiple robots to be programmed
by multiple players at the same time. A survey on twenty undergraduate com-
puter science students showed that our game requires the application of the
above five core elements of CT to complete, and is likely to be an attractive
learning tool for learners including primary students.

Keywords: Computational Thinking � Gamification � Collaborative learning �
Visual programming

1 Introduction

The past decade has witnessed an increasing number of research and practice on
computational thinking (CT) education (see the survey paper by Shute et al. [1] and the
references therein). Education researchers, practitioners and parents found that CT,
which originates from computer science, can be applied to domains other than
programming [2], and is correlated with success in college and life [3]. CT is a
fundamental skill for everyone to solve problems effectively and efficiently; it allows
ones to acquire the analytical ability to come up with efficient and effective solutions
that are reusable for different tasks in different contexts [4]. Therefore, parents are
eager to enroll their children in computer programming classes [5, 6], and the
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number of such kid coding classes has been rapidly increasing, for example, in
Hong Kong [7].

The term “Computational Thinking” was coined in the seminal article by
Wing [4], who argued that CT is not only referring to thinking like a computer, but
also involves the following five core elements in solving problems efficiently and
creatively [1]:

1. Problem reformulation: Reformulate a seemingly difficult problem into a problem
with existing solution. For example, consider the problem of course selection in a
university programme. Courses often have prerequisite, which requires the com-
pletion of other courses. Finding a feasible order of courses to complete the pro-
gramme can be reduced to a well-known problem in graph theory of computer
science called topological sort.

2. Recursion: Construct a system incrementally based on preceding information. This
core element involves identifying repetitive patterns in the problem and solve the
problem using solutions of the smaller pattern. Note that this definition is broader
than the usual definition of “recursion” in computer science, where a problem is
solved by using solutions to smaller instances of the same problem.

3. Problem decomposition: Break a large complex task into smaller manageable units.
There are usually existing solutions to the manageable units. Problem decomposi-
tion allows these solutions to be reusable in different complex tasks. The difficulty
of solving the task is also reduced due to the lower complexity in solving the
smaller tasks.

4. Abstraction: Choose an appropriate representation to model the core aspects of the
problem to make it tractable (i.e., solvable efficiently). Taking the previous course
selection problem as an example. Courses can be modelled as vertices of a graph
and the course prerequisite relations can be modelled as edges of the graph. With
such problem abstraction, the course selection can be reduced to topological sort.

5. Systematic testing: Take purposeful actions to derive solutions. This core element
involves finding and fixing errors in the solutions, which is referred to as debugging
in programming.

The above five core elements of CT can be applied to not only computer pro-
gramming, but also everyday activities and problems.

This paper presents the design of a web-based game for learning computational
thinking anywhere and anytime. In the game, players are asked to program virtual
robots to complete specific tasks in a kitchen, e.g., preparing food by moving around,
picking up ingredients, chopping in “cutting zone”, and putting the deliverables in
“delivery zone”. The kitchen setting is closely related to everyday activities and is
suitable for players with limited or no programming experience. The game contains a
sequence of game levels with increasing difficulty. The problem solving for these game
levels helps the players to develop the CT skills for the above five core elements. To
motivate players to strive for a better solution, they are rewarded different number of
“stars” depending on the tasks completed in a game level, and players can earn different
in-game titles with these stars.

Our game has a visual programming environment where actions of the virtual
robots are shown as action block and programming can be done by drag-and-drop of
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the action blocks. Such programming interface design can be found in existing pro-
gramming learning tools like Scratch [8] and Alice [9] (see Sect. 2 for more details),
which is suitable for kindergarten and primary students.

Our game also supports collaborative learning, which involves a group of students
working together to solve a problem, in which students learn through talking among
themselves [10]. Some game levels require multiple players to program multiple robots
to collaborate on completing the tasks. Denner et al. [11] found that collaborative
learning is particularly beneficial to students with minimal programming experience in
CT learning; their experiment on 320 middle school students showed that students
working collaboratively on Alice tasks achieved significantly better performance than
students working alone.

