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Preface

IFIP SaITE 2016 was held in Guimarães, Portugal, during July 5–8, 2016. The con-
ference focused on the topic of “Stakeholders and Information Technology in Edu-
cation”. Open to researchers, policy makers, educators, and practitioners, the
conference invited presentations on current projects and findings relating to how
information technology (IT) in education was being adopted and used by different
stakeholders, such as students, teachers, parents, or advisers, for example.

The conference involved 65 participants (including three who joined remotely),
from across four continents (Europe, Asia-Pacific, Africa, and America). Those
involved came from 22 countries, including Australia, Cyprus, Finland, France, Ger-
many, India, Ireland, Japan, New Zealand, Norway, Slovenia, South Africa, Spain,
Switzerland, the UK, and the USA.

Participant submissions covered the five key themes of the conference:

• Linking formal and informal education
• Researching transformation of applications of technologies in educational contexts
• Exploring implications of computer science education
• Preparing a new generation of computer professionals
• Strategic use and professional development in policy and management

Submissions of full papers, short papers, symposia, and system presentations were
reviewed by the international Program Committee members and additional reviewers.
For presentation, this was done on the basis of the quality of the submission, its
relevance and potential contribution to the field, and its potential to benefit others. In
total, 48 submissions were involved in a double-blind peer-review process. On average,
each paper received 3.5 reviews through this two-stage process, where authors had a
chance to revise their papers on the basis of the conference and reviewer feedback.
Subsequently, 15 full papers and two short papers were selected for inclusion in this
book.

The book is structured into four topical parts:

• The first part focuses on “Developing Practices and Involving Stakeholders in the
Field of Computer Studies.” In this part, you will find contributions on methodical
implementation, introduction to programming, and on competency modeling in the
field of computing education. Passey, Hawkins, and Clift report on fathers and male
guardians becoming involved in their children’s education in primary schools
through computing practices; Matsuzawa, Tanaka, and Sakai identify advantages of
using block-based visual language for introductory programming; Micheuz explores
the challenges that Austrian secondary schools face in implementing computing;
Kramer, Tobinski, and Brinda model competences in object-oriented programming;
and Holvikivi, Lakkala, and Muukkonen report on outcomes of collaborative
practices introduced in undergraduate computing courses.



• The second part addresses “Key Stakeholder Practices in Teacher Training”. The
focus of this part is the use of MOOCs in teacher training and the design of
introductory student teacher education in computer science. Langseth and Haugs-
bakken discuss the introduction and outcomes of a blended bMOOC in Norwegian
teacher training education; Bakki, Cherkaoui, Oubahssi, and George consider
enhancement of learner motivation through appropriate pedagogical scenario
development in cMOOCs; and Overland explores identities of and subsequent
challenges for student teachers in computing.

• The third part deals with “Developments in Educational Management”. The con-
tributions in this section focus on the one hand on the digital transformation of
educational institutions, and on the other hand on developments in this field over the
past 20 years. Breiter explores the challenges of datafication for future educational
management; Gajewski considers whether IT tools can address problems of
e-cheating; Hernández-Bolaños and Rodríguez-Díaz report how business process
management can lead to e-governance in a university; Correia considers the growth
of entrepreneurialism in higher education and enterprise preparation of educational
technologists; and Osorio and Nieves identify research maturity of IT in educational
management from 20 years of conference proceedings.

• The fourth and final part is about “Information and Communication Technologies for
Social and National Development”. A symposium on this topic was held at the
conference. The contributions give insight into this area through various studies,
including a number across Africa. Mavengere and Ruohonen explore the role of
digital pedagogies in developing collaboration and learning quality; Koivu,
Ruohonen, Mavengere, Hederman, and Grimson report on information and ICT skill
training needs for health professionals in South Africa; Pankomera and Greunen
identify challenges and ways forward for ICT development in the education system
in Malawi; and Ogunbase and Raisamo report how aWest African Digital University
might address needs for increased levels of higher education.

We hope you will enjoy reading this book. We particularly thank the authors for
making new insights accessible to us all in this field.

February 2017 Torsten Brinda
Nicholas Mavengere

Ilkka Haukijärvi
Cathy Lewin
Don Passey
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Fathers and Male Guardians Are Important
Stakeholders in Children’s Education: Do Lego Building

and Scratch-like Programming Activities Hold a Key
to Involving Them More?

Don Passey1(✉), Gavin Hawkins2, and Darren Clift2

1 Department of Educational Research, Centre for Technology Enhanced Learning,
Lancaster University, Lancashire, UK
d.passey@lancaster.ac.uk

2 Learning Technologies, Directorate of Education, Wolverhampton City Council,
Wolverhampton, UK

{ghawkins,dclift}@cloudw.co.uk

Abstract. Previous research indicates positive influences on engagement,
expectation and outcomes of learning when fathers and male guardians support
and work with their children. In primary school settings, fathers and male guard‐
ians are less frequently seen to be involved in educational, school-based discus‐
sions and activities. The research reported in this paper indicates how a contem‐
porary project is positively supporting father and male guardian involvement with
their children, using technologies (Lego Technics Mindstorms and Scratch-like
programming) as an important medium, where building and programming enable
shared and collaborative learning. The findings highlight important ways in which
this project is enabling this shared activity learning, through intergenerational
learning practices. Clear implications for wider national and international devel‐
opment are raised. Recommendations are offered.

Keywords: Fathers/male guardians · Learning with children · Collaborative
activities · Intergenerational learning · Primary school development

1 Introduction

This paper explores the role of activities that support learning, where parents and guard‐
ians can work with their children through collaborative endeavour using technologies.
Technology can play an important part in such activities; it can provide a medium where
children and their parents and guardians can work together, where they can share how
they are working as well as working collaboratively on the outcomes of their working.
This paper focuses on collaborative endeavours using technologies at primary school
level (where children are between 5 and 11 years of age). In this school sector, it is
recognised in a number of countries that parents associate with their children’s schools
often; but mothers and female guardians are more frequently seen by schools coming in

© IFIP International Federation for Information Processing 2016
Published by Springer International Publishing AG 2016. All Rights Reserved
T. Brinda et al. (Eds.): SaITE 2016, IFIP AICT 493, pp. 3–15, 2016.
DOI: 10.1007/978-3-319-54687-2_1



to work with their children, talking to their children immediately after school, and
coming into school to discuss their progress. In a study in the United States (US), for
example, Rimm-Kaufmann and Zang [1] found that in a sample of parents and guardians
from a low-income population, about half of the fathers or male guardians had no contact
with the teachers of their children in nursery schools, and only one in ten fathers or male
guardians communicated with their child’s infant school.

In this paper, we look at a project that has been run in three primary schools in a
local authority in England; the project has sought to bring fathers and male guardians
into school to work with their children, using technologies as a medium through which
shared and collaborative learning can occur. In the project described, a case study has
been used to look at activities in two different sites, and identifies outcomes arising. The
findings indicate that this form of activity should be considered for wider practice, both
to support the current curriculum that is stipulated in England, but also to potentially
support engagement and learning between fathers and male guardians and their children
more widely internationally.

2 Roles of Parents and Guardians (Particularly Males)
in Children’s Learning

Parents and guardians contribute to their children’s learning, as recognised and measured
in a number of past research studies. For example, as Bransford, Brown and Cocking [2]
stated in their wide review of school-based learning and effective learning practices in
the US: “Parents are especially good at helping their children make connections” (p.
153). The authors suggested that parents and guardians are not only in a position to
support their children, but may have important insights and personal knowledge that
allow their children to see how to make learning connections, with other contexts and
other ideas and knowledge. Desforges and Abouchaar [3], from their review of research
findings in this field stated that: “parental involvement in the form of ‘at-home good
parenting’ has a significant positive effect on children’s achievement” (p. 4). They
concluded that: “In the primary age range the impact caused by different levels of
parental involvement is much bigger than differences associated with variations in the
quality of schools” (pp. 4–5). In a later review of research on this topic, Harris and
Goodall stated [4] that:

“Parental engagement is a powerful lever for raising achievement in schools. Where parents
and teachers work together to improve learning, the gains in achievement are significant.
Parents have the greatest influence on the achievement of young people through supporting their
learning in the home rather than supporting activities in the school. It is their support of learning
within the home environment that makes the maximum difference to achievement.” (p. 5)

These authors pointed to the need for forms of interactions between parents and
children’s learning to be as direct as possible if impact is to arise. In this context, in
enabling direct interaction, technologies have a clear and already recognised part to play.
But educational engagement of children that will affect their resultant outcomes must
go beyond merely having access to technologies, or selecting resources, or using
resources that are designed in particular ways, or depending on teachers choosing

4 D. Passey et al.



pedagogies to match learning approaches (as argued and discussed in McFarlane [5],
for example). Key influences that bring about wider engagement and enhanced outcomes
are socially driven – for example, parents encouraging children by taking note of their
work and positively praising them, being present in environments where children’s work
is seen to be valued, asking questions about their work, or discussing with other children
who take interest in their work and take pleasure in their findings (as discussed in
government policy documents in England by the independent inspection service Ofsted
[6], and by the government education department DfES [7]). In terms of supporting
engagement that is educationally effective, parents and guardians can interact socially,
while technologies support these social drivers through specific affordances that link
and enhance these interactions. In the United Kingdom (UK), the potential for technol‐
ogies to enhance home-based activities for learners and their parents and guardians has
been highlighted by research over a number of years. Early studies explored the potential
of the Internet and networking infrastructure, initially linking homes and schools, then
using mobile technologies to allow interactions and resources to move via mobile tech‐
nologies (laptops and palmtops) between schools and homes (described in Passey et al.
[8, 9]; Kirkwood [10]; Passey [11–13]).

In terms of measuring the impact of home-based engagement on children’s learning,
Somekh et al. [14] explored differences in national test results in 28 schools in England,
all supported with high levels of information and communication technologies (ICT),
over a 4-year period, comparing them to a group and to national test averages. The
researchers reported that while the Test Bed primary schools “were performing less well
than matched comparator schools on a range of key performance measures: Key Stage
2 [age 7 to 11 years] English, mathematics, science and the APS [average points score]
per institution” (p. 8), that by the end of the project, the shift over the 4-year period from
2002 to 2006 was, for mathematics, 64% to 75% compared to 74% to 73% for the
comparator schools.

Watson and Watson [15], in 2011, reported that technologically-based resources can
afford choice and self-pacing for learners, indicating that resources can provide oppor‐
tunities for children to work in locations remote from classrooms and schools. However,
the role of parenting itself is clear from the results of other studies. Kiernan and Mensah
[16] studied 5,462 children, who were assessed at age 5 years, and with mothers inter‐
viewed at periodic intervals. They found that: “children from poor families and those
with lower levels of family resources who experienced more positive parenting were
more likely to do well in school” (pp. 327–328). Using technologies to support engage‐
ment with children’s learning needs, therefore, to support and work with effective prac‐
tices of parent and guardian engagement as well as offering activities that can provide
learning support.

Existing research evidence indicates that enhancing parental and guardian engage‐
ment in learning practices can enable children to gain from parents’ and guardians’
interests. They can see and use role models of their parents’ and guardians’ practices,
enabling children to more positively develop their own longer-term practices. As a Big
Lottery Fund report [17] on out-of-school-hours learning states with regard to
community-linked projects, these: “can help young people to develop their skills, and
increase parental involvement” (p. 46). But, as Byron [18] and Plowman, McPake and
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Stephen [19]) have pointed out, there is a need to consider the developing social needs
and shifting social relationships of young people over time. How technologies support
parental engagement and interactions for home and out-of-hours learning contexts of 5
year old children and of 12 year old children should consider their potentially different
stages of social development and social relationships with parents and guardians.

In terms of fathers and male guardians, rather than parents and guardians as a whole,
Cullen, Cullen, Band, Davis and Lindsay [20], in a study investigating Parent Support
Advisor (PSA) pilots in 15 local authorities (LAs) in England indicated limited involve‐
ment with fathers in support of their children’s learning and learning engagement in
homes (as well as limitations in terms of planning for such involvement). Previous
studies have shown that father and male guardian interest, high but reasonable expect‐
ations of their children, and direct involvement with their children’s learning, are all
associated with higher levels of test results, better progress in school and more positive
attitudes towards future education (see Goldman [21]). The ways that fathers and male
guardians can influence their children’s learning (and how in some studies this can affect
boys rather than girls, and vice versa) is discussed in greater depth in a review by the
Fatherhood Institute [22]. However, other studies have pointed to the fact that low levels
of father and male guardian involvement (especially during school time) may be linked
to working practices, if fathers and male guardians have commitments at those certain
times of the day (Peters, Seeds, Goldstein and Coleman [23]).

3 The Lego Build and Scratch-like Programming Project

While Furlong and Davies [24] analysed the different ways that parents and guardians
could work with their children, this activity has taken a project-based approach within
the school setting. Project-based activities have been deployed in primary schools to
support interactions between parents and guardians and their children, although the
range of these activities that involve uses of technologies, as shown by a recent review
[25], is much more limited than are the levels of many other forms of resources accessible
to learners. The project that is the focus of the research reported in this paper was devel‐
oped and run by Wolverhampton City Council in 2015 and 2016. Run in a number of
schools, the project lasts for 3 to 5 weeks, with each weekly session being some one-
and-a-half to two hours in length. The schools identified already had an interest in
parental engagement and had previously undertaken programmes focused on improving
parental understanding and involvement in basic skills (phonetic understanding, reading
with their children, calculation processes, etc.). The senior leadership teams, within the
schools concerned, saw the potential to extend existing programmes to include elements
of computer science and also offer 21st century skills to parents and guardians.

The schools are within economically deprived areas of the city, with high levels of
unemployment, low levels of adult academic achievement and high mobility (including
an above average intake from ‘New Arrivals’ and families with ‘English as an Additional
Language’). A significant driver for the schools concerned was to ensure that the
programme could be accessed by families newly arrived in England and in turn increase
access to the school and to educational skills for those families.
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In one school (School A), four weekly sessions each 2 hours in length, involved
fathers and male guardians with their children:

• Building a robot in week 1. Lego Technics (Mindstorms) was used for building the
robot, as no explanation was needed for children when they started to use this
technology.

• Programming the robot in week 2. Scratch-like programs were used for the
programming.

• Creating a course and programming the robot to navigate it in week 3.
• Racing their robots on a track, observed by other children and teachers in the school,

with time to discuss what they had done in week 4.

In another school (School B), the project ran over 3 weeks, each session being one-
and-three-quarter hours in length. The focus and the expected outcomes of each of these
sessions are shown in Table 1.

Table 1. Project content and expected outcomes in School B.

Week Content Expected outcomes
1 Introductions

Initial outline of the project
Children and parents/guardians work on
the initial build of the basic robot
• Build guides are provided
• Photograph the process at each stage
• Staff to provide support and advice

Parents/guardians and children work
together to build the initial robot
• Following instructions
• Solving any problems or issues
• Talking and evaluating their models
• Recording of the process

2 Programming
Using the model built last week, begin to
experiment with the programming
application
Key commands should be
• Directions
• Distances
• Loop statements
• Develop single commands into
algorithms

This session will involve lots of trial and
error as each pairing develop instructions
intended to control their robot
Particular outcomes should be
• Fewest commands
• Shortest routes
• Algorithms which loop
• Saved sequences
Each pair will be encouraged to film their
robot’s final program

3 ‘Top Gear Pointless Challenge’
A series of challenges will be set up in
order to program and control the model
around a specific course
Navigating around the course will require
accurate algorithms and ‘points’ will be
awarded and deducted for speed and
accuracy

Apply previous learning in order to solve
a range of challenges
• Problem solving skills
• Speaking and listening skills
• Accurate computer programming and
measuring of time, distance and speed

The technologies involved in the project were LEGO Education Mindstorms EV3
and the associated LEGO Education app. The EV3 equipment allows for a program‐
mable module to be built into a range of models designed to undertake specific tasks.
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It was decided to use LEGO products as the assembly techniques of LEGO are relatively
simple and the equipment is designed to involve two people within the build and
programming processes. Furthermore, full instructions are provided by LEGO Educa‐
tion which encourage discussion and problem-solving during both the build and
programming stages of the activity.

Table 2. Project content and expected outcomes in extension project.

Session Content Expected outcomes
1 Robotics

Introductions
Initial outline of project
Children and parents work on the initial build
of the basic robot:
• Build guides are provided
• Photographing the process at each stage
• Staff to provide support and advice

Parents and children work together to build the
initial robot
Following instructions:
• Solving any problems or issues
• Talking about and evaluating their models
• Recording of the process

2 Robotics - Programming
Using the model built last week, begin to
experiment with the programming application.
Key commands should be:
• Directions
• Distances
• Loop statements
• Develop single commands into algorithms

This session will involve lots of trial and error
as each pairing develops instructions intended
to control their robot. Particular outcomes
should be:
• Fewest commands
• Shortest routes
• Algorithms which loop
• Saved sequences
Each pair will be encouraged to film their
robot’s final program

3 Robotics - “Top Gear Pointless Challenge”
A series of challenges will be set up in order to
programme and control the model around a
specific course. Navigating around the course
will require accurate algorithms and “points”
will be awarded and deducted for speed and
accuracy

Apply previous learning in order to solve a
range of challenges:
• Problem solving skills
• Speaking and listening skills
• Accurate computer programming and
measuring of time, distance and speed

4 3D Design - Sketch Up
Use of Google Sketch Up to produce a 3D
design in preparation for a 3D model. The
design could be for something at home or a
modification to their robot or an artefact relating
to a school topic or project

3D design and online modelling skills:
• Precise measurements
• Visualising models
• Problem solving and speaking and listening
skills
• Software skills (rotation, reflection,
perspective, etc.)

5 3D Printing - Makerbots
Using the activity from last week, the designs
will be 3D printed in order that the children can
take them home. Designs will need to be
evaluated in order that they can be printed, e.g.
all points must meet, no free-standing parts, etc.

The 3D printers will accurately print the model
as designed so each pair will need to spend time
discussing the integrity of their model to ensure
that the printer can build up the model in layers:
• Visualisation skills
• Problem solving
• Editing and correcting issues as they arise
during the process
• Personal resilience
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The Learning Technologies Team provided both the equipment and the iPads needed
to undertake the tasks and were very much seen as facilitators during the project; helping
with the build process and also offering initial and ongoing support during the program‐
ming process, although due to the nature of the icon-driven app, very little initial training
was required.

Two new projects are planned to be delivered during the late spring and early summer
of 2016, with a slightly amended model, designed to extend further some of the skills
associated with three-dimensional (3D) design and printing. The project content and
expected outcomes are shown in Table 2.

4 Methodological Approaches and Methods

The research adopted a case study approach. As Yin [26] says, “case studies are the
preferred method when (a) “how” or “why” questions are being posed, (b) the investi‐
gator has little control over events, and (c) the focus is on a contemporary phenomenon
within a real-life context” (p. 2). This was exactly the situation the researchers
confronted: they wanted to know how this project might be working and why it might
be successful or adopted elsewhere; they did not want to intervene within the project
activities as it was felt that these should be directed by the children working with their
parent or guardian; and the project was contemporary in nature within a real-life school
activity context.

The research questions that were identified at the outset were:

• How is this project working for children and their parents or guardians?
• What factors might suggest it could be adopted successfully elsewhere?
• How did children work with their parents or guardians?
• How did the activity fit within a school-based context?

Within this case study, three sites were involved, but the methods deployed to gather
evidence in each case were similar. Evidence was gathered through:

• Documentary records of the project run in each case.
• Reflections by project staff involved in each case.
• Discussions with teachers, parents and guardians and children in each case.
• Observations in one case.
• Video reflections from both parents and children.

5 Findings from a Multiple Case Study

In School A, four fathers and male guardians were involved in the four-week activity;
in three cases, the fathers and male guardians worked with their sons, and in one case
with a daughter. The four fathers and guardians came from different cultural and
employment backgrounds. One father was from the Middle East with an engineering
background, and three fathers and guardians were from the local area (with White British
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cultural backgrounds). The children were of different ages; the son of the Middle Eastern
father was 7 years of age, while the other children were 10 years of age.