We surveyed twenty undergraduate computer science students; most of them
agreed that our game requires the application of the above five core elements of CT,
and is likely to be an attractive learning tool for junior learners like primary students.

Organization of the Paper. Section 2 reviews common existing programming tools
for CT learning. Section 3 presents the design details of our web-based game. Sec-
tion 4 gives the preliminary evaluation result. Section 5 discusses the evaluation result
and concludes the paper.

2 Existing Programming Tools for CT Learning

Different existing programming tools have been used in CT learning and research
studies (see the survey paper [1]). This section reviews three of them that are com-
monly used and are closely related to our game design.

Fig. 1. User interface of Scratch [8].
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Scratch [8] is also a block-based programming environment that allows users to
create interactive stories, games and animations by drag-and-drop of the code blocks.
Block-based programming environment enables teaching CT without the complex
semantics of programming languages like Java and C++, which is particularly suitable
for students without prior programming experience. Scratch is a web-based application
that can be run anywhere and anytime on the Internet. Users can share their products in
its online community. It does not come with a tutorial for CT learning, but users can
create their own tutorials. As Scratch provides lots of functions, it would be an overkill
for CT learning and the complicated user interface (Fig. 1) may hinder the learning of
junior users like primary students.

Alice [9] is a block-based programming environment that allows users to create
computer animations using virtual 3D models. Users can place 3D models/objects into
the virtual worlds and program their actions using the code blocks. Yet Alice is a
standalone application that requires installation on a computer, and does not provide a
tutorial with organized topics of CT.

Lego Mindstorms (www.lego.com/en-us/mindstorms) has a block-based program-
ming environment (on a mobile application) for programming physical robots com-
posed of programmable bricks, motors and sensors. The complexity of assembling the
physical robot makes it not suitable for primary students without assistance from adults.
The high cost of the hardware is also a concern to some users.

3 Our Web-Based Game

This section presents the detailed design of our web-based game for CT learning. Our
game is a web application deployed on a web server. Players can connect to the web
application using common web browsers, e.g., Google Chrome, Mozilla Firefox (see
Fig. 2 for the user interface of our game on Mozilla Firefox). When a player connects to
the web application for the first time, he/she is asked to provide a user name, then a user
accountwill be created automatically and the login informationwill be kept in the player’s
browser such that he/shewill be automatically logged in when returning to the game later.

Fig. 2. Our web-based game on the web browser Mozilla Firefox.
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3.1 User Interface of the Game

There are two main components in the user interface of a game level (Fig. 3): the robot
action environment (left) and the visual block-based programming environment (right).

Robot Action Environment. The robot action environment is a 2D grid board of
blocks arranging in rows and columns that represents the layout of a kitchen. The board
contains one robot (for a single player) or multiple robots (for multiplayers) in some
blocks of the board (see Fig. 3), which need to complete some specific tasks (e.g., the
primary goal shown on the top of Fig. 3).

Each robot can be programmed to move around the board and perform some
actions when it is next to the following function tiles (Fig. 4):

• Food storage: A robot can pick up some food from a food storage.
• Plate storage: A robot can pick up a plate for keeping processed food (i.e., chopped

food in our game).
• Delivery zone: A robot can put down a plate of processed food to the delivery zone,

which is usually the primary goal for a game level.
• Table: Chopped food can be put down there and later be picked up again (possibly

by another robot).

Fig. 3. Design of the user interface of our web-based game (single player game).

Fig. 4. Function tiles and robot for the robot action environment.
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• Cutting zone: A robot can put down some food there, chop it and then pick it up
again.

• Wall: A robot cannot walk through a wall tile.