The staff running the project, reflecting on the outcomes from across the four weeks,
reported that in week 1, fathers and male guardians tended to lead on the build activity,
discussing this with their children. In week 2, however, children tended to lead on the
programming, while in week 3 both parties tended to be involved equally. Discussion
generally between children and their fathers or guardians was found to be on task
throughout these sessions.

Observation of the activity in week 4 showed that fathers and male guardians and
children were working positively together. Early in the session, fathers and male guard‐
ians marked out the track that would be used for the race. The children tended to start
on the programming, taking particular care with the programming needed to move the
robots forward particular distances and to move them in different directions – using
estimations from their previous trial experiences, both in terms of distance of travel and
of angles of change of direction, using trial and error to amend and revise these details
in other cases, and adjusting their robots until their movements were matched to their
requirements. The ways in which the children and parents or guardians worked together
differed in some respects. In one case, the father/guardian looked at instructions for the
programming, while the child did the programming. In another case, the father/guardian
did the programming, and in this latter case, the child had showed the father/guardian
how to do the programming the previous week. He stated that he had no previous expe‐
rience with programming until he encountered it in this project; additionally, he indi‐
cated that he enjoyed the opportunity to engage with this form of activity, however.

Discussions with the fathers and male guardians highlighted how the form of the
activity had engaged them positively in working with their children and in coming into
the school. One father described how he remembered using Big Track in the past, when
he was at school. He remembered that buttons needed to be pushed a number of times
to direct a robot to move it forward a certain distance. He indicated how he had used
this past experience in the current context, and how he had started to apply his experience
to the programming he had undertaken the previous week. Other fathers also indicated
how their previous experiences and interests had affected their engagement with this
project. One parent said that he enjoyed activities that involved building, so had come
along as his son also enjoyed this form of activity. Another father indicated how he had
a long history of building, using Meccano and Lego. He said that this, coupled with a
personal invitation from a teacher, had influenced his decision to come along. Another
father indicated how he felt the activity would enable him to spend time working together
with his child. Evidence from these fathers and male guardians indicated that these
parents were more willing to participate in these school activities, and they referred to
the project as a catalyst.

Since this initial project was completed, two further cohorts of parents and children
in this school requested to be involved and they formed cohorts for revised projects
(outlined in Table 2 above). The school also identified funding to establish a LEGO
Innovation Centre, which will be used both within curriculum time to support lesson-
based activities, but will also be available for ‘family learning’ and extra-curricular
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activities. An additional by-product will be the availability for use of the Centre for staff
professional development (within the school and more widely, sub-regionally).

In a second school, School B, five children were involved; three fathers and male
guardians worked with their children (one girl and two boys), while two mothers and
female guardians worked with their children (one boy and one girl). As in the case of
School A, teachers had specifically targeted these parents and guardians, as they were
seen less in the school than other parents and guardians.

In this school, the project staff observed a high level of engagement of both parents
and guardians and children. Again, children and their parents or guardians tended to
work collaboratively by using their respective strengths and previous experiences.
Overall, it was recognised that those who were strong builders were not the strong
programmers. Interestingly, the strong builders tended to be the parents and guardians,
while the strong programmers tended to be the children. Clearly this pairing provided
an ideal grouping for shared and collaborative endeavour. It was also reported that in
this school (School B) the pairs had managed to get further with the programming, while
children were less successful and less quick in School A. It was felt that part of the reason
for this might have been due to changing to use of iPads in School B, allowing Bluetooth
connectivity to be used to support more rapid testing of the effects of revised program‐
ming. With Bluetooth, the effects of programming could be seen more quickly. Trial
and error, therefore, could be used more effectively, with less time happening between
each successive trial.

Since the project, the school (School B) has gained from increased involvement from
the parents and guardians. This is explained by school staff, both in terms of increased
confidence when talking with staff in school, and in terms of greater comfort arising
from their beliefs that the school values their involvement in their children’s education.
In addition, the school has seen the benefit of ‘family learning’ activities and is planning
further projects and sourcing funding to develop a Family Learning Centre with asso‐
ciated resources and staffing.

6 Discussion

This project meets some the requirements of the current national curriculum for
computing in England [27]. Indeed, the role of computing in developing creativity and
problem-solving skills is not only highlighted as needs within that national curriculum,
but is also highlighted by Lego as outcomes that can arise when children use these
technologies [28].

However, this project goes beyond meeting the needs of a national curriculum, or
even the needs for supporting the development of creativity and problem solving. It does
this by adding an important social dimension – enabling fathers and guardians to work
with their children in ways that both parties are contributing to a collaborative
endeavour. It is not necessarily possible for the children or their fathers and guardians
to know exactly which elements they contributed to the final solution; but they can be
proud of the fact that they have both contributed, perhaps children more on the program‐
ming side and fathers and guardians more on the build side.
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From a school point of view, parents and guardians they see less in the school are
encouraged through this activity to attend, and to work with their children. This builds
their relationships and options for further participation.

An essential bi-product of the project has been the recognition of the importance of
educational skills beyond those traditionally associated with parents and children
working together (reading, learning spelling-lists, phonic practice, traditional homework
activities, etc.). This is important as it heightens the awareness of the ‘softer skills’ of
problem-solving, collaboration and discussion, rather than just the completion of a task
set by the child’s teacher. It follows, therefore, that parents and children increasingly
see the value of such skills and are more often able to apply them to their more traditional
homework activities.

Clearly, there is a requirement for schools to make an initial investment in equipment
and staff training; however, it is clear that the initial financial investment can reap
significant returns, both from an engagement perspective but also from an increase in
attainment within the computing curriculum. Clearly, additional research will need to
focus on broader attainment measures.

7 Conclusions, Implications and Recommendations

In terms of the research questions highlighted at the outset:

• How is this project working for children and their parents or guardians? Evidence
indicates that this was a successful project: children worked positively and were
engaged with their parents or guardians; they discussed and worked together to
develop a collaborative outcome; they all achieved success in building and program‐
ming; they developed skills that met the needs of the national curriculum; and they
developed practices that they could adopt elsewhere, including at home.

• What factors might suggest it could be adopted successfully elsewhere? The children
and parents and guardians in these schools came from what can be considered to be
‘ordinary’ backgrounds. If this activity works in this context, then it may well work
in other contexts. Parents and guardians who were targeted did come into school,
they worked with their children, sharing their skills and understanding, and contrib‐
uted positively to the outcomes.

• How did children work with their parents or guardians? Children worked positively
and were engaged with their parents or guardians; they discussed and worked together
to develop a collaborative outcome; they contributed particularly in terms of
programming; they developed skills in this respect that met the needs of the national
curriculum; and they used creative and problem-solving skills to address challenges
that they met.

• How did the activity fit within a school-based context? In terms of the school-based
context, this project worked positively. Parents and guardians were encouraged to
come into school, and the school could look to develop participation with these
parents and guardians beyond this activity.
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There are clear implications:

• Schools need to recruit cohorts and could, in some circumstances, target particular
ethnic groups, age groups, socio-economic groups, etc.

• Schools need to invest in both equipment and staff time (or use a local support team
with sufficient resources to deliver the projects – as in the case of the Learning Tech‐
nologies Team in Wolverhampton).

Recommendations for policy, practice and research are:

• For policy, evidence of the impact of parental engagement on children’s learning is
clearly argued; therefore, funding should be made available for schools to initiate
such schemes.

• Greater importance should be placed on the ‘softer skills’ of collaboration, problem-
solving and resilience within curricular contexts.

• There should be formal accreditation for both children and parents who complete
such projects and also for schools who are willing to commit to a culture of family
learning.

• For practice, there should be greater opportunities for parents to become involved in
their children’s learning within the school day, for example, with mathematics,
reading, science days or lessons, where parents are encouraged to work alongside
their children. Too often parents only attend school during curriculum time for cele‐
bration events rather than to be involved in the processes leading to that celebration.

• Programmes focusing on skills deemed to be essential for employment within
shortage areas within localities, for example, engineering and computing skills,
should be developed further.

• For research, there should be opportunities for a wider research agenda to investigate
regional variations, for example, across the UK and Europe, focusing more specifi‐
cally on attainment outcomes.

• Opportunities focusing on the contribution of softer skills to academic outcomes.
• Future employment opportunities for parents undertaking this form of project and

other family learning experiences.
• The impact of LEGO Educational and Scratch-like activities within a national curric‐

ulum context.
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Abstract. The use of block-based visual language in introductory pro-
gramming is a popular method in education. However, there is little
research which provides evidence showing advantages of block-based lan-
guage. This paper presents the results of learning data analysis with fine
grain logs recorded by students’ development environment where the stu-
dents can select their language in block-based or Java. A total of 400+
students’ logs collected each of four years were analyzed. The results show
that migration from Block to Java can be consistently seen each year,
although the whole block-editing rate was influenced by the method of
the instructor’s introduction. Though block-editing did not affect work-
ing time and Lines of Code (LOC), it could reduce the compile error
correction time, whereas using Java requires approximately 20% of com-
pile error correction time for students. We concluded that block-based
language worked to encourage students to focus high-level algorithm cre-
ation, as well as it provides an advantage to understanding text-based
language.

Keywords: Programming education · Block-based language · Learning
analytics · Working time analysis · Compile error analysis

1 Introduction

The body of introductory programming is not to develop an understanding of
the grammar of particular programming languages, but it should develop the
problem-solving skills with computing that is called “computational thinking” [1].
The similar concept has been proposed by the United Nations Educational, Sci-
entific and Cultural Organization (UNESCO), as “designing a task-oriented algo-
rithm” [2]. Both statements include common sense. One is to focus on the thinking
and creation of algorithms. Another is that computing is not only dependent upon
the use of actual computers, but logical modeling for the required problem-solving.

A use of visual language, especially “building-block approach” [3] is the most
popular way to form the learning environment for the purpose of education.
Many block-based languages for education have been proposed over more than
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two decades, and yet developers continue by trial and error to improve the lan-
guage using modern software technology. The first workshop specifically block-
based language focused was held in the last year (Blocks and Beyond in Visual
Languages and Human-Centric Computing (VL/HCC 2015) [4]). The workshop
was able to collect a remarkable number of submissions, the participants dis-
cussed the design of the next generation of block-based language, including the
topic of how to design the tools as a bridge to text-based language (e.g. [5,6]).

However, as the workshop stated “Despite their popularity, there has been
remarkably little research on the usability, effectiveness, or generalizability of
affordances from these environments” [4], there is little research which provides
evidence showing advantages of block-based language. Practitioners using visual
programming languages believe that the visual programming approach is an
effective way in developing computational thinking because learners can focus
on their problem-solving tasks [7]. The block-based language should be used as
scaffolding to text-based language. However, the belief is not verified, and the
percentage of degree is not clear yet.

Hence, we tried learning data analysis with fine grain logs recorded by
students’ development environment. We conducted the introductory education
using the tools we developed, where the learners can switch their language
between visual-block language (Block) and one for a text-based language (Java)
by bidirectional translation technology. The data analysis was conducted mainly
using the data of time students spent. These include amount of total working
time, the time using block-editor, the time of compile error correction. The tile
representation of each student shows gradual migration to Java on their own
schedule, and reducing compile error correction time shows the success by focus-
ing on high-level algorithm creation.

2 Related Work

There have been many reports of using block languages for introductory pro-
gramming education [8,9], as well as reports on the development of new block
languages [10–14]. Researchers agree that block-based languages feel familiar to
beginners, however they are not a standard for use in introductory programming.
Not a few researchers/practitioners claim disadvantages of block-based language,
particularly that block-based language is different from common practical lan-
guages used in industry, so that students have difficulty in moving to text-based
programming after their introductory programming course.

Hence, which text-based or block-based language we should use in introduc-
tory programming is still an unsolved theme in this field. Lewis et al., conducted
direct comparison using Scratch and Logo [15], however, their results were very
limited to illustrate the advantage of block-based language. Matsuzawa et al.
demonstrated gradual migration from block-based to text-based language using
a bidirectional translation system [16]. Although the limitation of the study is
that they showed only trajectory of their working time, they demonstrated the
capability of transition to text-based language from block-based language.
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From the viewpoint of tool proposition, a rich number of tools have been
proposed on migration from block-based languages or text-based languages, and
it is still growing. Pasternak [17] proposed offering the ability to translate a
program written in Block to a program written in Java. Google Blockly [14] can
be translated into multiple languages (e.g., into Java-script or Python) from its
block representation. In 2012, Dann et al. tackled the problem of figuring out
how students can transfer their knowledge of Alice3 (a block-based language)
to Java programming, and they reported that experience with a block language
behaved as a helpful scaffolding for students learning to program in Java [18].

The present research projects are attempts to raise the “ceiling of program-
ming” up to practical programming levels. One approach is to raise the ceiling
of block-based language. Harvey et al. [19] proposed a functionality they called
BYOB (“Build Your Own Block”) in Scratch. This functionality expands the
descriptive capabilities of the block language. The purpose of the project is to
support a block language suitable for a wide range of users, from beginners to
professionals. The developers of Scratch and Squeak are currently working on
a GP project [6]. GP will be the first block-based language written by itself,
where learners can explore the entire software system by the level of learners’
interest. It means the tool will provide an open-ended, no ceiling environment,
where either text-based or block-based is merely one of the representations.

Another approach is to promote migration from block-based to text-based
language by making educational scaffolding on the tools. The most popular
approach is considered to develop language translation systems. Warth et al.
proposed a bidirectional translation system, “TileScript”, between a block lan-
guage and JavaScript [20], although that research verified only that the techni-
cal requirements could be met to implement the prototype system. Matsuzawa
et al. demonstrated a mutual translation between Block and Java [16]. Similar
attempts are growing a variety of languages. BlockPy [5] is designed for educa-
tion in Python. PencilCode [21] is specially designed for migration to text-based
language using modern Javascript technology.

Improvement of the editing environment of text-based language is another
approach. One distinction of the BBC micro:bit project described above is
providing an intermediate layer of editing system called TouchDevelop, which
provides some scaffolding for text editing and, is designed for the migration
to text-based language. Homer et al. proposes Tiled Grace, which is a tiled
representation of Grace and, was an originally designed text-based language
for education [22]. Kolling et al., who is the founder of GreenFoot, proposes
the “Frame-Based Editing” [23] where the “frame” is added to support novices
with Java.

3 Method

3.1 Tool: Bidirectional Translation System

We conducted empirical studies in our introductory programming class over
the span of four years. The goal of the study was to evaluate the impact of
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Fig. 1. Bidirectional translation system between Block and Java.

introducing block-based language. In each year, we used a bidirectional transla-
tion system between Block and Java proposed in the previous study [16]. The
resulting environment has two interfaces, one for the (visual) Block language
and one for the textual Java language, as well as a system for bidirectional
translation between the two languages. Figure 1 shows the user interface for the
environment. All the students in our class were given the opportunity to select
the language they used to solve their programming assignments.

3.2 Research Question

In the previous study, Matsuzawa et al. demonstrated that learners would choose
to use Block first, which will act as scaffolding for learning programming, and
then learners will gradually migrate to Java on their own schedule. We expanded
the research to explore the further impact of the environment. The original two
research questions for this paper are as follows:

RQ1 Can the gradual migration nature be seen consistently every year, even if
some variables change (students, teachers, method of teaching, or tool func-
tionality)?

RQ2 Does the tool (BlockEditor) successfully encourage students to focus their
algorithm creation by removing compile error correction opportunity? If so,
how much wasted time can we save?

3.3 Educational Environment Descriptions

The introductory programming course was designed for art students, rather than
for computer science students. Therefore, the objective of the course was to
develop an understanding of task-oriented programming. The objective was inde-
pendent from any programming language, although Java language was used in
the actual environment. Approximately 100 students participated in this course
each year; two lecturers and six teaching assistants conducted the class.
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Because of RQ1, we conducted an action research. Actions taken each year
in our experimental course were listed as follows:

1st year (2012) The first year we started to use BlockEditor with the Block-
Java translation system.

2nd year (2013) Major improvements in BlockEditor were made, especially
the functionality of the variable scope indicator and the design of the block
for method creation. The improvement was made using the method calling
navigation system MeRV [24].

3rd year (2014) Main lecturer changed from the author of Block Editor to
a teacher who was from outside the research. The lecturer used Java using
sample codes, whereas the former lecturer used Block for explanation.

4th year (2015) Compulsory assignments using Block was reduced from 4
times to once. The opportunity for everyone to use Block was reduced.

3.4 Metrics

All the students’ activities in the development environment were recorded by
PPV (Programming Process Visualizer) [25], and the logs used to calculate met-
rics to analyze the learning process. We calculated five kinds of metrics as follows
for both RQ1 and RQ2.

Working Time (WoT) The working time for each assignment. It was calcu-
lated by summing up the time and excluding periods of longer than 5 min
with no user operation in the development environment.

Block Editing Working Time Ratio (BWT%) The ratio of working time
to block out of the total working time. We can assume students used Java
outside of BWT.

BWT% =
BWT (WorkingT imewithBlock)

WoT
(1)

Compile Error Correction Time (ECT) Compile Error Correction time
calculated by activity logs for each compilation error occurrence. Further
description will be provided below.

Compile Error Correction Time Ratio (ECT%) The ratio of compile
error correction time out of the total working time.

ECT% =
ECT

WoT
(2)

Lines of Code (LOC) Lines of Code for finally submitted assignment.

The technical description of the calculation method for ECT was provided by
this paper [26]. The difference in time between the error occurred and resolved,
will be calculated in a general case. However, sometimes multiple errors occur
or are resolved at the same time. For such cases, the system calculates by the
amount of time spent in error collection by the number of errors. An assumption
of the method is the difficulty of corrections is equal in every case.
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Table 1. Descriptive statistics for the calculated metrics.

Year #student #task BWT% WoT ECT ECT% LOC

2012 102 36 36.7(17.5) 47.9(15.8) 6.8(2.9) 14.3(4.7) 57.9(14.4)

2013 96 38 45.9(23.3) 51.7(25.3) 5.3(2.6) 12.2(4.6) 66.3(36.6)

2014 106 34 29.6(21.8) 44.6(14.4) 5.9(3.5) 14.6(5.9) 65.5(59.1)

2015 100 48 19.2(23.7) 43.4(15.5) 5.8(3.0) 15.1(5.5) 65.7(49.2)

Total 404 156 32.7(23.7) 46.8(18.4) 6.0(3.1) 14.1(5.3) 63.8(43.4)
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Fig. 2. Correlation table between 5 metrics

4 Results

4.1 Results of Statistics

Descriptive statistics for all calculated metrics are summarized in Table 1. For
each metric, the number shows the average of the value, and the number in
parenthesis shows the standard deviation of the distribution. The unit of value
for BWT% and ECT% is the percentage amount per hundred, for WoT and
ECT is minutes, for LOC is the number of lines, respectively. The average of
BWT% was 32.7 for all year, although the data for each year indicates the
variations in value. The total average of ECT% was 14.1. If we assume that
block can swipe ECT, and the fact of BWT%, we estimate the ECT% using
Java as approximately 20%.

We calculated Pearson Correlation for all combinations of the 5 metrics, the
results are shown in Fig. 2. The most significant result is BET% has a negative
correlation with ECT%, which clearly indicates the Block-editing was able to
reduce the compile error correction time. The results also indicate Block-editing
did not affect working time and LOC, which means that the quality of the
outcome by Block-editing is equivalent to the outcome by text-editing.
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Fig. 3. Grid representation of BWT% (Block Editing Rate) for each student.

4.2 Grid Representations

We created a grid representation of the rate of BlockEditor using (BET%) to illus-
trate the nature of the seamless migration from Block to Java. The representation
is shown in Fig. 3. Each column represents one task assigned to students, arranged
in chronological order from left to right. Each row represents one student; the rows
are sorted by course-average BET% with higher rows indicating higher average
use. Each cell represents the value of BET% for a particular student completing
a particular task. High-intensity color indicates a high BET%, and low-intensity
indicates an BET% of 0 (i.e., using only Java). We selected 36 tasks which were
mostly common for all four years, however three of the tasks selected were lacking
in 2014. The tasks can be seen as vertical white belts in 2014.

We can observe that the seamless migration both overall (by the number of
students who used Java in the class) and at the individual level for all 4 years
were consistent. A sudden drop of the whole rate could be seen in the middle
of 2012; however, it improved to a milder migration in 2013. As the class con-
tent involved introducing method/function, the improvement was caused by the
action of improvement of tool functionality, as we described in Sect. 3.3. Although
the pattern of gradation of migration can be seen each year, the entire density is
different; 2014 and 2015 are low-density. The density corresponds to the average
ratio of the year as shown in Table 1. In the classes of 2014 and 2015, we could
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Fig. 4. Grid representation of ECT% (Compile Error Correction Rate) for each student.

not observe any other difference with the exception of the actions described in
Sect. 3.3; the cause of the difference is influenced by the method of the instruction
by the teacher, and opportunities to use Block.

We created another grid representation using Compile Error Correction Time
Rate (ECT%). The representation is shown in Fig. 4. When we compare Figs. 3
and 4, we can observe that inverted illustration. This means the Block reduces
the compile error correction rate, the result corresponds with the result of statistic
correlation (Fig. 2) and our intuitive sense. Cells with high ratio focus on the latter
part of the class (right-side on charts), because more advanced grammar content
(e.g. Method/Function, collection) was introduced. Another significant result we
can observe is that the factor of task was bigger than the BET% in the past. For
example, the latter part of 2012 clearly illustrates that density of ECT% shows no
difference between the high BET% group and the low BET% group.

5 Discussion

RQ1 asked “Can the gradual migration nature be seen consistently each year,
even with some variable changes?”. The results were generally positive: we can
consistently see the migration nature. These results reinforced evidence that
a block language can successfully act as scaffolding for students learning text-
based programming. However, the factor of the method of instruction, especially
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which language is used in the explanation in the lecture affects the selection of
language. The impact can be calculated by comparing the lowest 19% of BET%
(2015) to the highest 46% (2013). The result indicate that not only the tools,
but also the educational design including the use of tools is important.

RQ2 asked “Does Block encourage students to focus their algorithm creation
by removing compile error correction opportunity?”. Both statistics and micro-
analysis using grid representations indicate that Block clearly eliminates compile
error correction time. The result itself is not surprising; however, it is not a small
thing that the research revealed the amount (approx. 20%) of overhead which
was wasted for compile error correction. We can eliminate 20% of overhead by
Block, also can reduce to 10% in mixture usage. Additional observation shows
that some students select Block-editing after being plagued with compile error
correction. Hence, we concluded that block-based language worked to encourage
students to focus on high-level algorithm creation.

The lack of direct evidence of the learners’ understanding is still a limitation
and requires further consideration. We believe that the results could reinforce
existing evidence to encourage teachers who use a block language in introductory
programming education.
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Abstract. At the core of this paper lies an overview of recent developments of
Austrian curricula issues in the field of digital education. It puts this important
part of educational governance into a broader perspective, comprising consider‐
ations about the nature of curricula. The coexistence and interdependency
between competence models, national curricula and educational standards are
elaborated, together with exemplary in-depth aspects of secondary digital educa‐
tion. After critical reflections about the continuing lack of a coherent and compul‐
sory digital education at lower secondary level, recent amendments of Austrian
informatics curricula for upper secondary level are presented and reviewed.

Keywords: Informatics · Curriculum · Digital · Competence · Educational
standards

1 Introduction

The Austrian school system encompasses elementary level (grades 1 to 4 from the age
of 6 years on), lower secondary level (grades 5 to 8), and upper secondary level (grades
9–12/13). Lower secondary level is divided into two types of obligatory schools, namely
New Middle School (NMS) and academic secondary schools (AHS), upper secondary
level is divided into AHS (grades 9–12) and vocational schools (BHS, grades 9–13).

Since the late 1980s, informatics education in Austrian schools has shown an incon‐
sistent picture especially at lower secondary level. Despite ambitious local, regional and
national interventions and initiatives, it lacks still cohesion, consistency and a sequenced
structure. Recently, the situation has changed insofar as a framework for digital compe‐
tences and informatics education has been developed. It should serve as a quasi-educa‐
tional standard. Schools and teachers are expected to achieve these standards of ICT
related knowledge and skills in a cross curricular way.

Upper secondary level provides all students from grade 9 on with obligatory and
elective formal IT/informatics lessons which depends on the particular type of school
(AHS or BHS). Since more than 30 years nationwide IT/informatics curricula defined
a defacto standard for the respective disciplines with different denotations and among
other subjects. Since the last decade, a general shift to competence and outcome
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orientation also affected IT/informatics curricula. Based on educational standards and
competence models curricula have been renewed and revised.

This paper can be seen as a mixture of a current country report underpinned with
some reflections on putting curricula issues into a wider context. Obviously (real) infor‐
matics education for all starts with grade 9, resulting from a poor curricular support at
lower secondary level. There are efforts to provide digital competences for all students
at lower secondary, but the competence model still lacks accountability and necessary
curricula for the particular grades and age-groups.

In contrast to vocational schools at upper secondary level where IT-related education
is obligatory, informatics at the AHS is, from grade 10 on, an elective subject with
assumed but not yet validated decreasing enrollments.

After looking at curricula in a general context, this paper outlines the current situation
in Austria about ongoing curricula issues within existing frameworks and competence
models in the age group 10 to 18/19 years.

2 Curriculum Issues in a Broader Context

A curriculum can be seen as a contract between society, politics and schools/teachers
about the way of organizing and providing sequences of learning experiences aimed at
producing desired learning outcomes. The curriculum reflects the kind of society to
which we aspire [1]. Another definition describes the curriculum as all planned learnings
for which the school is responsible and all the experiences learners have under the guid‐
ance of the school. Curriculum is the totality of learning experiences provided to students
so that they can attain general skills and knowledge at a variety of learning sites [2]. Put
in the simplest way, a curriculum is a course or plan for learning [3].

Fig. 1. Poster at Aga Khan Academy Mombasa, Kenya, 2011.

A poster of Kenya’s Institute of Education, which I photographed in front of the Aga
Khan Academy in Mombasa during the IFIP conference “ICT and Informatics in a
Globalized World of Education” in August 2011, demonstrates the importance of
curricula issues especially in Kenya at that time. Moreover, it indicates that a curriculum
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is more than just written paper. As shown in the poster, a curriculum implies other
educational areas, including the “core functions” as carrying out orientation for stake‐
holders, providing curriculum materials, teachers’ training, media programmes and
evaluation issues.

Curriculum issues and curriculum reforms cannot be judged without looking at the
educational system, educational governance and the socio-cultural background, and as
mirrored in the model, its range of influence.

For some years, in many countries curricula are interwoven with competence models
and educational standards. Not least due to the disappointing results of international
comparative studies such as TIMMS and PISA about 15 years ago, educational experts
in many countries brought up the idea and concept of outcome orientation and educa‐
tional standards.

3 Competence Models and Educational Standards

Educational standards can be regarded as precise and binding expectations in terms of
competence attainment of the learners. The trigger and rationale for competence orien‐
tation not only in Austria, but in other European countries as well, was the need for
comparing education systems. The EQF (European Qualification Framework [4]),
published in 2008, put this idea into a relevant and influential document. Acting as a
translation device to make national qualifications more readable across Europe, it has
the potential to relate different countries’ national qualifications systems. Although the
EQF is voluntary and the member countries are not obliged to cross reference their
frameworks, Austria’s vocational school system has been strongly influenced by it and
adopted its ideas from its release in 2008 on.

In 2011 the Federal Ministry of Education, Arts and Culture released competence
models and defined educational standards for all subjects. Exemplarily, the competence
model for Applied Informatics in the BHS is shown in Table 2.

Based on this competence model, new curricula have been developed. They represent
more or less educational standards which consist of detailed descriptors as chunks of
learning objectives. Each of these descriptors is assigned to one blank cell in Table 1.
These new curricula are formulated with strict competence orientation [5]. Additionally,
the syllabi (list of descriptors) from grade 10 onwards are split into modules for every
semester. Accordingly, assessment takes place on a semester basis. Students get

Table 1. Competence model for Applied Informatics for vocational schools
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semester reports with qualifications and rights which were previously reserved to year-
end reports [6].

Due to an Austrian common agreement on competence orientation among education
experts, not only vocational schools had to switch from input-oriented educational plans
to an outcome-oriented approach, but also lower secondary and upper non-vocational
education as provided by NMS and AHS. As a consequence, two competence models
have been developed.

Finally, the framework for Digital Competence and Basic Informatics Education
(left table in Table 2) for lower secondary level has been published in 2011 [7]. It consists
of four main categories and four content areas and 70 “I can …” descriptors. Many
sample tasks have been developed to illustrate and concretize the expected objectives
and competencies within the Austrian project “DIGIKOMP” and the campaign
“No child without digital competence” [8, 9]. It is worth mentioning that this competence
model for lower secondary education, in contrast to other traditional subjects, has been
developed without referring to an existing respective national core curriculum.

Table 2. Competence Models for General Secondary Education (grades 5–12)

One function of this model is to provide schools with guidance for implementing
educational objectives. These can serve as a road map for policy makers, teachers, pupils
and parents as well. A second is to form a basis for assessing educational outcomes in
terms of widely accepted objectives [9, 13]. The competence model and its objectives
can also provide an orientation for individual diagnosis and supplementary support
measures.

Although there has been a broad agreement and commitment for “No child without
digital competences” among many stakeholders, the challenge still remains to turn these
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designed ideas in the form of a competence model into a set of teaching practices. This
will require much effort in terms of pre- and in-service training and the readiness of
schools and teachers to achieve this goal.

One current approach, especially in the NMS, is a planning grid where teachers in
all disciplines are invited to carry out selected and prepared tasks. By now, more than
200 sample tasks and assignments have been developed by teachers. They are published
under a CC license on an official website [9]. Each task provides a range of variable
learning objectives of the competence model. It is up to the teachers to find good
progression pathways to cover as many learning objectives as possible.

Among many experts in Austria there is a concern that this cross curricular approach
without a sequenced curriculum for the grades 5–8 and without a respective subject in
its own right cannot be successful. A commissioned evaluation conducted by the
Austrian educational institute BIFIE [10] could give an answer.

In the past and currently, still many schools in Austria offer formal IT and informatics
lessons on an elective level and based on autonomous curricula. Together with a half-
hearted implementation of DIGIKOMP (for lower secondary education) this leads
necessarily to an undesirable patchwork and thus to an institutionalized digital gap
between schools and pupils at an age of 14 years.

One key challenge in Austria’s educational system is definitely to be clear about the
necessity of a systematic and curricular-based implementation of digital competence for
all pupils at lower secondary level.

4 Curricula for Upper (General) Secondary Education

4.1 Curriculum for the Obligatory Subject Informatics in the 9th Grade

Secondary academic schools (AHS, Gymnasium) provide a broad general secondary
education at pre-university level for grades 5–12. Since the late 1980s, informatics has
been compulsory in grade 9 and elective in the grades 10–12. Due to a major reform of
the school leaving certification process (Matura) in 2015, there is a need for new compe‐
tence oriented curricula, based on the existing competence model for upper secondary
level (right grid in Table 1). Its similarity with the competence model for lower secon‐
dary level is obvious and intended. There are only a few changes in denotations which
indicate the shift from digital competence (IT literacy) and ICT at lower secondary level
to informatics at secondary level. This model consists of four categories, each further
divided into four independent areas. Eighty descriptors in the form of “I can …” state‐
ments describe the competences, providing more detailed information about the objec‐
tives and the corresponding topics and serving as the basis for the new competence
oriented informatics curriculum in the 9th grade. This should provide teachers and
students with a comprehensive and clear picture of informatics.

The competence oriented curriculum for grade 9 which is an amalgam of the old
curriculum of 2003 [11] and the competence model in Fig. 1, is in review for approval
and will be enacted from the school year 2016/2017 on. Its subject matters and compe‐
tencies (Table 3.) mirror the competence model in Table 2. Considering the fact that
there are only two hours of lessons per week, it covers a very wide range of contents.
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For many pupils aged 15 years this is the first contact with formal informatics lessons.
Therefore, it may be questioned if the broad content including many objectives of this
curriculum is overloaded.

Table 3. Contents of the curriculum in grade 9

Informatics, Human and Society
- Students describe the importance of computer science in society, evaluate its impact on
individuals and society and examine exemplarily the advantages and disadvantages of
digitalization
- They take measures and apply legal principles related to data security, privacy and copyright
issues
- They describe and evaluate the development of computer science
- They know professions related to Informatics and applications of Informatics in various
occupational areas
Informatics Systems
- Students describe and explain the structure of digital devices
- They explain the functionality of informatics systems
- They explain the basics of operating systems and handle graphical user interface and utilities
- They describe the basics of networked computers
Applied Informatics
- Students use standard software for communication and documentation as well as for the
creation, publication and multimedia presentations of their own works
- They apply standard software for calculating and visualizing
- They know the basics of information management and use suitable software for the organization
of their learning
- They can explore sources of information, systemize, structure, evaluate, process digital content
and apply different representations of information
Practical Informatics
- Students explain terms and basic concepts of Informatics and put them into context
- They understand, design and represent algorithms and implement them in a programming
language
- They explain basic principles of automata, data structures and programs
- They use data bases and design simple data models

Each intended curriculum is at first sight a theoretical plan which has to be imple‐
mented and achieved in practice. A pilot study about the contents taught in four elected
schools has been conducted in the school year 2013/2014 and yielded interesting
insights. The data were collected after an informed consent of the schools from the
central database of an Austrian wide digital class register. Most academic secondary
schools have outsourced the documentation of taught contents. Teachers have to record
the subject matter they teach each week. Therefore, this central database provides a rich
source of data which can be compared to the specification of content in the respective
curriculum.

The word cloud (Fig. 2) gives an impression of the subject matter covered (or at least
recorded as covered) by informatics teachers. It is striking that there is very little
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programming or databases. Standard software widely dominates the content. Although
the sample of data is very small and needs to be extended to yield valid results, the
assumption that informatics in grade 9 is mainly application driven has been confirmed.

Fig. 2. Contents taught in informatics lessons in grade 9 of four Austrian schools.

At this point it is opportune to point at different views on curriculum levels. The
intended curriculum is content specific by the state, district or school to be addressed in
a particular course or at a particular grade level. The implemented curriculum is content
actually delivered by the teacher, and the attained curriculum is actually learned by the
students [12].

Table 4 illustrates the long way from the intended curriculum to its way into the
brains of the learners where effective curricula with the status “attained” leave something
magic called “competence”.

Table 4. Typology of curriculum representations [17]

INTENDED Ideal Vision (rationale or basic philosophy underlying a
curriculum)

Formal/Written Intentions as specified in curriculum documents/
materials

IMPLEMENTED Perceived Curriculum as interpreted by its users (especially
teachers)

Operational Actual process of teaching and learning (curriculum-
in-action)

ATTAINED Experiential Learning experiences as perceived by learners
Learned Resulting learning outcomes of learners

The analyzed empirical data in the word cloud in Fig. 2 can be unambiguously
assigned to the implemented and perceived curriculum. It shows how the teacher in
grade 9 interprets the curriculum, but it does not tell us anything about the attained
curriculum and the learning outcomes of the students.

These measurable learning outcomes are at the core of the idea of competence orien‐
tation. This is represented by the top dimension “consequences” of the Darmstadt Model,
whereas the operational and experimental stage can be subsumed under the “decision
area”, the “battle zone” in the class where the curriculum meets the students in concrete
lessons.
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4.2 Informatics from Grade 10 to 12 as an Elective Subject

Influenced by the Austrian vocational education system, all curricula including the elec‐
tive subject informatics for grades 10–12 in the AHS (Gymnasium) have undergone
revisions. After an evaluation process the revised informatics curriculum will be imple‐
mented from the school year 2017/2018 on in grade 10, affecting the teaching and
learning plans for all students who will choose this subject then.

A newly designed competence oriented oral final examination (so-called Matura)
has been implemented and were conducted for the first time at the end of 2014/15 [13].
Oddly, these competence oriented exams took place before the new competence based
curricula had been enacted. Despite these obvious formal deficiencies (“old curriculum
and new Matura”), a nationwide cursory evaluation of the oral Informatics Matura
yielded no obvious problems. Apparently, the competence model [11] sufficed as a
reasonable basis and the old curriculum which has been implemented in 2003 is without
constraints. It comprises eleven different topics, without any further specifications when
and to what depth to teach the following broad topics:

Basic principles of information processing, concepts of operating systems, construction and
operation of networks, databases, learning and work organization, concepts of programming,
artificial intelligence, expansion of theoretical and technical foundations of computer science,
basic algorithms and data structures, computer science, society and the world of work and legal
issues.

Teachers are currently responsible for the selection and sequencing of these topics
in combination with appropriate software tools. Together with the competence model,
these topics serve as the basis for the oral Matura.

Readjusting curricula for the sake of alignment with the new Matura is just one reason
for the recently revised informatics curriculum. The other one is a further reform ahead,
namely “Modularization” in analogy to the reform in the BHS. This means also for the
AHS that all syllabi including informatics from grade 10 onwards have to be split into
modules for every semester, and assessment will take place on a semester basis similar
to the practice at university level.

The replacement of the old curriculum with the significantly new one has been
accomplished recently and waits for approval. Its implications for teachers and students
will be substantial. The freedom of planning lessons for three years with broad topics
will be replaced by six semesters with preset learning objectives and self-contained
modules. Table 5 shows the proposed distribution of content areas. The numbers in
brackets indicate the number of descriptors which put the learning objectives into more
concrete terms.
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Table 5. Distribution of content areas on a semester basis.

All 16 main content areas from the existing competence model in Table 1 are repre‐
sented. Algorithms, data structures and programming (ADP) can be found in all semes‐
ters with 16 out of 71 descriptors, covering a constitutive part of informatics. The topic
databases (DBS) with 4 descriptors is provided to be taught only in the first semester of
grade 11.

Actually, this proposed curriculum is essentially a rearrangement of the competence
model and its content areas and learning objectives into 5 semesters. The last semester
in grade 12 is intended to serve for integrating and repeating the subject areas.

The next years will prove if and how this loss of freedom for teachers in planning
informatics lessons throughout three years will be commonly accepted.

5 Discussion

Curriculum issues play a very important role in any educational system, in particular
with respect to informatics education. In contrast to other traditional disciplines and due
to a comparatively new and still dynamic and fuzzy field, the challenges now and ahead
are considerable.

“Given the importance of informatics as the scientific and engineering basis for the information
society, and the ubiquitous political discourse about the importance of innovation, high tech‐
nology and IT, one might expect that informatics education would by now have found its natural
place in the curriculum of industrialized countries, particularly in Europe. Unfortunately, and
paradoxically, this is not the case. In fact, informatics education has retreated in most European
curricula since pioneering efforts in the 1970 and 1980s”.

This citation from Informatics-Europe [15] can be applied in particular to the
Austrian situation. From the perspective of experts, it expresses concerns about the
insufficient representation of digital education at all levels of school education except
for special areas of vocational education. However, the next years with approved new
curricula, accompanied by professional teachers training and appropriate teaching mate‐
rial, will be a challenge.

Seen from a more general and abstract point of view, there is evidence that a certain
“vocationalization” of general school curricula not only in the field of informatics takes
place [16], a phenomenon which is also addressed in this paper. The shift of from
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education (in German “Bildung”) to an unconditioned and maybe exaggerated compe‐
tence orientation, to a sort of “utilitarism” and a loss of teaching freedom are increasingly
discussed by some teachers and education experts.