Visual Block-Based Programming Environment. This environment shows one or more
main procedure areas in the left, where each main procedure is for the action of a single
robot (see Fig. 3 for a single player game, and see Fig. 7 shown later for a multiplayer
game). Player(s) can drag and drop action blocks in the right to the procedure area so as to
program the robot(s). Action blocks in a procedure can be removed by dragging and
dropping the corresponding block to anywhere outside the procedure area. Our pro-
gramming environment also supports sub-procedure and allow the creation of a new
procedure area for a sub-procedure next to themainprocedure area (seeFig. 6 shown later).

3.2 Design of Game Levels for CT Learning

This subsection details how the game design is related to the previously introduced five
core elements of CT, namely, problem reformulation, recursion, problem decomposi-
tion, abstraction, and systematic testing.

CT Element – Abstraction. Abstraction is applied in every game level. The player is
required to model the specific tasks in a step-by-step solution using the action blocks.
Sometimes, there is a subtask that concerns efficiency of the solution and the player
needs to complete the procedure in limited number of action blocks. Abstract thinking
in the player’s mind is necessary for such subtask.

CT Element – Systematic Testing. Systematic testing is also applied in every game
level, which can be obviously observed. When a player completes the programming of
the robot(s) in the visual block-based programming environment, he/she can press the
“play” button (the button with a triangle) on top of the robot action environment. The
sequence of action blocks in the procedure (and sub-procedures) will be sent to the web
server, which will then update the player’s browser to show the robot action in a step-
by-step manner. The second button with a square allows a user to stop in the middle of
the execution. The third button with three strips is the setting button, which allows
configuring the display speed of the step-by-step execution in the browser. Such step-
by-step execution allows the players to easily spot the errors in their procedure such
that debugging of the procedure can be performed.

The game design contains three types of game levels: tutorial, single player game,
and multiplayer game.

Tutorial. The game levels in the tutorial aim to let the players get familiar with the
robot action environment and the visual block-based programming environments.
Figure 3 is a tutorial game level that let the players to understand the orientation of a
robot, i.e., the robot can face to one of the four directions: up, down, left, and right.
Figure 5 below is another tutorial game level that requires the robot to pick up the
counter block and move forward according to the number shown in the counter block.
Note that the number on the counter block is randomly chosen from the set {3, 4, 5},
and the “decrement” action block will decrease this number.
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Single Player Game. It contains four chapters on the following topics of program-
ming: (1) Sequence, (2) Branching, (3) Iteration, and (4) Variable. Each chapter con-
tains six game levels with increasing difficulty. Figure 6 shows two game levels in the
chapter of “Iteration”, where the player is required to prepare food in different colors
for different delivery zones. Two different robot orientation systems are used in these
two game levels: The orientation system in the left is relative to the player’s screen, and
thus arrow is used to indicate the facing direction of the robots, which is easier to
program; while the orientation system in the right is relative to the facing direction of
the robots, which is harder to program.

CT Element – Problem Decomposition. The game levels shown in Fig. 6 have a
large and complex task of preparing food in different colors for different delivery zones.
To solve the game levels, the player needs to break the large task into smaller

Fig. 5. Tutorial game level involving a counter block and a while-loop.

Fig. 6. Two single player game levels on Iteration.
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manageable units, namely, working on each food for each delivery zone one by one.
This involves the application of problem decomposition.

CT Element –Recursion. Sometimes, the result of problem decomposition is identical
smaller problems, e.g., the two game levels in Fig. 6. Once the player identifies such
repeated part in the game level, sub-procedure can be applied repeatedly (e.g., Procedure
1 shown in the two game levels in Fig. 6). This is an application of recursion in CT.

Multiplayer Game. Our web-based game provides a room feature, where a player can
create a room for other players to join and play together on some game levels for
multiple players. A game level in multiplayer game contains multiple robots, each of
which needs to be programmed independently so as to complete some specific task.
Figure 7 shows a multiplayer game level, in which two players need to collaborate to
deliver the cookie to the delivery zone. Note that our current implementation of the
game does not provide communication tools between players, so players are supposed
to communicate with each other using their own means. Note also that there is no rule
how the players should collaborate. They may work together on the programming of all
robots, or they may work independently on different robots. It is a must for the players
to solve the problem and learn through communication among themselves, which is the
feature of collaborative learning [10].