Finally, some questions are still up to discussion. Who controls and influences the
expert groups who develop models and curricula? Who is in charge for the implemen‐
tation, and above all, how it is ensured that the enacted models, curricula and educational
standards correspond with the teachers’ expectations and students’ attainments? Obvi‐
ously, these questions also apply to traditional subjects. With respect to informatics and
digital education, we should be, in the first place, so modest to agree at least on a widely
accepted balanced curricular coverage of secondary education.
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Abstract. In this paper, we describe the results of a thorough analysis of 44 K12
computer science curricula and standards documents conducted as part of an
ongoing research project aiming at the development of a competency structure
model and measurement instruments in the field of object-oriented programming
(OOP). The curricula analysis builds upon a first model draft derived theoretically
from a literature analysis in prior work. The model draft is 4-dimensional and
consists of the four competency dimensions (1) OOP knowledge and skills,
(2) Mastering representation, (3) Cognitive processes and (4) Metacognitive
processes. We used these dimensions and the belonging sub-dimensions as a
coding scheme and coded competency facets concerning OOP contained in the
curricula and standards documents using the method of qualitative content anal‐
ysis according to Mayring. This way, we could firstly successfully prove the
curricular validity of our model draft and secondly, after a step of paraphrasing
the identified competency facets, use these descriptions to initiate the process of
item development to operationalize our competency model draft.

Keywords: Competency modelling · Item development · Competency
measurement · Object-oriented programming · K12 education

1 Introduction

One of the current trends in educational research is the defining and measuring of
learning outcomes in terms of competencies [1, 2]. Besides various competency model‐
ling approaches in different disciplines in Germany (e.g. [3–5]), on an international level
a lot of research has been performed in the context of the Programme for International
Student Assessment (PISA) by the Organisation for Economic Co-operation and Devel‐
opment (OECD) which – since the year 2000 – focusses every three years on compe‐
tencies in the areas of mathematics, science and language. Formerly defined post-hoc
(e.g. [6]), the assessed competencies now rely partly on empirically founded competency
models [7]. The results of these regular assessments are used to compare the educational
levels of different countries or federal states. An expertise which analysed the
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“shocking” results (at least from the German perspective) of the first PISA studies under
consideration of the different national educational systems came to the key conclusion
that those countries performed best which oriented their educational systems at the
intended learning outcomes [8] (and not at detailed curricula as before) and recom‐
mended (besides other aspects) the development of empirically founded competency
models for all educational fields.

Concerning computer science education (CSE), the demand for competency models
is still up to date. Although different normative models have been developed as educa‐
tional standards in the past years (e.g. [9, 10]), empirically founded competency models
in the CSE field are still rare (e.g. [4]). So, we have started a project to develop such a
competency structure model and appropriate measuring instruments for the field of
object-oriented programming (OOP), which is widely included in many K12 computer
science curricula worldwide. The long-term goal of this research is to develop instru‐
ments to compare the learning outcomes in the CSE field nationally and internationally
between different student populations.

2 Background and Related Work

2.1 On the Concept of Competency

In the context of competency modelling and assessment the term competency is often
used according to the definition of Weinert. In his expertise for the OECD [11] he defined
competencies 2001 as “the cognitive abilities and skills possessed by or able to be
learned by individuals that enable them to solve particular problems, as well as the
motivational, volitional and social readiness and capacity to use the solutions success‐
fully and responsibly in variable situations”. Despite the awareness that metacognitive
factors can have major impact on learning results, these aspects of competencies are
quite difficult to assess. Hence, Klieme et al. used a more economic definition in a priority
programme of the German research foundation on competency modelling by defining
competencies as “context-specific, cognitive dispositions of achievement which are
functionally related to situations and requirements of certain domains in the sense of
specific learning and action fields” [12]. In this context, competency models are used to
describe the cognitive dispositions that learning individuals need to solve tasks and
problems in a specific content or requirement area. Klieme et al. distinguish between
modelling the structure, the level and the development of competencies in corresponding
competency models [1]. Schecker and Parchmann [13] distinguish between normative
(which describe the behaviour learners should show after a specific period of education,
usually found in educational standards) and descriptive competency structure models
(which describe the cognitive processes that occur in specific learning situations).

2.2 The COMMOOP Project

Our project COMMOOP aims to develop a normative competency structure model
[1, 13] and appropriate measurement instruments for beginners, such as secondary
school or undergraduate students, in the field of object-oriented programming (OOP).
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We started by reviewing existing literature on competency modelling in other subject
areas (such as mathematics, science, humanities, arts, computer science and problem
solving) regarding the development methodology as well as the model structures (for a
detailed description of this process, see [14]). We identified the areas of knowledge
structures, content representation, cognitive processes as well as metacognitive influ‐
ences as common, recurring structural elements, and verified, expanded and refined these
based on an extensive literature analysis on theoretical and empirical studies on teaching
and learning as well as on psychological aspects in the field of OOP. As theoretically
derived candidates for potential competency dimensions we identified:

1. OOP knowledge and skills
1.1. Data structure (graph, tree, array)
1.2. Class & object structure (object, attribute, association)
1.3. Algorithmic structure (loops, conditional statement)
1.4. Notional machine (data, working memory, processor, statement, program,

automaton)
2. Mastering representation (language, syntax, semantics)
3. Cognitive process

3.1. Problem solving stage (understanding the problem, determine how to solve the
problem, translating the problem into a computer language program, testing
and debugging the program)

3.2. Cognitive process type
3.2.1. Interpreting (Remember, Understand, Analyze, Evaluate)
3.2.2. Producing (Apply, Create)

4. Metacognitive processes

The proposed dimensions span a multidimensional competency space. Each compe‐
tency candidate that is contained therein covers a certain subspace that is limited by
fixed values on some dimensions that can be assigned to this competency. For example,
the competency candidate “be able to program arrays in Java” might cover a subspace
that is limited by the following fixed values: 1.1 Array, 2 Java, 3.1 Translating the solu‐
tion in a computer program and 3.2. Understand and Apply. The remaining dimensions
might be covered in total by this competency. It has to be noted that, due to national
regulations of Java being one of the predominant languages in schools, our research will
first focus on this language.

The theoretically derived model draft was validated based on various competency
descriptions in terms of applicability and completeness. For this purpose, we identified
competency descriptions related to OOP in 44 computer science curricula and standards
from several countries and compared these with our model (see Sect. 3). In 2015, an
international working group at the ACM ITiCSE conference analysed 14 case studies
on K12 computer science education in 12 different countries, which resulted in 247
extracted competency descriptions. Out of these, 119 were related to programming and
could be fully integrated in our model. Finally, the structure model was aligned with the
results of a survey among 59 computer science teachers and teacher students on learning
difficulties. Their views on which skills and abilities someone needs, to become a
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competent programmer as well as their point of view on typical problems during that
learning process could be also fully integrated in our model.

During this process, we had to adjust our theoretically derived model only in minor
subsections (see Sect. 3).

2.3 Learning Metrics, Psychometric Models and Item Development

The discussion around coding to be the new literacy is vivid and the way to a proficiency
scale in computer literacy is in its first stages. In PISA the development of scales
followed six steps: (1) Identifying possible scales, (2) Assigning items to scales, (3)
Skills audit, (4) Analysing field trial data, (5) Defining the dimensions and (6) Revising
and refining with main survey data.

In a first step, we identified OOP as an important subscale [14]. Currently we’re
dealing with the construction of items as well as bringing them on their way to first field
trials. For this stage of development, a more functional concept of competency is
followed. This perspective is more interested in abilities to cope with challenges in
specific situations rather than in the generative and cognitive systems behind [15]. From
this background items have a single achievement threshold; the derived information only
distinguishes dichotomously between correct and incorrect answers. Thus, the Rasch
model can be applied to the raw data, in PISA a generalized form of the Rasch model
has been used [16].

The Rasch model is “the only model to date that provides the tools for approximating
objective reproducible additive measures in the human sciences.” [17, p. 8]. It follows
the concept that data conforms a reasonable hierarchy on a single continuum of interest.
The most important fact is the measuring of a single variable with a map of persons
(ξv) and items (σi) on the same scale, therefore the relationship between the participant
and the item is probabilistic. The resulting model can be regarded as a model of compe‐
tency levels. While those levels have already been regarded in the step of item construc‐
tion, they will be precised by the step of skills audit and the analysis of the field trial
data. At this stage numerical scores and terms of content, which describe what persons
who achieve a specific level know and can do, can be reported. The final assessment of
COMMOOP will be a computerized adaptive test (CAT), wherefore the Rasch model
is essential [18].

Generative and structure models are more interested in the components behind the
specific ability in a concrete item [1]. Modelling latent variables, like working memory
or intelligence, comes into the focus, which is mostly driven by cognitivism. These
models are rather the result of small experimental designs than of large-scale assess‐
ments. Modelling the cognition behind competencies is nowadays a challenge. One of
its fruits will be the improvement of intelligent tutorial systems (ITS) and the rise of
cognitive tutors. A pioneer of this type of modelling is John R. Anderson and his ACT-
R Theory [19, 20]. Anderson and his colleagues have realized different ITS considering
the cognitive limitations of the learner, one specific ITS is about learning to code in
LISP. At a later stage COMMOOP will regard cognitive models for code trainings. The
prior testing will combine the most promising items with different working memory,
intelligence and planning scales.
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3 Analysis of K12 Computer Science Curricula and Standards

A key step in our model development process (see Sect. 2.2) was a thorough analysis
of K12 computer science curricula and educational standards. Altogether, we analysed
44 documents (German and international ones) and extracted competency facet descrip‐
tions concerning OOP from them. We performed this step because of two main reasons:
first, we wanted to check the applicability of our theoretically derived normative compe‐
tency model draft by trying to assign the competency facet descriptions to the proposed
model categories to check and to ensure “curricular validity”. This was an important
step also in other competency modelling projects (cf. e.g. [3, 4]). Second, we wanted to
prepare the operationalization of our model draft by starting to develop test items suitable
to measure the competency facets found in the curricula.

Since we plan to measure OOP competency first in German schools, we included all
publically available computer science curricula of Germany’s 16 federal states as well
as national standards documents of the Board of Federal Ministers of Education and
Cultural Affairs and the German Informatics Association in the analysis. If a federal
state had different curricula e.g. for lower and upper secondary computer science educa‐
tion, we included both documents in the analysis. To ensure the applicability of our
model also in the international context, we also investigated important documents
published in English language by other nations, such as the “Computing at school”
curriculum (UK), as well as recommendations of international organizations, such as
the ACM/IEEE curriculum and the CSTA K12 standards. We included documents from
secondary and higher education, because we aim to model and to measure competencies
of programming novices regardless of the educational level.

Curricula and standards documents are usually highly structured documents, in
which intended learning outcomes are ordered e.g. by age level or by fields of the disci‐
pline (such as “algorithms” or “impact on society”). We used scientific definitions of
the term “programming” taken from the literature (e.g. [21–23]), extracted possible
search terms from them, such as “writing” and “implementing”, and searched each of
the documents for the sections, in which relevant OOP competency facets were located.
Within these sections we performed a qualitative content analysis (QCA) according to
Mayring [24] using the tool MAXQDA. We used the dimensions and subdimensions of
our theoretically derived normative competency model draft as our category system and
coded each OOP competency facet found in the documents with its belonging category.
The QCA was performed deductively and inductively (cf. [25]), so the theoretically
derived category system was extended inductively whenever a new category candidate
was found in the documents.

Since we cannot present the whole coding process and its results in detail here, we
give two examples. The text fragment “By the end of this course, students will […] use
constants and variables, including integers, floating points, strings, and Boolean values,
correctly in computer programs” (taken from the Ontario curriculum for Computer
Studies in grades 10 to 12, Canada) was coded with the category OOP knowledge &
skills, respectively with the subcategory data structure. The expected outcome that
students should “know the basics of object-oriented programming, e.g. inheritance,
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polymorphism and encapsulation” (taken from the computer science curriculum of
Saxony, Germany) was assigned to the subdimension class and object structure.

Overall, our model draft proved to be well applicable for the classification of most
of the OOP competency facets found in the documents, which contributes to the curric‐
ular validity of our approach. Still there are three places, in which we modified it during
the coding process: First, we found competency descriptions relating to the ability of
being able to evaluate a different solution approach for a problem, so we added a subdi‐
mension “Evaluating different strategies” in the proposed competency dimension
Problem solving stage. Second, it became obvious that syntax and semantics are almost
inseparable and that third, there was a need to code competency facets relating to
“Documenting and maintenance” (both: top-level dimension Mastering representa‐
tion) to cover text fragments relating to the use of comments in the code as well as to
writing clear and maintainable code. Especially because of the inseparability of syntax
and semantics we decided to combine the subcategories belonging to Mastering repre‐
sentation in the top-level category and to analyse its inner structure in future work.
Table 1 shows the distribution of codings at the end of the coding process.

Table 1. Coding results of the curricula analysis.

Competency dimensions Subdimension Number of codings
OOP knowledge & skills Data structure 104

Class & object structure 74
Algorithmic structure 164
Notional machine 15

Mastering representation Semantics 36
Syntax 43
Programming language 37
Documenting & maintenance 27

Cognitive processes Understanding the problem 67
Determining a plan 103
Translating the problem solution into a
program

116

Testing and debugging 108
Evaluating different strategies 11

Metacognitive processes 4

The next important step of the QCA according to Mayring [24] is the paraphrasing
and summarizing of specific categories. The aim of this step is to combine similar
competency facet formulations in fewer distinct joint formulations. Table 2 shows the
result of this process within the dimension “OOP knowledge and skills”.

It must be noted here that composite competency facet formulations like “Students
are able to assign values to variables of primitive and compound data types as well as
more complex data structures” were coded with more than one category.
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Table 2. Categories formed in the subdimensions of the dimension OOP knowledge & skills by
paraphrasing and summarizing the competency facet formulations

Subdimensions Categories Number of codings
Data structure Data representation/structure in general 52

Primitive data types 29
Composite data types 36
Dynamic data structures 27

Class & object structure OO in general 20
Fundamental OO-concepts (class, object,
attributes, methods)

48

Higher OO-concepts (polymorphism,
encapsulation, inheritance)

19

Using predefined structures 14
Algorithmic structure Algorithms in general 45

Fundamental algorithmic structures
(sequence, selection, repetition)

91

Subprograms (methods, procedures,
functions)

21

Recursion 24
Searching/Sorting 22
Algorithmic optimization 19

Notional machine 15

It is not surprising, that fundamental algorithmic structures can be found most often
in the documents, since neither does every country or state follow an object-oriented
paradigm nor, in case they do, is the objects-first approach the most dominant one.

4 Developing Test Items

The next step on the way to an empirically validated competency structure model for
OOP (see Sect. 2.2) is the operationalization of the competency facets of our theoreti‐
cally derived model by describing specific situations that require a certain behaviour
that persons show who are competent in this area.

While competency formulations describe a subspace of skills and abilities limited
by certain parameters (see Sect. 2.2), the items should only test for a distinct competency
dimension in the model to prove that the assumed multidimensionality of the model can
be shown empirically. Moreover, the items have to be constructed in a way that solving
them correctly will indicate the underlying competency. Hence, many test items of
varying difficulty are required. Furthermore, it is necessary to take into account the
probands’ previous knowledge to ensure the validity of the results. In Germany, students
at the end of grade 12 should have the necessary competencies when they have gone
through upper secondary computer science education or when they completed an “Intro‐
duction to OOP” course at university level.
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As a result of the curricula analysis we have collected numerous formulations
describing OOP competency facets and abstracted those in the paraphrasing step (see
Sect. 3). These descriptions are now used to construct test items, respectively to gain
access to programming competencies and hence to validate the assumed theoretical
competency structure on an empirical level. In the following, we give two examples of
test items to be used at the end of an introduction to OOP. Item 1 is a considerably easy
item addressing the understanding of classes as templates, objects as instances, attributes
as characteristics and methods as modifiers of attribute values:

Item 1: You are given the following source code:

Item 1 can also be extended by various other tasks, such as “If objects are created,
please write down the respective line number” or “Please write down all the attributes
and methods a House-object can access”.

Item 2: You are given the following source code:

To raise complexity, it is reasonable to choose more advanced concepts, to differ in
the respective task, to use more abstraction, etc. Item 2 is a more complex task addressing
the understanding of inheritance, polymorphism and encapsulation. The correct solution
of item 2 can indicate a correct understanding of inheritance along with a corresponding
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concept for polymorphism. As well as item 1 item 2 can be varied, e.g. by adding one
doThis method in class C and asking to predict the correct output, by writing a new
subclass D, using super to refer to attributes and methods in super classes and so on.

The items will finally be evaluated by means of Item Response Theory. Hartig and
Frey [26] already showed that for a multidimensional competency modelling this is a
valid approach.

5 Summary and Outlook

In this paper, we gave an overview of the current state of our project COMMOOP, in
which we aim to develop an empirically founded competency structure model for the
field of object-oriented programming. We focussed on a curricula analysis, which we
conducted to identify competency descriptions concerning OOP. We used these descrip‐
tions in a first step to check the applicability of our theoretically derived competency
model draft for the classification of these descriptions. Second, we used the competency
descriptions assigned to the subdimension “OOP knowledge and skills“ to start the
operationalization of our model by developing first test items to measure the proposed
competencies. The process of item development is continuing under consideration of
aspects, such as item difficulty and variety, suitability for adaptive testing and test length
restrictions. Several iterations of pretests with the items will be conducted next on the
way to develop a test instrument to validate the proposed competency structure.
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Abstract. The changes in software industry and software development methods
call for appropriate teaching methods in academia. In addition to theoretical
knowledge and coding practice, familiarity with common practices in the industry
is expected from the graduates. Teamwork, collaboration and communication
skills are essential demands for software engineers. These skills take years to
develop, and therefore, this study presents how collaborative practices were
introduced right in the beginning of information technology studies. The results
of project based courses were encouraging in terms of student achievements and
course completion rates. Additionally, feedback from students through an exten‐
sive survey was largely positive.

Keywords: ICT education · Collaborative practices · Professional competences ·
Project-based learning

1 Introduction

Software industry and software development practices have undergone tremendous
changes in the last decades. These changes have not entered software engineering
education in academia with the same force. Much of higher education still depends on
very traditional teaching practices and conventional curricula. Several attempts to bring
real-life engineering practices into education have been made, most notably the CDIO
initiative by a number of technical universities worldwide [1] and the Aalborg Project
Based Learning model [2]. Even though the theoretical backgrounds of these efforts
differ, the practical implementation usually follows similar patterns on applying a project
development cycle to course work, and concentrating on a problem and its solution
instead of listed curriculum items (contents, skills, competences).

The Helsinki Metropolia University of Applied Sciences has a long history of under‐
taking curriculum changes to address a severe problem of low retention in information
technology and engineering studies [3]. As long as the university funding from the
government depended largely on the number of students, the motivation for imple‐
menting changes was low but when the funding scheme was changed to be based on
study completions and graduations, the dilemma had to be addressed seriously three
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years ago [4]. Therefore, the university appointed a team of teachers in various disci‐
plines to explore educational innovations in other European universities. The Aalborg
model as an overall solution was chosen as the starting point for curriculum reform,
which was implemented for the 2014-15 study year. The general guideline for the whole
university encompassed larger study modules (5-15 ECTS credits), flexible curriculum
choices as well as problem and project based learning methods.

Currently, the education at the university aims at developing the knowledge, skills,
ethics, communication, and emotional component of the professional expertise to meet
the need for highly integrated competence in the present day working environments.
Dialogue with companies has revealed that education has failed to fully respond to the
new requirements in the software industry. Demands from companies increasingly stress
abilities for collaboration, efficient teamwork and professional communication. There‐
fore, project-based methods were included into most modules in the new curriculum.
Additionally, the concepts of progressive inquiry [5] and problem-based learning were
applied in course design. Moreover, participatory on-line learning environments were
used to support the learner’s development of understanding through collaborative
construction of a shared product [6].

In information technology education, the first study year was divided into four 15
ECTS modules. Each module had a theme that introduced different major options of the
studies: networks, programming and web-development, electronic devices and object-
oriented programming. The project work in each module was supported by a varying
amount of basic and theoretical studies such as mathematics.

The aim was to change studies in a way that makes entering the information tech‐
nology profession a natural and exciting process regardless of the student background.
In this paper, we discuss the results of applying working life practices immediately in
the beginning of the studies.

2 Educational Practices at Metropolia

The studies in IT were previously loosely structured. In the old curriculum, students had
8 small courses in the fall semester that were partially studied in a large group (50 or 90
students). The incoming groups started with short courses in mathematics, physics, and the
basics of information technology or media technology. Most courses were from 3 to 5
ECTS credits, and they consisted of lectures to a large audience and laboratory practice
for groups of 24 students. If students failed courses, they could retake them during the
following academic years. Unfortunately, this freedom and independence did not result
in good retention, on the contrary: nearly 40% of students interrupted their studies already
after the first year and only 40–49% graduated in 5 years (see Table 1). Interrupting
studies is quite common in Finland where higher education is free. However, the high
dropout rate became costly for the university, causing losses of income from the govern‐
ment when the funding depended on ECTS credits and graduates.
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Table 1. Retention rates at Metropolia in all engineering degree programs.

Year 2009 2010 2011 2012 2013
Retention 42% 40% 43% 45% 49%

In the reform 2014, the curriculum was swapped around to include team projects and
product development already in the beginning, whereas mathematics and physics were
taught all along the studies. This was very different from the previous curriculum where
first year was devoted mainly to basic scientific studies, languages, and other rudimen‐
tary skills. The drop-out after first year before the reform was regularly around 40%, as
many students could not cope with the amount of physics and electronics that was
required, and they lost interest in the profession.

The majority of students in the undergraduate programmes discussed here come
directly from high school or after their military service year. In August each year, about
210 Finnish students, and 50 international students who study in English begin their
studies. The majority of students, around 85%, are male. Currently, about a half of the
students in the international group come from Vietnam, and 20% from Nepal. Others
come from various countries, especially form Eastern Europe. Their former high school
studies have followed a very traditional mode of teaching, including lectures, home work
and examinations [7].

Opposed to the previous organization of studies, the new curriculum was based on
large 8 week modules that take full time. Each class of 25 to 30 students had one fixed
classroom where they had all lessons except certain laboratory sessions that needed
special equipment. The classrooms were furnished with small tables that could easily
be rearranged. There were also movable white boards and connections for laptop
chargers [8, 9].

3 Research Methods

The Metropolia University of Applied Sciences conducted this educational reform in a
very short time and with a loose outline. Therefore, the implementations of the new
curriculum were quite diverse in different departments. The follow-up of results requires
collection of a big amount of data and various evaluation methods. Some of the data are
presented in this study.

The outcomes of the studies were measured by several means. Most obvious meas‐
urement was the study completion rate. The statistics were gathered in four successive
years, of which two represented the previous curriculum and two the new curriculum.
Student and teacher views on learning of collaborative knowledge work practices were
collected using a validated questionnaire.

The Collaborative Knowledge Work Practices Questionnaire (CKP) is designed for
investigating students’ self-reported evaluation of collaborative working practices and
competence development in courses [10]. In particular, aspects of collaboration and the
use of digital technology are targeted as central components in modern knowledge work.
These include learning to collaborate on shared objects (e.g., reports, products, designs),
iterative development through feedback, integrating individual and collaborative
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working, understanding various disciplines and practices, interdisciplinary collabora‐
tion and communication, and learning to exploit technology. The questionnaire is based
on the theoretical framework of the trialogical approach on learning that emphasises
collaborative knowledge creation [11].

The questionnaire was available online and had 27 statements on Likert scale plus
three open questions. The 5-point statements were of the type: “During the course/study
unit I have learned … e.g. – to develop products collaboratively by using technology.”
The answer choices were: “Not at all (1); Just a little; Somewhat; Quite a lot; Very
much (5)”.

The questionnaire was answered by students and teachers in 13 modules of the new
curriculum, including 24 teachers and 198 students who started the study in the year
2014/15. Students’ and teachers’ scores on the seven scales of the CKP questionnaire
were compared statistically (t-test). The teachers answered the same questionnaire items
with the instruction “In my opinion, students learned during the course … e.g., to define
sub-goals for the collaborative work”.

Moreover, qualitative methods were included in the evaluation of the results, such
as the analysis of open-ended questionnaire responses, student work results, and teacher
and student interviews that help in explaining statistical results. The readiness for team‐
work and other basic abilities were mainly evaluated based on classroom performance.

4 Results

4.1 Retention Rates

The initial passing rate of the 15 ECTS modules of the new curriculum was 85–100%.
More importantly, the retention after first year was equally high, practically all students
continuing their studies in the second year [12].

The ECTS credit accumulation was investigated by examining students who stayed
on track with their studies, completing the expected 30 credits in the two study periods
of the first semester (Tables 2 and 3). As can be seen from the figures, the amount of
students with at least 30 ECTS increased from 48% in 2013 to over 80% in the years
2014 and 2015 in the Finnish groups. The positive effect of the new curriculum model
was even stronger in the international groups, where earlier completion rates were
between 17% and 31% (Table 3).

Table 2. Course completions of Finnish study groups in IT (one campus)

2012 n = 143 2013 n = 149 2014 n = 106 2015 n = 107
1–14 ECTS credits 14% 11% 0% 2%
15–29 ECTS credits 26% 41% 14% 9%
30-> 59% 48% 86% 89%
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Table 3. Course completions of international study groups in IT

2012 n = 74 2013 n = 76 2014 n = 45 2015 n = 48
1–14 ECTS credits 23% 14% 0% 2%
15–29 ECTS credits 46% 68% 20% 8%
30-> 31% 17% 80% 90%

Equally, other degree programmes in engineering reveal a similar pattern. The Elec‐
trical Engineering and Automation Technology results after the first semester show that
the new curriculum significantly improved results, and more than 93% of the students
in these degree programmes passed all the courses in time compared to the relatively
low values of 70% in 2013 and 50% in 2012 [4].

In addition to a good passing rate, course grades were also exceptionally high, espe‐
cially in the international groups where the average grade was 4.0 (of 5), Table 4.

Table 4. Grade averages in international study groups in IT 2014–15

Course N Average grade
Networks A 27 4.3
Networks B 24 4.5
Games A 27 3.5
Orientation A 22 3.9
Orientation B 26 3.8

A comparison between international and Finnish students reveals that the interna‐
tional students were more ambitious and targeted at good grades, which they also
achieved. The grade average in the Finnish groups in the spring term 2015 was 3.4 (of
max. 5).

4.2 Questionnaire Answers

Student and teacher opinions on the learning in the new modules were collected using
the same questionnaire after each module. The responses of students and teachers from
13 modules were compared on each of the seven scales of the CKP questionnaire
(Fig. 1). There were no statistical differences between the scale scores. Students and
teachers gave the highest scores to learning about collaborating on shared objects (e.g.,
plans, designs, reports), integrating efforts in collaborative working, development
through feedback, persistent efforts, and exploiting technology. Lower scores were given
to understanding about various disciplines and practices as well as learning about inter‐
disciplinary collaboration and communication.
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Fig. 1. Students’ and teachers mean responses on the scales of the Collaborative Knowledge
Practices Questionnaire. (Not at all = 1, Very much = 5).

The questionnaire contained also three open-ended questions. According to a
thematic analysis, in the open-ended questionnaire responses the students addressed the
following aspects as positive or impressive in the courses (233 mentions in general):

• Working methods (90): Practical tasks (24), Group work (30), Learning community
and atmosphere (17), Working methods in general (11), Project work (4), Freedom
of choice (4);

• Teaching and guidance (52): Good teachers and teaching (36), Teachers’ positive
attitude (7), Guidance and feedback from teachers (9);

• Content (31): Interesting and useful content (31);
• Outcomes (28): Learnt new things (21), High-quality products (7);
• Organization (28): Good entity (15), Appropriate phase of work (7), Good integration

of subjects (6);
• Facilities (4): Good study premises and equipment (4).

The negative aspects were partially the same, or sometimes the other side of the coin
(180 mentions in general):

• Organization (70): Tight timetable and heavy workload (24), Uneven workload (13),
Confusing and incomplete arrangements (12), Poor integration of subjects (12), Poor
communication practices (9);

• Working methods (60): Problems in group work (18), Too little teaching of theory
(13), Challenging working methods (10), Restless classroom (5), Too much group
work (7), Too much teaching of theory (4), Compulsory attendance (3);

• Content (42): Difficult content (29), Not interesting or useful content (13);
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• Teaching and guidance (27): Poor teachers and teaching (13), Too little guidance
and feedback (6), Unclear goals and evaluation criteria (8);

• Facilities (8): Poor study premises and equipment (8).

As was noted before the arrangements of the modules were varied, therefore some
aspects such as amount of theory or guidance could be very different between modules.

4.3 Adoption of Teamwork

According to student interviews in the classroom, none of the international students had
previous experience in teamwork or team projects. However, the transition to university
studies seemed to make the students open to a new way of learning, and all approached
the teamwork mode positively. As contrasted to students who had previous university
studies particularly in Finland, they adapted quickly to self-directed project work. Only
students who had started university studies elsewhere and transferred to our university,
found the new mode difficult. Many of them had problems in adapting to regular attend‐
ance and shared responsibility of teamwork. Interestingly, even one year of previous
studies had fixed their study habits.

Teamwork and project work were more challenging to assess fairly than individual
deliverables. Teams of six or seven students were problematic in this respect but
unfortunately the lack of equipment forced to do some projects in such large teams. Most
projects were executed in teams of four. Instructors tried to avoid unfair situations by
choosing half of the deliverables as individual assignments (such as mathematics,
programming exams and student home pages). Moreover, the continuous presence of
teachers in the classroom gave them an understanding of each student’s skills. At the
end of some projects, students were requested to indicate how much each team member
contributed to the project. In most cases, students gave a fair assessment of each other
and even downplayed their own part.

As teamwork is not completely new in the curriculum, the results can also be
compared with earlier experience. Numerous reports show that project work has always
had several benefits such as better course completion and student satisfaction [13, 14].
On the other hand, it had no discernible overall impact on retention and graduation when
it was only a small part of the curriculum.

The orientating courses of the first year enabled students to acquire basic knowledge
of the study environment together. The collaborative practices developed during the
first courses could later be observed when the students proceeded with their studies.
How well the teamwork and collaboration skills persisted during the second academic
year, was monitored and the results varied depending on the arrangements in the subse‐
quent modules. When courses were built on collaboration the effect was positive, but
when they followed traditional learning patterns, the students also reverted to those.

5 Discussion and Conclusion

The new study modules were by no means similar to each other. Much of the realization
depended on the teacher team, some of whom preferred to divide the module into smaller
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parts among each other. All modules except one had a larger project, though. From the
students’ point of view, having a permanent home class was a significant difference to
earlier years. Arguably, belonging to a group could have been a decisive factor in student
retention. Despite the fact that the students were split to new groups according to the
major subject selection the second year, where only part of the former classmates
followed, they already had a network of study mates.

As the curriculum contents also changed in the reform, the results can be challenged
in claiming that the students passed because of low requirements. However, the teachers
involved would not agree, as actually the workload and requirements were set high. On
the other hand, the number of individual deliverables within courses was certainly lower
than before, which made the management of studies easier than before. Peer pressure
within teams presumably added to the amount of work that was actually done because
individuals were denied the privilege of procrastination. In particular students who had
weaker self-regulation skills benefitted from a well-organized study mode. They had no
choices to make in the first year, and the schedule for a week was always nearly similar.

According to the survey results, the teachers’ and students’ responses to the scales
evaluating students’ learning of knowledge work competences during the study modules
were aligned. The average scores were quite high except the two scales that measured
understanding practices and knowledge of various disciplines and interdisciplinary
collaboration, which were not emphasized in the first-year studies. Open-ended
responses revealed that students valued especially the working methods as well as
teaching and guidance. They found disturbing particularly the organization of working,
which might reflect the novelty of the implementation of teaching in larger modules
together with a team of teachers. Also, various working methods were mentioned by
students as unsatisfactory, including challenges in group work. However, it is encour‐
aging that there were, in all, clearly more mentions about positive than negative aspects
of the study experiences.

The main aims of the reform such as improved retention rate and high rate of
completed study modules were achieved in an impressive manner. Despite the great
variation of methods in course organization and teaching, the collaborative mode of
learning and teaching seemed to contribute to a successful beginning of studies, and in
particular to student enthusiasm and goals. Additionally, there were some indications
that students adopted collaborative working practices that are expected by the software
industry. Further research could address teachers’ team teaching and the variation of
course designs, their execution and related learning outcomes. Further, how students
continue in their study programs is of interest to see; whether the reorganization of the
first year of studies has continuous effects in terms of retention, or the completion of
study credits. Further research could document the development of collaboration skills
and other working life competences and aim to follow the students through their future
transition to industry.
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Abstract. Although MOOCs have been around for a decade, the use of MOOCs
in teacher training is a new development. In 2015, a Norwegian teacher education
received internal funding to develop a MOOC intended for blended learning,
which we call bMOOC. The bMOOC consisted of four different modules, and
the course content was created internally by highly competent teacher trainers.
One goal with the bMOOC was to familiarize teacher students and teacher educa‐
tors with the concept of blended learning. Another goal was to support students’
academic writing processes across courses and possibly take some of the work‐
load connected to instruction and feedback off the teacher trainers. The article
analyzes the outcome of the implementation of the bMOOC, which shows low
user adoption rate and low course completion. The study questions whether
teacher educators see the pedagogical value in MOOCs and whether teacher
students have enough digital competence to make use of online learning objects
in formal learning.

Keywords: Teacher education · Blended learning · MOOC · Digital competence

1 Introduction

Our study discusses the introduction of a blended learning MOOC in teacher education,
with an emphasis on the relationship between digital learning and teacher education.
Although there is broad agreement that developing teacher students’ digital competence
is important, digital pedagogical innovation occurs primarily in the practice field and
rarely in teacher education [1]. Moreover, when teacher students and teacher educators
are offered the possibility to use new digital learning objects (DLO), both groups tend
to prefer more traditional practices, thereby missing out on the benefits of developing
their digital competences. If this is the case, institutional practices in teacher education
contribute to a status quo and the reproduction of the technology-practice gap in educa‐
tion, something that the field has been criticized for [2]. One possible consequence of
this contradiction is that teacher education will lag further behind schools in the use of
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digital technology for teaching and learning and make goals set in national educational
policies difficult to reach. Another peculiarity is that while teacher educators succeed in
developing teachers’ competencies in schools [3, 4], they seem to struggle when devel‐
oping digital competencies internally, among their own staff.

To illustrate some of the complexity of the challenges above, this paper analyzes the
introduction and experiences of a blended learning MOOC (bMOOC) containing several
learning objects in four modules. The bMOOC was implemented as an integrated course
across subjects in Norwegian teacher education in the fall 2015. Our research question
is: What happens when a bMOOC is introduced in teacher education?

To show our argument, we will first define the paper’s conceptual framework, by
focusing on recent and relevant MOOC research. We will frame what we mean by the
bMOOC concept. Second, we will describe our methodological approach, where we
outline the research strategies we used to analyze the data we collected in our study.
Third, we will present our research findings. Finally, we will draw some conclusions.

2 A Need to Address Blended Learning in MOOCs

To frame what we mean with the bMOOC concept in teacher education, we will contex‐
tualize the concept in recent developments in the MOOC literature.

In terms of educational philosophies, the interest in MOOCs has developed across
two trajectories over the last decade. On the one hand, from 2009, one saw the rise of
cMOOCs. The cMOOC is characterized by the introduction of Connectivism and the
work of Canadian scholars [5]. Later, the cMOOC was described as connectivist, due
to its “loose” design, meaning that there is no standard technology platform, no formal
course content and no formal assessment [6]. Learning is interest-driven with an
emphasis on social learning and based on networking and discussions among partici‐
pants on social media. On the other hand, from 2012, a new scholarship, the xMOOC,
emerged [5]. Here, the educational philosophy differs, in the sense that learning focuses
on transferring pre-defined information from expert to novice. In this sense, xMOOCs
are more “behavioristic”, involving instruction by means of video lectures, automated
feedback and assessment (by peers) [6]. They are intended for global and scalable
courses and offer a certificate upon completion. They also offer the possibility of big
data analysis. The xMOOC is a development fronted by American elite universities and
commercial actors.

There is a vast emerging body of research literature on MOOCs. In brief, the research
literature investigates the outcomes of MOOCs that are offered to off-campus students,
and develops around particular research streams. Looking at relevant research streams,
studies that examine the social background of participants, report the reoccurring
finding that students are males who have completed higher education and have an
average age around 30 [7]. Furthermore, user demographics show that MOOC courses
are U.S. and Europe based and few studies in English show MOOC experiences from
African and Asian countries [8, 9]. MOOC research papers also examine learner
perspectives, focusing on what it means to teach for large online audiences and why
MOOCs have low completion and high dropout rates. In some studies, scholars break
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down course populations and analyze different types of user commitment [10]. For
example, Milligan et al. [11] classified three different types of participant groups –
passive participants, lurkers, and active participants, a categorization indicating levels
of student engagement. Many studies report that the dropout rate is at 94% on average
[12, 13], but researchers identify the various reasons why students drop out and suggest
strategies to make MOOC courses more sustainable [14]. Researchers attempt to estab‐
lish the learning outcomes of a MOOC, something that has proven difficult to determine.
Particular studies compared MOOC courses in mathematics with a similar on-campus
course at an American university and found no significant difference [15]. Other studies
show that the MOOC idea of being “large” is itself a challenge for learning. Large classes
can lead to information-overload and loss of overview [16, 17], something which is also
proven in studies on discussion forums [18]. Here, studies recommend some type of
online intervention, for example in the form of a moderator that can guide students [19].
Recent studies have explored the idea of gamification [20], which is a method to award
students with badges as motivation to complete courses. Here, studies claim that gami‐
fication can increase user enrolment and increase user engagement [21, 22].

MOOC is clearly a flexible concept that is under development. According to Bates
[6], there seems to be three distinct patterns within the development of MOOC courses:
(1) the transfer of best practices from credit-based online courses, like the use of moder‐
ated discussion groups, (2) the opening up of regular campus classes to non-registered
students and (3) the use of blended learning. Our study elaborates on blended learning
and the bMOOC concept in teacher education.

The bMOOC is based on a social and connectivist approach to learning [23], where
online and campus-based teaching and learning merge to improve educational outcomes.
We suggest a definition of six concepts in order to describe how technology integrates
with teaching and learning in bMOOCs in the following educational philosophy:

(1) Digital competence building: When online MOOC content is blended with on-
campus courses, pedagogical uses of new technologies are modeled, scaffolded and
explored. It is of vital importance that teacher students develop their digital compe‐
tence in formal educational contexts in their pre-service training in order to be able
to contribute to the digital competency development in schools when they graduate.
Digital literacy is one of several concepts that try to capture what a pedagogical use
of technology involves:

The awareness, attitude and ability of individuals to appropriately use digital tools
and facilities to identify, access, manage, integrate, evaluate, analyse and synthesise
digital resources, construct new knowledge, create media expressions, and commu‐
nicate with others, in the context of specific life situations, in order to enable
constructive social action; and to reflect upon this process [24].

(2) Joint knowledge-construction: bMOOCs facilitate new ways of collaborative
teaching and learning in formal education. Teacher educators can co-construct
MOOC modules in subject areas that are taught across courses, something which
facilitates both content validity and quality and collaborative learning and compe‐
tence building among novices and experts in an area of study. Examples are MOOC
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modules in academic writing and scientific methods. Likewise, teacher students get
constant access to pre-selected information in multiple modalities (text, video,
visuals etc.), and they can share ideas and get timely feedback from a larger group
of students and educators in the discussion forums.

(3) Time saving design: The bMOOC design is time saving, in the sense that teacher
educators can spend less time on content development and more time interacting
with students, either online or in class, which according to Bates [6] is important if
students are to develop deep understanding, transformative learning, evidence-
based critical thinking and high level decision making.