CT Element – Problem Reformulation. Figure 8 below shows a complex multi-
player game level for three robots that requires the application of all the five core
elements of CT. The game level requires the robots to prepare a plate of mixture of
chopped food (in red and green) and deliver to the delivery zone. Given the wall and
table restriction, the problem can be easily reformulated and decomposed into three
separate actions for the three robots, where robots A and B were supposed to act in a
symmetric way. This is an example of problem reformulation.

Fig. 7. A multiplayer game level involving two robots and a special item “Cookie”.
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Reward System. Reward system is a gamification technique to motivate users to keep
playing in the game [12]. In our game, players can earn “stars” by completing specific
tasks in a game level (see Fig. 9 for an example). A player earns different in-game title
with different number of stars: Total Beginner (less than 20 stars), Apprentice Pro-
grammer (at least 20 and less than 150 stars), and Code Master (at least 150 stars).

4 Preliminary Evaluation

Participants and Setting. To confirm that our designed game requires the application
of the five core elements of CT, we invited 20 undergraduate students studying
Computer Science (who have knowledge on computer programming and CT skills) to
play our game in pairs and then complete a survey individually.

Fig. 8. A multiplayer game level involving three robots. (Color figure online)

Fig. 9. A multiplayer game level involving three robots.
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Result. The survey used a 5-point Likert scale (1: disagree, 2: partially disagree, 3:
neutral, 4: partially agree, 5: agree). Table 1 shows the items related to the core
elements of CT and the percentage of participants selecting each point in the Likert
scale, and Table 2 shows the results related to user satisfaction on the game design.

5 Discussion and Conclusion

In the preliminary evaluation, survey items 1 to 4 correspond to the CT elements
abstraction, problem reformulation, recursion, and problem decomposition,
respectively.

Table 1 shows that the majority of the Computer Science major respondents agreed
that our game requires the application of these four CT core elements. As the step-by-
step execution requires systematic testing obviously, there is no survey item about this
core element of CT. Table 2 also shows that the majority of respondents are satisfied
with the game design and user interface, and found that our game can promote CT
learning and collaborative learning.

This paper presented the design of a web-based game for gamifying CT learning
with the support of collaborative learning. We hope that it can provide insights for
other researchers and education practitioners how CT learning can be promoted with
gamification and how collaborative learning can be integrated in the process.

Table 1. Survey result on core elements of CT elements.

Item 1 2 3 4 5

(1) I need to simulate the problem answer in mind and
abstract the core aspects when I try to solve the
problem

0% 0% 15% 65% 20%

(2) I need to convert a problem in a level to a simpler
problem in order to complete the level

0% 5% 25% 30% 40%

(3) I need to find out a pattern to construct a solution 0% 0% 10% 40% 50%
(4) I need to break down the problem into small
pieces, it is more manageable to solve the problem

0% 0% 25% 25% 50%

Table 2. Survey result on user satisfaction.

Item 1 2 3 4 5

(5) The game can motivate student’s interest in
improving computational thinking skills

0% 0% 35% 25% 40%

(6) The gameplay is attractive and fun 0% 0% 25% 40% 35%
(7) The game can encourage students to collaborate
with each other

0% 0% 15% 50% 35%

(8) The game level is suitable for primary students 0% 0% 20% 30% 50%
(9) The coding interface is easy to use for editing
commands

0% 0% 5% 50% 45%
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Limitations and Future Work. One of the target users of our game is the primary
students, who may encounter difficulties that undergraduate students do not have. Our
current study did not involve the engagement of primary students and thus the eval-
uation result provides only limited information on the usability and user satisfaction of
our web-based game. A future work is to perform an evaluation on these target users.
We are working on improving our game to allow both mobile client and web client
(i.e., browsers) to work together, which should greatly increase the usability due to the
popularity of mobile devices nowadays. Communication tool will also be added to
facilitate collaborative learning inside our game.
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