(4) Transparency: The design is transparent, in the sense that bMOOC content - infor‐
mation, questions, feedback and user statistics and research data - is shared. The
data informs teacher educators about troublesome knowledge, participation rates
etc. in the learning processes and makes it possible to modify courses based on
research and learning analytics.

(5) 21st Century skills: bMOOCs encompass social elements like collaboration, coop‐
eration, sharing, curating and social media use, which are powerful skills in the 21st
Century.

(6) Scalable and social: The bMOOC has its strength in the social fabric that potentially
exists in and between the two learning spaces. It is possible to offer high quality
information to scalable groups of students in the MOOC and provide scaffolding
and feedback to individuals and smaller groups of students in the courses on
campus, thus combining best practices from both MOOC technology and campus-
based pedagogy.

The bMOOC concept has implications for how new educational practices are imple‐
mented in teacher education. The commonly used strategies, where stakeholders are
informed by e-mail, in meetings or in a research and development project design, may
not serve the purpose. For example, the reflection-on-action approach is typically based
on previous experience in a learning context upon which participants are invited to
reflect, thereby thinking in new ways, seeing things from other angles and using general
theories to see possibilities for change and improvement in their teaching [25]. In new
digital surroundings, participants may well be void of previous experiences with new
digital teaching and learning to reflect upon. Moreover, due to the speed of the techno‐
logical development, it is only partially possible to conduct theory informed teaching
and learning in new digital contexts. Research says much about what has promoted
formal learning, less about what promotes learning in today’s and tomorrow’s tech‐
nology informed educational cultures [26]. Consequently, participants in their first
bMOOC are exposed to some level of risk taking, and lack of confidence in their own
digital competences and resistance to change might impede the learning process.

There is a need for a different approach to research-based education in digital
contexts. One possible approach is to base development on reflection-in-action [25],
where participants reflect while spending time to learn to master the new technologies
and to move out of their own comfort zone and engage in “risk taking” activities that
involve collaboration and sharing in one simultaneous action. This implies that reflection
takes place in a situation where “all the events, together, are experienced at once, at the
same time” [25]. Reflection is then demanded by digital conditions and stimulated by
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native curiosity in an ongoing process, also described in Schön’s concept of reflection-
in-action as spontaneous, common, real thinking that may make sense to the practitioner.
In connectivist terms, learning then happens when patterns gradually emerge from chaos
while engaging in a network of nodes [27].

3 Methods

Our data analysis is based on a mixed research approach. We used quantitative and
qualitative methods. Our data is triangulated to check for reliabilities and valid meas‐
urements. This research strategy has consisted of comparing our research findings from
our quantitative data analysis with research results from our qualitative data analysis.

Our quantitative research strategy consisted in collecting and analyzing course data
from an LMS, which made up the technological platform of the bMOOC. After course
completion, we reviewed registered course data on user participation to exclude invalid
data. A total of 326 users or cases were registered at the start of the course, but 46 users
were excluded from our data analysis, reducing our final data sample to 280, divided
into 256 teacher students and 24 teacher trainers. From there, we derived an overview
on descriptive statistics on user participation among teacher student and teacher trainers.

Our qualitative research approach consisted of collecting and analyzing data on user
participation in the LMS and qualitative interviews with teacher students and teacher
educators. The interviewees were randomly selected among volunteers present at one
lecture and in one meeting. In total, twelve interviews were completed, six individual
interviews with teacher students and six individual interviews with teacher educators.
We used a semi-structured interview guide, where we asked a number of simple, short
questions; how they learned about the MOOC, whether they accessed the MOOC, how
they used the learning objects, and their thoughts on module contents. The interviews
lasted from 15 to 30 min. The interviews were recorded on a digital audio recorder. Our
data was collected from October to December 2015.

After completing the interviews, they were transcribed and translated into English.
We used a constant comparative method [28] and open coding strategy to analyze the
data from the interviews. We looked for patterns in our interview data. After coding our
data material in several rounds, we arrived at some categories. We grouped the teacher
students’ and teacher educators’ answers into larger categories in an interrelated method,
where two researchers worked together. We used direct quotations to give our inform‐
ants a voice.

The study is based on informed consent. The teacher education and the informants
involved in the study have been made anonymous [29].

4 Data Analysis – Presentation of Research Findings

We have divided our data analysis into three sections. The first part describes the back‐
ground and the context for the bMOOC and its overall course content. The second part
presents research findings from our quantitative data analysis. The analysis focuses on
course data and provides simple descriptive statistics on a number of defined variables,
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which are meant to highlight online activity or traffic in the bMOOC. The third part
focuses on the study’s qualitative data. Here, we provide an analysis of user experiences,
where we analyze teacher students’ and teacher trainers’ use and evaluation of the
bMOOC, including user experiences of one separate module on academic writing.

4.1 The Background for Initiating the bMOOC

The teacher education, which has about 450 teacher students and 70 teacher educators,
is located in an urban area and is part of a Norwegian university. During the spring of
2015, the teacher education received internal funding to develop a blended learning
MOOC, where the goal was to improve teaching and learning in higher education. There
were several reasons for initiating the blended learning MOOC project. In order to
improve the quality of the foundation courses on campus, one aim was to familiarize
teacher students and teacher educators with the concept of blended learning. Another
aim was to support students’ academic writing processes across courses and possibly
take some of the workload connected to instruction and feedback off the teacher trainers.
The bMOOC was inspired by a “flipped classroom” model and involved the use of
multimodal learning objects, student-based activities, sharing, cooperation and collab‐
oration in the learning processes. The bMOOC intended to develop a community of
digitally competent teacher educators and teacher students, who in the long term could
contribute to changing existing teaching and learning processes in schools in the Norwe‐
gian K-12 system.

Looking at the design and the content in the bMOOC, it was intended as an online
resource across subjects that teacher students and teacher educators could use throughout
the semester, and additionally as a supplement to teacher students’ individual compe‐
tence development. Each of the four modules in the bMOOC intended to scaffold teacher
students’ key competences in their future professional career as teachers. The bMOOC
modules were: how to master the art of academic writing, how to develop a personal
learning network (PLN), how to master digital note taking and collaborative writing and
the use of digital blackboards. Each module was estimated to 1–3 h’ work online. For
example, the academic writing module discussed the pitfalls of academic writing. It
consisted of texts, videos, discussions and an evaluation of the module. In addition, there
were “reflection tags” indicating where teacher trainers could make use of the course on
campus (blending). The module was divided in three sections: (1) an introduction to
academic writing, intended to be read once (2) a presentation of the academic text struc‐
ture, which was intended to be used in the writing process and (3) help when students
experience a writer’s block, which was specially intended for students who struggle with
academic writing. The amount of time each student teacher or teacher trainer would
spend in the bMOOC depended on previous experience with digital tools and academic
writing. Taking the bMOOC was estimated to about 5 h.

4.2 Quantitative Data Analysis of the bMOOC

We stress that our quantitative data analysis is not complete, only preliminary. In
general, the analysis suggests that the bMOOC’s online activity shares several traits seen
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in Social Network Sites (SNS) or online communities. For example, it is not uncommon
that online communities experience a rapid adoption rate among users, but later have
challenges to become sustainable and create active online engagement. This often results
in an equal drop-down rate as online communities lose popularity. In our study, we find
little data suggesting that teacher students and teacher educators initiate online contact
with peers and engage in an online discussion in the bMOOC modules, something that
one could expect in our case. There appears to be a small core group of users who have
completed the four modules in the bMOOC. In our data set, the bMOOC has a high
online activity in September, but this declines as the course progresses.

A pattern emerges when we look at distinct variables, like the teacher student’s total
time spent online in the bMOOC, as shown in the LMS analytics. When breaking down
the mentioned variable on a more detailed level, interesting research findings emerge.
We have for example divided the teacher students’ online activity into four time subca‐
tegories or values. This division shows that 27% of the teacher students spent between
0–5 min, 41% used between 5–60 min, 22% spent between one to five hours, and 10%
spent five hours or more. Largely, female teacher students have recorded most online
activity. This means that the most expected characteristic user pattern consists of login
on and engagement with the course material for an hour or two, before dropping out
never to return. The data also demonstrates a “thinning” of number of teacher students,
when an increase in recorded online time is considered. Only 22 teacher students have
logged more than five hours of online activity.

Analyzing our course data on the teacher educators’ use and online engagement, we
see a similar user pattern. The teacher educators’ total time spent on the bMOOC is
somewhat similar to that of the teacher students. Of the 24 teacher trainers, 12.5% spent
between 0–5 min, 37.5% used about 5–60 min, 37.5% recorded 1–5 h, and 10% spent
five hours or more on the bMOOC. Our data suggests that the teacher educators exhibit
the same user behavior as those they intend to educate; many teacher educators seem to
register and take a look at the bMOOC but never return to work with the online material.

Our initial observations are confirmed in other variables in our data set. Another way
to conceptualize online activity is to look at the variable page views. Page views is a
variable indicating how many times a web page in the bMOOC has been loaded.
Descriptive statistics from the LMS analytics used to organize the bMOOC show that
there were 4314 page views in September, 2239 in October, 641 in November, and 91
in December. Here, we can also observe a progressive decline in online activity, where
the peak starts in September and follows a steady drop, as the bMOOC progresses.

4.3 Qualitative Data Analysis of the bMOOC

The qualitative data also confirms user experiences and online patterns established in
our preliminary quantitative data analysis. Our qualitative data is only preliminary.

In our interviews, we explored the teacher students’ user experiences. One surprising
research finding was the teacher students’ view on the value of online learning and the
bMOOC. Some teacher students stated that online learning and the use of digital
resources bring little benefit, and that they prefer other approaches to learning. This
suggests a contradictory view on technology in education. On the one hand, teacher
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students are brought up in a digital world, but on the other hand, they approach and
frame digital learning from a textbook perspective. Our data suggests that the teacher
students are inexperienced with online learning and the demanding work it involves.

Data collected from the LMS confirms the above pattern. The course data shows that
the teacher students did not actively participate in the academic writing module in the
bMOOC. Course data from the module establishes that there are few online discussion
entries, comments and replies.

The teacher students’ low and passive online participation is utterly elaborated on
in the evaluation of the academic writing module. Five of the seven teacher students
who evaluated the module were women. Five of them reported that they took the whole
module, while one took about half and one took selected elements. The respondents said
that the module was useful to them, referring to different elements in the module. They
were most positive about the middle section made for the more hands-on writing process,
but all the three sections were considered relevant to them. They report that they to some
extent understood more about the writing process after taking the bMOOC. The data
shows that there was no collaboration in the discussion forums, even though they
reported that they were willing to collaborate online with other participants.

In the online evaluation, student teachers reported that they had not been properly
informed about the bMOOC. In the interviews, the teacher educators reported that only
a few students were present when the bMOOC was introduced. Moreover, the presen‐
tation was optional. Six of the seven teacher students reported that their teacher educator
had briefly informed them about the academic writing module, meaning that they never
used the bMOOC actively in the course.

In the interviews, the teacher students reported that working in the bMOOC was too
time-consuming. Consequently, the online material in the bMOOC was considered of
little relevance to their exams in academic writing and learning. They preferred other
approaches, like traditional feedback from the tutor and peer assessment on campus.
This female teacher student favored writing an academic text on paper by herself,
completing it the “old fashion way, in order to save time and get on with other things”:

I opened the MOOC and no, can’t be bothered. It will take less time to just write the text yourself.
Surely, a good thing, but it takes more time than you will get back from doing it, and you must
read it, that is time better spent on writing the academic text itself or doing other things.

The interviews show that the teacher students had varying approaches and prior
experiences with academic writing. In the module evaluation, two of seven teacher
students reported that they had only been taught to write in secondary school, whereas
five had been instructed in academic writing in higher education in previous courses.
This finding is elaborated on in the interviews, where teacher students commented upon
the relevance of a bMOOC in formal learning in academic writing.

We asked the teacher students to explain how they learned to write academic texts.
They suggested different methodological approaches involving help from peers and
tutors on campus, but very few saw the value of online collaborative learning:

We get feedback on the first draft. Some teacher trainers have given very concrete feedback that
helps. Students can also give peer reviews. That is not in all subjects, but in many. I think it
helps, I get new perspectives and new ways of forming sentences. It is also scary. If it is good,
I am afraid that the other students will steal my idea, if I think it is a bad text, it is a bit awkward.
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The teacher educators’ user experiences are different from those they are set to train
as future teachers. The teacher educators saw and emphasized the potentially positive
educational benefits with MOOCs, but this is contradicted in practice. A theme running
through our interviews was the lack of information about the bMOOC itself. Six teacher
educators explained that they had to a variable extent received information about the
bMOOC and how to sign up for it. For example, they had challenges in remembering
where to find URL links, which would enable them to login in to the bMOOC.

The teacher educators have a dual relationship with the bMOOC concept. On the
one hand, they acknowledge the importance of the digital learning environment. On the
other hand, they prefer the social and relational aspect on campus. This applies especially
to feedback on teacher students’ academic text production. For example:

I think the f-2-f-relation we have with our students is important. I think direct contact with me
is more important, and therefore we used the MOOC on 2nd year students. I believe these online
resources can make our work on feedback easier. We have high scores on student evaluations,
and that is because we spend a lot of time on relations.

The teacher educators underlined that the bMOOC could have a positive impact on
the amount of time they spend giving feedback to the teacher students. Here, they saw
the MOOC as a positive contribution to students’ writing process and a valuable resource
in their work:

I use a lot, lot of time to give feedback on students’ academic texts. It takes time to give many
students feedback with notes: You need more references, you need to include theory before the
end, you need to structure your text etc. My God, I spend a lot of time giving feedback. I spent
two hours on one text today. Later in the studies, it is easier. I spend some 1–2 h per text. Students
have asked for help online. I see that we need to give more information about academic writing.

Finally, the teacher trainers emphasized that the success and impact of a bMOOC,
depends upon certain organizational factors. Like any new practice introduced into an
education system, the bMOOC must have legitimacy and support from the teaching
institution. For example, when a bMOOC is implemented, it needs the support from the
top-management. Suitable routines to inform all stakeholders must be established, so
that potential users are aware of the existence of the bMOOC. In other words, the teacher
trainers emphasized the need for better management strategies in the implementation of
the bMOOC.

5 Discussion and Conclusion

Initially, we asked what happens when a bMOOC is introduced in teacher education.
Our study tries to answer the research question by raising some questions that we wish
to discuss, and that we believe might contribute to the research on MOOCs in teaching
and learning. First, our research confirms previous research findings on social media
and MOOCs. On the one hand, several studies have pointed out that many MOOCs have
a low completion rate, with an estimated dropout rate of 94% [16, 17]. Therefore, our
data analysis appears only to confirm previous studies. On the other hand, there is a
tendency in educational research on social media, for example, to question whether
today’s adolescents are truly “digital natives” [30]. Some scholars have hinted that this
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is an ascribed myth that needs to be challenged. Various scholars point out both in studies
[31, 32] and research reviews [33–35] that students in higher education might have a
digital upbringing, but they seldom live up to expected standards defined in formal,
digital learning. Rather, adolescents appear to be passive consumers of digital content
and frame the educational online world from a textbook oriented approach. We see
evidence of this in our analysis. The majority of teacher students and teacher trainers
are inexperienced with formally structured online learning and seem to perceive the
bMOOC as only vaguely beneficial to education and learning.

Second, as an extension of the above, we believe that our study brings interesting
nuances as to how teacher students reflect upon how to develop their academic compe‐
tences. Two features related to “reflection-on-action” [25] emerge in our study: that of
time and effort. In a situation where teacher students have limited experiences with
formal learning in digital surroundings, their reflection on how to improve their
academic writing seems to exclude MOOCs. They also report that the time and effort
they choose to spend on their academic papers is in line with the results they assume
that they will obtain. Consequently, they conclude that there is no need to look deeper
into yet another learning object in the bMOOC. Theoretically speaking, they experience
a balance in the situation where they carry out the assignment [25]. From this follows
that (1) extending teacher students campus based artefacts to also include online MOOCs
seems to be too much of an effort. Our study shows that they enter the MOOC, spend a
limited amount of time and leave, never to come back. (2) Behind our findings related
to the low adoption rate of the bMOOC, we also find that teacher students’ reflection on
their own competence development seems to a large extent to be related to personal
goals to reduce study hours. (3) Our study also reveals that when confronted with an
academic writing assignment, teacher students prefer the” trial and error” strategy to
theory informed and research based strategies in the bMOOC. At the same time, teacher
educators report that teacher students to a variable extent make use of feedback from
educators in their writing processes on campus. These findings suggest a gap between
student teachers’ perceived and actual competence in academic writing and a lack of
strategies to close it. Contrary to this trend, we find another pattern. (4) Among the few
teacher students who have made use of the bMOOC, they report to a large extent that
they find academic writing hard work, and that the bMOOC is worth the effort when
completing the academic writing assignment. Our findings suggest that these students
have made their reflection-on-action based on previous experiences with online learning
and a realistic assessment of their own academic writing skills. Summing up, when
deciding what actions to take, teacher students seem to consider whether the bMOOC
is worth the time and effort based on previous experiences with online learning and
perceived level of confidence in their own academic writing. In previous studies, Dysthe
[36], for example, found that Norwegian students had a form of “resistance” towards
obligatory activities that were not graded, and that students invested the least possible
effort to pass requirements set by their teachers. Our study extends Dysthe’s findings to
digital surroundings and graded assignments. In the interviews, the teacher educators
state that students’ competence in academic writing needs to be developed and that they
spend a lot of time giving basic feedback on features that, we argue, could have been
learned in the bMOOC.
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Third, this pattern of beliefs and behavior reproduces the theory-practice gap that
we initially described, and the pattern is strengthened when the implementation strategy
in the institution is not adequate. We suggest that introducing MOOCs in formal educa‐
tion needs to be more organized and emphasized through active participation in “reflec‐
tion-in-action” [25]. In order for teacher students to reflect upon the value of online
learning, like in the bMOOC, they must be introduced to it on campus, by teacher
educators who make advantage of the benefits of social networking and multimedia
learning objects. This presupposes that teacher educators are familiar with the MOOC
concept. If this is not the case, like our research findings suggest, the possibility of
extending the students’ learning context to involve online learning and collaboration
can be lost. The question that needs to be asked is how to implement digital competence
in teacher education. We suggest that the more traditional approach that involves reflec‐
tion-on-action is not adequate, since it is based on a limited set of digital knowledge and
skills. Reflection will then not lead to creativity and invention, which is necessary for
change. We suggest that new technologies be introduced in a blended learning approach,
where teacher educators jointly are allocated time to develop their digital competence.
Two of the participants in our study, who had previously participated in a bMOOC,
reported on results that affected their teaching, learning and assessment strategies on
campus.

Fourth, as with any research, our study has limitations that have to be acknowledged
at this point. This case study contains data that is to a limited extent generalizable to
other educational contexts. Other studies can attain other research results. We believe
however that our research findings might contribute to a better understanding of the
challenges connected to implementing blended learning in educational cultures. Another
limitation is that this study is only preliminary. In addition, we did not conduct any
research in the classrooms or campus lectures.

The goal of this paper has been to introduce the bMOOC concept into current
research on MOOCs and push the field in a new direction. Our study suggests that teacher
education has work to do to enhance future teacher students and teacher teachers’ digital
competences. If the technology-practice gap is not addressed, we are afraid that we can
see a widening of this gap in our K-12 education system.
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Abstract. From the very beginning of MOOCs, education stakeholders and
researchers in the field of technology enhanced learning (TEL) considered closely
the issues related to dropout of learners in these environments. In a detailed anal‐
ysis of this question, several authors pointed out that this dropout is due to a lack
of learners’ motivation, a lack of learners’ engagement, the isolation, etc. These
dropout rates can also be associated with inadequate tools, models and mecha‐
nisms allowing personalization and/or adaptation of learning activities.
According to these studies, a highly promising solution consists in looking to
achieve the supporting of learners’ motivation and engagement via adaptation of
pedagogical scenarios. This paper goes in this direction by examining and trying
to analyze the literature around the dropout issue in MOOCs. It mainly focuses
on finding some possible solutions to adapt teaching scenarios and therefore
motivate learners. More precisely, these solutions are essentially based on the
connectivist approach, by taking into account four dimensions of educational
activities, that is: aggregation, remixing, repurposing and feed forward.

Keywords: cMOOC · MOOC · Educational scenario building · Connectivism

1 Introduction

The MOOC (Massive Open Online Courses) movement seems to promise a reinvention
of online education to reverse the production and dissemination of knowledge [1].

The model of MOOCs constitutes a significant educational innovation, related in
particular to massiveness, openness, peer assessment, etc. Massiveness generates serious
questions about how to manage large heterogeneous groups. The heterogeneity, in this
context, refers to the diversity of those who enroll, an opening to all, without any
distinction of: prerequisites, diplomas, language, etc. This suggests, in a certain way, a
true “democratization” of access to online resources. In addition, the certification creates
new business models [2]. Finally, if a consensus on the benefits of this educational model
seems to be established, it generates new questions. The problematization of these issues
create revisited fields, with specific constraints associated to MOOCs, such as: peer
assessment, educational scenario building of MOOCs, nature and profiles of learners,
motivation and dropout, etc.
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The goal of our work is to conceive and develop various tools which consider
complementary and plural aspects of online learning, through individual and/or adap‐
tive, collaborative, fun and massive dimensions. Therefore, the perspective of this work
is to refine our approach in order to provide models, tools and techniques to assist
teachers (pedagogical teams) to improve pedagogical scenarios in MOOCs taking into
account further motivation and adaptation issues.

The main purpose of this paper is not to examine the contribution of MOOCs in
achieving the guidelines traced at the beginning, but to propose solutions to the new issues
raised, especially dropout rates. Indeed, most authors point out a success rate that does not
exceed 10% [3]. We note, however, that dropout in MOOCs differs from classroom-based
courses or event-online diploma courses. The research community have explained this
difference by the relative isolation of the learner in MOOC environments, the goals of the
course or even the qualification of the course (certificate or diploma), etc.

We present in Sects. 2 and 3 a literature review as follow: an instance of the main
fundamentals of MOOCs and educational scenario building concepts in these environ‐
ments, then we discuss the issues related to dropout. We will analyze synthetically the
various causes, issues raised and proposed solutions. In Sect. 4, we present as a discus‐
sion our problematic and positioning related to mentioned work and research.

2 Research Context

2.1 MOOC: Massive Open Online Course

MOOC is an acronym that can be approached in two different ways. First, regardless of
the underlying ideology, MOOCs are essentially a platform [4]. In other words, MOOCs
represent a technical support on which courses are hosted. On the other hand, MOOCs
designate the courses themselves. The MOOC acronym comprises four terms that repre‐
sent a divergence in the research community. They assign different meanings to each
word, related to learning and/or online education. Anderson [5] gives a short description
according to the features of each word. He defines Massive, not only by the large number
of participants, but also by the capacity of the MOOC to scale. Scalability refers here to
the capacity of the course to expand to large numbers, without causing disruption to any
of the components or activities of the educational experience. For Open, he postulates
that most MOOCs are open in the sense of allowing participation anywhere, to anyone
and are open free for participation. However, MOOCs may or may not be open in the
sense of allowing access to course content or in allowing and encouraging open commu‐
nication of ideas and ideals.

Moreover, the origins of MOOCs have used acronyms distinguishing a typology of
these courses: cMOOCs [6] and xMOOCs [7]. Each of these types of MOOC have their
own technological and pedagogical characteristics. As illustrated in Fig. 1, xMOOC is
most of the time comprising traditional approaches of teaching and learning, it places
the teacher as the main leader in the pedagogical scenario process, whereas the cMOOC
is more collaborative. It integrates the learner in a dynamic multi-actors’ process of
instructional scenario building. According to this, we believe that the cMOOC offers a
search field better adapted to our vision and approach. That consists in providing to the
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teacher (in this case even learners who can be potential “teachers”) resources and serv‐
ices to innovate their pedagogical scenarios to motivated learners.

Fig. 1. xMOOC vs. cMOOC

2.2 MOOC: Educational Scenario Building

Educational scenario building is a process of modeling the learning situation. It “is
primarily a content design work, resource organization, planning of the activity and
mediation to induce and support learning and orchestration” [8]. A scenario implies
notions of role, resources, activities and orchestration. It aims to organize and structure
the learner’s activity, to define the role of each actor and the relationship with the used
tools and resources.

To define globally a pedagogical scenario, we transcribe below Pernin and Lejeune’s
definition: “The learning scenario represents the description, performed a priori or a
posteriori, in conducting a learning situation or learning unit for the appropriation of a
specific set of knowledge, it has to specify the roles, activities and the knowledge of
handling resources, tools, and services related to activities’ implementation” [9].

Overall, in the MOOCs, educational scenario building requests innovative and
appropriate approaches of teaching and learning to meet the needs of this new concept.
It should consider two aspects: massiveness and openness.

Specifically in cMOOCs, connectivism aims to promote learning through collabo‐
ration, production, sharing and creating connections between peers; in almost total
openness. In this environment, learners have freedom of choice of learning objectives,
from which connections emerge between individuals sharing the same learning objec‐
tives. Starting from this point, the connected communities are formed by creating a
wealth of resources; personalized courses (paths) are emerging. These paths result from
the contributions of each participant and from networks that are formed throughout the
course. Such courses are based on four principles: aggregation of information and
resources, a reflection on those resources that could be linked to new knowledge, redi‐
recting resources by creating new ones, and finally sharing new resources produced.

Openness of cMOOCs suggests that a pedagogical scenario is not needed and would
even go against the underlying principles. Contrary to this assumption, we believe that
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designing the course connectivists implements educational scenario building practices.
Indeed, despite this opening, it seems necessary to establish conditions that are condu‐
cive to the emergence of connectivist activities.

The success of a connectivist course suggests promoting and supporting learner
autonomy to gain control of their learning and thus promote the creation and emergence
of new resources. Autonomy cannot be taken for granted, “It presupposes abilities that
all people are not equally capable or willing to mobilize” [10]. Learners must create and
produce new resources and knowledge; we believe that they must be guided and oriented
during this process to develop and promote their autonomy. In this line, De Figueiredo
[11] postulates that:

The dependence of the students from “canned” knowledge and their lack of autonomy, proac‐
tivity and initiative has reached unbelievable levels It is vital and urgent to break the vicious
circle of dependence and lack of autonomy (…) The use of the technologies has contributed
significantly to help manage autonomy. The need to instrument autonomy is also beginning to
be understood (…) Once some degree of autonomy is gained, more systematic delegation of
assessment can be started, then needs to be instrumented the locus of control may then be grad‐
ually transferred to the student to let them participate to the actual development of the course.

As part of connectivism implementation Armatas et al. [12] stipulate that “learning
activities are structured to assist students to become independent and autonomous
learners while at the same time providing students with opportunities to develop a range
of technical and professional skills”. From all these points, the need for educational
scenario building in these open environments which depends on the learners’ production
is justified.

The problematization of these findings leads to these questions about the conception
process, deployment and adaptation of cMOOCs:

• Which solutions can be provided to teachers to take into account the massiveness of
cMOOCs, connectivism principles, the plurality of profiles, the emergence of the
educational scenario and finally, the uniqueness of each (course) path?

• Which tools do we have to provide to teachers to conceive a pedagogical cMOOC-
oriented scenario?

• Which tools or dispositives may allow learners to have a control on their learning
and also to visualize the scenario and to adapt it according to their needs?

• How can we design an educational scenario building support which takes account of
the dynamics, flexibility and opening of cMOOCs while maintaining the learners’
autonomy?

3 Dropout Issue in MOOCs: State of the Art

Characterizing precisely the dropout issue is not that easy. One of the possible ways that
we propose to approach it, follows this plan: possible causes of dropout, different
research about the learners’ profiles in this environments and proposed solutions to
dropout.

Many researchers examined the dropout issue in MOOCs. Clow [13] explains the
dropout rate by the demotivation of learners. The view of Cisel [14] covers the initial
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motivation of the participant. Indeed, he says that the interaction of the participant with the
MOOC differs according to his/her post-registration intent and objective. This was
supported by Anderson [5], who emphasized that several participants “enroll” just to
satisfy their curiosity without any intention to complete the course. Other research is in
place around the engagement of learners in a MOOC; we cite in particular the work of
Kizilcec et al. [15]. The authors carried out an empirical study about lack of engagement
of learners and its causes in MOOCs; but also the lack of interaction between partici‐
pants using the MOOC. In the same sense, the fact that the participants are isolated is
considered by many authors as one of the main reasons behind the weak participants’
engagement.

3.1 Research/Studies on Learners’ Profiles

To examine the issues of dropout in MOOCs, we examined work related to learner
profiles in MOOCs. We note the work of Kizilcec et al. [15] and Hill [16] who proposed
classifications of learners that interact with the platform. For illustration, we summarize
here the work of Hill [16]. In this work a classification of participants in a MOOC
according to their degree of involvement in five categories was proposed:

No-Shows – These students appear to be the largest group of those registering for a
Coursera-style MOOC, where people register but never login to the course while it is
active.

Observers – These students login and may read content or browse discussions, but do
not take any form of assessment beyond pop-up quizzes embedded in videos.

Drop-Ins – These are students who perform some activity (watch videos, browse or
participate in discussion forum) for a selected topic within the course, but do not attempt
to complete the entire course. Some of these students use MOOCs informally to find
content that helps them meet course goals elsewhere.

Passive Participants – These are students who view a course as content to consume.
They may watch videos, take quizzes, read discuss forums, but generally do not engage
with the assignments.

Active Participants – These students fully intend to participate in the MOOC and take
part in discussion forums, the majority of assignments and all quizzes and assessments.

In a more recent work, Ferguson et al. [17] describe different “clusters” of learners
from an empirical study of learners’ engagement in different types of MOOCs. The
authors define 7 clusters of learners: Samplers, Strong Starters, Returners, Midway
Dropouts, Nearly there, Late completers and Keen Completers. These clusters are
different according to types of MOOCs. This study shows also that “engagement patterns
are related to pedagogy and course duration” [17].

In our view, these classifications are important for several reasons. The first one is
to understand the types of MOOC learners and evaluate their engagement. The second
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is to research methods and practices that can be applied in order to sustain learners’
motivation and engagement, and consequently reduce dropout rate. The third reason is
to identify specific needs of learners to adapt the content and learning modalities. These
are the solutions discussed below.

3.2 Some Possible Solutions Against Dropout

Based on a literature review, we can distinguish four different approaches to minimize
the dropout rate:

Pedagogical Strategies Approach. This approach is represented by a number of theo‐
retical strategies validated by empirical studies. Among the pedagogical strategies
discussed in the literature, we highlight the work of Williams [18], of adding motiva‐
tional messages to students when solving mathematics problems on the platform [19].
An example of a message in an activity is: “Remember, the more you practice, the
smarter you become”. According to this author, this has led to impressive results that
were validated in practice. A second strategy is to encourage participants to answer
questions and generate explanations before, during and after the activities [18]. Another
method is support learners to manage their time on MOOC platforms [2]. This strategy
argues that non-experience in e-learning and bad time management involve dropout.

Personalization and/or Adaptivity Approach. Several research studies focus on the
importance of personalization to avoid dropout. In this context, we can mention the
PERSUA2MOOC project [20]. This project provides a system for personalization of
learning outcomes in MOOCs. PERSUA2MOOC is a project that aims to “adapt” the
learning activities considering the individualities and teachers’ educational activities.
Another interesting work related to personalization is proposed by Williams et al. [21].
The authors propose a platform-independent framework “MOOClet” that allows
supporting randomized experimentation and adaptive personalization of content in
MOOC platforms. Other works, such as Gutiérrez-Rojas et al. [22], present a scheduling
algorithm to suggest dynamically the optimum time for learners to learn, considering
their profiles, preferences and priorities. This algorithm is implemented by an adaptive
scheduler named MyLearningMentor, which provides a sequence of scheduled tasks.
Other studies use the model of Felder and Silverman [23] to identify learning styles to
provide an adaptive navigation strategy. Another solution is proposed by Cherkaoui
et al. [24] with a model of adaptation in Online Learning Environments including MOOC
platforms; the aim of this work is to propose an architecture of adaptation model taking
into account several dimensions: individual dimension, the massive dimension, the
social dimension and the fun dimension.

Gamification Approach. Integrating games into the learning process is a solution to
capture a larger audience, to motivate and maintain learners’ motivation and engagement
during the learning activity. Indeed, the coupling of learning, virtual reality and video
games allows us to consider the integration of serious games in the online learning
process, mentioned in research work [25, 26].
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Technological Approach. Finally, we note that in addition to video, MOOCs also
follow technological ascent, implementing other web2.0 tools, namely, social networks,
wikis, forums, etc.

In our view, identifying these works is important for several reasons: (1) compile
and analyze the state-of-the-art in MOOC research that has been conducted on dropout
issue in MOOCs; (2) identify the methods and practices that are applied in order to
reduce dropout rate; (3) conduct research on how to reduce dropout in MOOC environ‐
ments by investigating new models; and (4) examine the context within which further
work can take place by identifying opportunities that lie ahead in this research area and
make a significant contribution to future research.

Although many research works have addressed the need to reduce dropout rates in
MOOC environments, there is not yet any tangible research that focuses on educational
scenario building via a teacher-centered process in particular, by introducing and imple‐
menting motivational aspects and practices into pedagogical scenarios.

4 Our Work: Positioning and Methodology

The emergence of cMOOCs is constrained by creating favorable conditions and envi‐
ronments for teachers to design their courses and for learners to increase their autonomy.

Our hypothesis lies in the proposal of an adequate process of educational scenario
building that is suitable with connectivist aspects. From this point of view, the proposal
for cMOOC course authoring tools seems to us a solution to encourage teachers to move
towards this model, which to date does not have as much success as the xMOOC.

Our work stems from a need to improve cMOOC environments by supporting the
implementation of situations and educational activities based on a connectivist approach
through a structured and dynamic pedagogical scenario. We aim to provide conceptual
and technical tools for teachers to design pedagogical scenarios, and for teachers and
students to adapt their scenarios. This is what we describe in the rest of this chapter.

To meet the requirements above, we propose a cMOOC-oriented cycle (Fig. 2) that
will consider on the one hand the pedagogical scenario building and its implementation.
In our context, this process will rebuild the interdisciplinary connections by introducing
concrete contexts of application based on the main activities of connectivism (formali‐
zation and deployment phases), and, on the other hand, the dynamic adaptation to
learners’ progression through tools that allow drawing up a progressive, emergent course
scenario and knowledge consolidation (adaptation process phase).

1. Formalization: The aim of this phase is to provide teachers with tools and/or models
to assist them in the design of formalized cMOOC-oriented scenarios. Our first
contribution, arising from these needs, lies in proposing a meta-model of a connec‐
tivist pedagogical scenario taking into account the massiveness aspect of cMOOC
environments. Our model will be built in several layers. The first level of abstraction
is represented by the four activities of connectivism cited previously (aggregation,
remixing, repurposing and feed forwarding). Technically, in this phase, we aim to
develop a cMOOC-oriented scenario editor in a common language that can be used
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by different actors involved in the implementation process of learning systems to
meet the starting educational intentions all over the design process.

2. Deployment: The aim of this phase is to operationalize pedagogical scenarios in a
cMOOC platform. Our contribution lies in the proposal for an operationalization
process allowing teachers to create deployable learning scenarios. This phase is to
provide a solution (or set of solutions) that allows deployment of pedagogical
scenarios generated during the “formalization” phase on a MOOC platform. We will
offer elements and services that allow the dynamic implementation of built scenarios:
any change on the workflow will be included on the platform and vice versa.

3. Adaptation: This phase is designed to permit compliance with one of the connec‐
tivism aspects through our proposal: the learner is an actor of his learning, he is not
anymore a consumer of resources but a creator. The learner is dynamically involved
in the instructional scenario building process. As mentioned above, the educational
scenario building process, in connectivist environments, is immersing throughout
the learning session. Thus, our objective is to bring solutions to the emergence of
needs (motivational, functional, etc.) throughout the learning process. Our contri‐
bution is to offer an adaptation model, that takes into account:
• The plurality of profiles, the uniqueness and respect of their personal learning

objectives.
• A real-time adaptation solution.
• The possibility of the integration of motivational aspects.

5 Conclusion

This paper first presented the two axes related to our work, namely: cMOOCs and
educational scenario building in those environments. The synthesis of the literature
highlights our views on the approach of dropout along three dimensions: possible causes
of dropout, research related to the types of participants and solutions to minimize the
dropout rate. The literature review demonstrates that all cited points are complementary
and also highlights the importance of motivation as a solution to reduce dropout rate.
Analysis of various works highlights several tracks. The objective of our work is to
propose an approach, models, methods and techniques to users of MOOCs, to take into

Fig. 2. cMOOC-oriented cycle
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account motivation concepts in the design, adaptation and/or personalization of their
pedagogical scenarios taking into account specification of cMOOC environments.
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Using Images as a Stimulus to Explore the Identity
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Abstract. The computing curriculum in English secondary education is now
officially in its second year of implementation. A new, specialist group of student
teachers are being trained to be able to deliver the new, rigorous computing
curriculum. In this emerging curriculum area, it is essential teachers explore their
own identity, beliefs and values in order to deliver effectively and ensure enjoy‐
ment for both themselves and the pupils they teach. In this study, the student
teachers engage with images and place them in a hierarchy to stimulate honest
discussion and exploration of computing teacher identity. Whilst the student
teachers resonate with approaches in the classroom, such as group work, engage‐
ment with the computing curriculum topics themselves are limited and show an
area which may require more attention and challenge in the computing teacher
training programme.

Keywords: Computing education · ICT education · Student teachers · Identity

1 Introduction

The National Curriculum in England has undergone a significant shift; from September
2014 ICT education was withdrawn and replaced with computing [1]. As a result, Initial
Teacher Education (ITE) courses have been updated to reflect the requirement for new,
specialist teachers to enter the profession. Secondary trainee teachers in England now
follow courses in ‘Computing’ or ‘Computing with [Information and Communication
Technologies] ICT’. The courses attract a range of graduate applicants, some direct from
computing-related degree courses and others from industry and computer-related
employment. For some applicants their computing subject knowledge is broad and in
sufficient depth to teach to the highest levels, others may have more specialist back‐
grounds and so need to follow a computing subject knowledge enhancement course prior
to teacher training. The opportunity to teach the ‘new’ subject attracted 878 students in
England between 2013 and 2015 [2]. The availability of bursaries to support career
change and the availability of subject knowledge enhancement courses has brought in
a wide range of students, differing in age, background and expectations. Added to the
eclectic mix of students are a range of school-based mentors, many of whom are not
computing specialists themselves but may have been teaching an ICT-based curriculum
for considerable time. Those that are computing specialists may have found themselves
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teaching mathematics or more science-based subjects so the opportunity to engage with
their specialism is also a new experience. Although a rapidly developing area, finding
trainee teachers an experienced school-based mentor who is a computing specialist is a
challenge.

The context of change and curriculum reform adds an additional layer of complexity
for trainee computing teachers. Developing an identity as a teacher, whilst a changeable
and evolving process, is crucial as part of any ITE where students are given the oppor‐
tunity to explore their values and beliefs, how they are learning and the context in which
they will work; a process of becoming [3]. The computing trainees may well receive
mixed messages from mentors, university tutors, the media and pupils themselves. All
those involved in the curriculum change will also be identifying their own role and
position within it so therefore, whilst thinking primarily of their own position, the
trainees are also subject to mixed rhetoric from those around them. Exploring identity
within this context is therefore more crucial yet more challenging than for many other
subject areas at this time.

2 Exploring Identity

2.1 The Importance of Identity Construction

Studies have found supporting teachers in the exploration of their identity has allowed
teachers to ‘grow in service to students’, develop better teaching, renew practice and
ultimately enjoy the role [4, 5]. Leuhmann prioritised ‘recognition work’ with student
science teachers in order to provide opportunities for the student teachers to explore
their identity through personal reflection and exploratory processes such as keeping
journals and engaging in discussion. The methods of exploring teacher identity vary in
nature but are similar in aim, in order to identify external influences (including prior
experience and own education), professional factors, personal factors and uncovering a
set of values, beliefs and goals held by the teacher [6].

Ni and Guzdial [6] carried out a study exclusively with teachers of computer science
in the United States of America (USA). They found varied identities, with particular
differences in motivation and confidence with the subject of computer science. Respond‐
ents in the survey very much attached themselves to labels such as programming,
computer science and the complexities of the subject. With the current government
rhetoric in England there is a danger of current student teachers in computing finding
themselves attached to the lexicon rather than the underlying values and priorities they
have as computing teachers. There is a drive for computing to portray itself as having
far more academic rigour and challenge than its predecessor, ICT, and current student
teachers are very much part of this emerging landscape [7].

Assessment practices are also developing. The national qualifications in England
taken by school pupils at age 16 years now require 80% of assessment to be completed
through written examinations. This results in very little of the two-year course being
practical requiring ‘project based’ computing solutions. For student teachers this may
be at odds with their own experience in industry before training to be teachers or in their
own personal experience of being engaged in the ‘maker movement’ or ‘hackerthon’
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type events. In these, constructivism is very much favoured with participants ‘playing’
and exploring to discover new learning [8].

Support during the teacher training course and in negotiating a path through the range
of conflicting influences, terminology and rhetoric is provided by school-based mentors.
School-based mentors help shape the teacher the student becomes through the commu‐
nication of classroom practice-based values that the student may then receive or reject.
At the same time, the students will need to feel valued by their mentors in order to feel
self-worth in their development as teachers [9]. Where the student teachers may have
greater subject knowledge than their mentors this may add complexity to how mentors
support the development of student teacher identity. Subject knowledge may become
less of a priority for the students or could even lead to them devaluing the beliefs and
advice of the mentors and so seek values from alternative sources.

2.2 Image as a Provocation

In an attempt to break away from the lexicon of the emerging computing curriculum, a
visual approach to exploring identity is being taken. The theoretical frameworks for this
study are varied yet interwoven. The study draws on identity theory and on semiology;
how is identity portrayed or interpreted? The study also ‘borrows’ from art theorists.
This section outlines the frameworks that are drawn upon in this study but also explores
the overlaps within the fields.

Foucault considers a painting of a pipe, which features a blackboard stating ‘this is
not a pipe’ within the image, depicting yet another pipe. The reading of this image by
Foucault outlines a number of ambiguities [10]. The discussion extends for some time
and raises a number of questions about the painting. What is clearly illustrated is the
non-relation, or the very complex relation between the painting and its title. The intention
of the artist, Magritte, is to challenge the viewer of the image and focus their attention
on the very act of naming. The tension between the naming of the painting and the objects
portrayed, resemblance and affirmation, is where the viewers (or ‘reader’ of the image)
are forced to think, to devise meaning and consider their own view. Without the text,
the painting would be accepted by most as a representation of a pipe.

The tension that can be created through visual representation and opposing text can
also be initiated through contradictory images. In an attempt to move away from lexicon,
the same tensions can be developed and so similar commitment from the ‘reader’ is
required. Two images are presented, using the anchorage ‘pupils at work’; firstly an
image of children sitting in rows, working on paper without evident speech or move‐
ment; secondly, a small group of children clearly talking and focussed on a central
resource. A choice needs to be made, which one is most representative of ‘pupils at
work’. For this to happen, as a reader of the images, you would need to draw on your
own experiences, your understanding of ‘work’ and which image most resonates. The
comparative process aids the reader, not only to view the image, but consider their own
position and so new understanding of it.

There is a concern that this process of comparing and selecting images is simplistic
and limited in scope. The images may be isotopic in nature so the comparison becomes
superficial, a tangle of words and images with little contradiction to sustain a purposeful
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discourse [11, 12]. However, within this process of comparing images, the multiplicity
of layers and ‘readings’ on an image adds further value and legitimacy to the method.
Even the most naive of images (produced without intention or message, if this is indeed
possible) will convey characteristics of a message; even if not substantial these will be
relational in some way to the ‘reader’ [12]. Without applying their own experience and
prior understanding to the reading, signs would not be understood and the image would
be unintelligible to the reader. Each reading of an image is therefore individual, based
on experience and understanding, so in exploring one’s own readings of signs, a consid‐
eration of one’s own experience, beliefs and identity will be required.

3 Methodology

The study involved 40 trainee computing teachers from two different cohorts between
September 2014 and December 2015. The students worked in pairs to discuss, respond
and reflect on the process.

Participants were given 18 images and requested to select only 9 to feature in their
completed diagram. This first part of the process required the trainee teachers to act as
‘readers’ of the images. They discussed what each of the images meant to them and
agreed half of the images to be discarded. They were instructed to keep the 9 that most
resonated with them as teachers of computing. By working in pairs, the students were
required to articulate their view of each image and come to a consensus as to which
images are given priority.

The images selected for the process were varied in nature and included a selection
of photographs from classroom situations, topics delivered within ICT or computing
classrooms, and pupil work. Each image was numbered for purposes of analysis but
these were allocated randomly. The students were given the images as a shuffled pile of
cards. The students were given no further information on what the images depicted,
although they were much larger than the examples presented below. Students were asked
to annotate, wherever appropriate, to provide an insight into their reading or positioning
of the image. A copy of all images is available online [13].

Depicting pupil activity within learning settings (Fig. 1):

• Image 4 is a view of a typical examination setting. All English national computing
qualifications will require 80% assessment through a written examination.

• Image 9 is a pupil connecting a MakeyMakey with Scratch running on screen.

Depicting pupil work in computing or ICT lessons:

• Image 2 shows a hand-drawn flow chart.
• Image 6 shows a pupil working on a tablet, here using the Beebot application.

Depicting classroom display or on-screen presentation of pupil work from computing
and ICT lessons:

• Image 3 shows two pieces of hardware along with moveable printed labels.
• Image 10 is a hand-drawn poster depicting ‘Internet Safety Girl’.
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Following the discussion and selection of an agreed 9 images, the students were
given a ‘Diamond 9’ shape as shown in Fig. 2.

Fig. 2. An example of a completed diamond 9

They were requested to place their images within the hierarchical structure, the most
important being at the top of the diamond and the least at the base. This time, rather than
just being ‘readers’ of images, the students were required to draw on their beliefs, values
and classroom practice to prioritise images. This process has been used successfully to

Image 4 Image 2 Image 3 

Image 9 Image 6 Image 10

Fig. 1. Examples of images from the study
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develop discussion and identify tacit thoughts of abstract concepts, particularly with
school age children [14, 15].

4 Results and Findings

Approaches to analysis of the data are three-fold. The first two make use of a basic
statistical analysis to identify patterns and trends in the selection and placement of the
data. The first looks at the overall usage of each image using a weighted score dependent
on the position anywhere within the Diamond (Fig. 3).

Fig. 3. Summary data showing weighted scores for each image based on overall use within the
diamond 9

The second simply identifies the images most commonly used in the top 3 rows of
the diamond formation (Fig. 4). Thirdly the Diamond 9 responses are compared to
consider the annotation added by the participants.

Images 5 and 7 are most prevalent in their use within the diamonds. One depicts
pupils clearly conversing and working together around a laptop. It is labelled throughout
the responses with appropriate ‘buzz words’ (for example, Fig. 5). These are terms that
currently feature prominently across much teacher training and development across all
curriculum areas. These descriptors include ‘peer learning’, ‘group work’, ‘interactive
learning’, ‘learning by doing’, ‘active learning’ and ‘experimental learning’. Also
featuring highly are practical work, pupil-led learning and teacher support.
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Fig. 5. Annotated image 7 labelled as group work, peer teaching and active learning

Image 10 also featured strongly throughout many of the diamonds. Interestingly, it
is one of the few images that does not depict a computer or some aspect of specific
computing subject knowledge. The image portrays a hand-drawn ‘super hero girl’ who
knows how to stay safe online. The annotations (Fig. 6) mainly feature an ‘e-safety’
label, never alluding to a reading of the image other than the safety message.

Fig. 6. Annotated internet safety girl

Fig. 4. Summary data showing frequency of images used in the top three positions within the
diamond 9
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The trainees are reading this image as the pupil illustrator intended and have held
fast to the message. They have identified safeguarding as being one of their top-most
priorities as a teacher, the need to protect and even nurture the pupils in their use of the
internet. This notion of the caring nature of the role resonates strongly with some of the
findings Walkerdine identified from her own exploration of teacher identity [16].

Interestingly, code, assessment and curriculum seldom featured or were placed in
low positions on the Diamond. Where they were included the annotation was very basic,
often including straightforward terms such as ‘programming’ and ‘coding’. Very few
of the wider terms and content featured in the National Curriculum Computing document
were included in any of the annotation and images that may have suggested these were
placed very low in the hierarchy or not featured. These omissions are the terms most
associated with current ‘measures’ of the English computing education through Ofsted
and government-led computing curriculum rhetoric. What was clearly apparent,
however, was the rejection of ‘ICT’ both as a curriculum subject and in the wider context.
Only one image displayed use of a mobile device and there is a clear dislike for traditional
ICT-type tasks such as the annotated database shown in Fig. 7.

Fig. 7. Database structure with student annotation

The student teachers were also asked to note any omissions they felt they were unable
to represent from the images with which they were provided. Not all felt the need to take
this opportunity; however, some were listed: cross curricular, inclusion, marking, differ‐
entiation, behaviour, class discussions and the internet. It is interesting how this list
features some of the more challenging aspects of teaching and yet none of the images
have been annotated in a way to suggest they have been ‘read’ as a negative feature of
teaching as a profession. This is due to the nature of the study with student teachers
being asked to prioritise and look at importance. This suggests the process may lend
itself to being used in different ways, for example, specifically addressing curriculum
design or teacher challenges.

One of the most revealing aspects of this research process was the participant
response. The trainee teachers fully engaged with the process and were fascinated by
the outcome, both their own and those of others. Following the task they requested to
look at each other’s work and discussed and justified their own decision making process.
It also allowed university-based teacher educators to have a greater understanding of
the student teacher identity and support areas they felt may be worth further discussion
and exploration.

By only recording the final annotated diamonds for this study, much rich data was
lost. Recording the discussions the trainees were having during the process would have
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provided additional insight into the process and the actual awakening of teacher identity
occurring within the group. With the second cohort the student teachers were asked to
volunteer to record their discussions. Only one pair did and after a short while asked if
they could stop the recording. They felt their discussions were less honest and free
flowing as they were conscious that university staff may listen to what they said. It may
be more appropriate for student teachers to develop their own personal reflections
following the discussion to contribute towards the understanding of the process. Also
revisiting this activity at a later date would add another insight into identity development
amongst the student teachers. What is most important is that student teachers have the
opportunity to construct and re-construct their identity as part of their teacher training
programme [17].

5 Conclusion

A main finding from the Diamond 9s is the lack of priority given to subject specific
topics or classroom activity. Student teachers are clearly more engaged in the ‘how’ of
their teaching rather than the ‘what’. Maybe this is where student teachers feel they have
the most freedom and ability to develop their own practice, whereas the computing
curriculum is a given. Conflicts between personal identity and the mandated curriculum
can really hamper teacher development, a sense of achievement and so job satisfaction
[18]. In the new field of computing education in English high schools, it is important
any conflicts are explored, particularly to ensure the growing number of specialist
teachers are able to contribute their ideas and beliefs to the development of the curric‐
ulum and to ensure retention of this new group of teachers. It is essential time is given
to this within computing teacher training programmes and student teachers are able to
explore where they may have ownership and influence in curriculum development in
schools.

What is clear is the images have been a valuable stimulus for discussion. A move to
images has ensured the student teachers have been able to have jargon-free, open discus‐
sions and really explore the aspects of teaching they most resonate with rather than
paying lip service to computing curriculum rhetoric or the assessed requirements of the
course. In this study the images have been collected and issued to the students.
Expanding the process to encourage student teachers to take their own images, through
a photo journal, may encourage them to ‘look’ at their teaching practice from a different
perspective. This way the process would develop to be more personally reflective and
explore identity over a period of time.

The process embraced within this paper, whilst at an early stage of development, is
already appreciated by student teachers and student teacher educators. The process of
engaging with the images has allowed a space for discussion and exploration which may
otherwise be missed. It is important, particularly in the developing area of training
computing teachers, that identity continues to be explored.
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Abstract. While data-driven decision-making has become a new paradigm for
school development and accountability, research on the underlying ICT infra‐
structures and the ICT management processes have been less prominent. With
the trend of datafication, educational management gains new options but also
requires adequate controlling mechanisms to take care of the data and to account
for privacy and security. The information management cycle can be used to define
all relevant aspects of the management process. This is adopted to the specific
situation of educational institutions and furthermore extended to account for the
different levels of educational governance. This leads to a new concept of educa‐
tional technology governance as a necessary frame for supporting datafication
processes.

Keywords: Educational governance · ICT management · Datafication ·
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1 Datafication: A Societal Trend

In the past decade, an increasing trend to measure social life in numbers can be observed
as part of the so-called ‘audit society’ [1]. With this turn, almost all aspects of social life
have become measured and quantified. Originating from the business sector, large-scale
data have attracted the attention of many education scientists as a basis for decision-
making aiming at education improvement. Decision support systems in the field of
education have started to emerge in which student data are used in a feedback loop to
improve student performance. Datafication raises expectations concerning increasing
transparency for the public, accountability and civic participation but also associated
fears with respect to surveillance and privacy [2]. This is also addressed in recent critical
studies on ‘big data’ [3–6].

Educational decision-making processes are increasingly linked to the collection,
processing and visualization of data [7–9]. These data practices relate to schools’
performances and student achievements, which are compared on a national and inter‐
national scale. They affect salaries of teachers and school managers, which are adjusted
according to test scores as well as decision-making of parents for school choice or control
of teachers. The general idea is twofold: data can be used for school improvement
[8–10], but also for accountability [11–14]. This is part of a larger output-orientation of
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education measured by standardized achievement tests (high stakes), which started in
the U.S., Australia and the UK and has a growing importance all over the world [15].
This output-orientation goes hand in hand with increased control (governance) of school
systems [11], also based on neo-liberal reforms for ‘new public management’ [16].
Selwyn [17] points out that data are being generated and processed in increased volume,
velocity and variety, resulting in what is known as large-scale data or big data. This
trend has increasingly led to discussions on data mining and analytics in business,
science and government. Williamson [18] speaks of ‘governing software’ and the
‘emergence of “digital governance” in public education’ (p.83). He argues that educa‐
tional decision-making is increasingly being delegated to database-driven analytics
software and states that ‘software has now become a significant social actor that can
govern and shape people’s lives’ [18].

Within the educational context, more data and more heterogeneous data are being
generated—deliberately—for monitoring, surveillance or evaluation purposes but
also—automatically—through routine operations of digital devices and systems [17].
They range from computer-based tests to learning analytics on large-scale data in
complex information systems. They allow the ‘recording, storage, manipulation and
distribution of data in digital form’ [17, emphasis in original]. Digital data are distinct
from pre-digital forms as they may be exhaustive in scope, highly detailed and can be
combined in a flexible manner. Datafication has to be understood in different dimensions.
As more and more media are based on computer devices and software, we generate
‘digital traces’ [19] by using them. This can be aggregated and processed automatically.
A rather new trend is learning analytics and educational data mining. While some
embrace the new opportunities for improving teaching and learning [20–22], others refer
to the challenges of an education system which is defined algorithmically [23–25].

2 Datafication and Educational Governance

Eynon [26] points out that the use of big data observed in the educational sector is not
a new phenomenon, as it has been widely applied in the commercial sectors, where data
sets are combined to understand markets, as well as in the field of natural sciences. In
the business sector, customer satisfaction is usually utilized to measure how well a
company performs. The more satisfied the customers are with the service provided by
a company, the more profits are likely to be gained. Likewise, in the education sector,
students’ performance is usually used to measure the quality of education, i.e., the better
the students perform, the better the quality of education is usually perceived to be.
Education itself brings profit to a country from the perspective of improvement of human
capital. In this context, educational government bodies can be seen as the main organ‐
izations that provide services to society in the form of education. Especially in education,
the governance structure of the education system has a strong explanatory power to
understand changes from the classroom level (micro) to the organizational level (meso)
to the policy level (macro). ICT has to be embedded in each of these levels and has its
impact across the levels. We follow the framework model of educational governance
[27, 28] and contextualize it to the role of ICT in schooling [29]. The three-tier model
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of educational technology governance allows a broader view on the intertwined
processes on the macro, meso and micro level.

On the macro level, in most countries, public pressure on changing education policy
enforced by international non-governmental organizations (like OECD or IEA) can been
observed since the publication of PISA results in the 1990s. Martens et al. [15] explained
different reactions of nation states to these pressures – from adoption of achievement
tests in the national education policy, to ignoring it. They even identified a convergence
of educational systems to follow the logic of the test systems [30].

Other studies in education policy highlight numbers and evidence-based policy as
the mode of educational governance in Australia [31]. They point out that from a socio‐
logical point of view, it is necessary to be aware of the social construction behind the
numbers, which come to constitute education policy, as an understanding of the socially
constructed nature of data leads to the identification of its weaknesses and strategies to
improve. On the meso level of the district (or region), comprehensive information
systems have been built in order to cope with increasing data [32–34]. This level is rather
under-researched as intermediaries are less in focus but also the differences of educa‐
tional governance across countries are particularly strong. Depending on the level of
autonomy of the schools, the centralization or decentralization of the national school
system as well as the size of the school system to be attractive for commercial software
companies varies. Hence, the micro level of the school according to data practices and
school information systems has been studied extensively. This ranges from technology
adoption of school information systems [35, 36] by administrators and teachers to
different uses of information systems for performance feedback [37–39] to learning
analytics [20, 25]. In this paper, we argue that all information systems and the underlying
infrastructures need to be managed, i.e. planned, organized and controlled.

3 Educational Technology Governance for a Datafied
Education System

3.1 Educational Information Management

Data are a carrier of information that can be turned into knowledge when they are inter‐
preted in a particular context by humans. This knowledge may lead to action by indi‐
viduals or organizations when it is perceived as referring to a certain context [10]. Data,
information and knowledge can be seen as a continuum where information management
is rooted in an efficient and reliable infrastructure for data processing [40]. In the enter‐
prise world, the purpose is to make an enterprise as intelligent as possible by valuing its
knowledge assets for success. Choo [40] defines an intelligent organization as one, which
is able to learn from its internal and external environments, by detecting and correcting
errors between outcome and expectation. Internal environment in this context refers to
any available data or information that originates from within the organization. Applying
this to the educational sector, student performance can be improved by learning from
data or information that resides in the information system the educational institution
operates.
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While in general information systems can be understood as technologies and asso‐
ciated people and processes, Visscher [41] defines an information system in the context
of education as any computer or set of computers with data bases that enable users to
record, process, retrieve and distribute data. Breiter et al. [42] make a clear distinction
of the following types of school information systems: (1) Assessment information
system, (2) Learning management system, (3) Administrative school information
system, and (4) Electronic school directory. An assessment information system is aimed
at presenting the evaluation results of students and schools. Drawing on self-evaluation
tests, classroom-based assessments or standardized tests, this information system is
accessed by students, teachers, parents, and decision-makers. Learning management
systems are about teaching and learning and are addressed at teachers and students, such
as e-learning or learning platforms. Administrative school information systems are used
for administrative or management purposes of school staff. Electronic school directories
cover school master data, such as school profiles or addresses, which are usually made
available to the public.

Information systems are means to the end for better decision-making, based on an
ICT infrastructure (networks, databases etc.) which itself needs to be managed (Fig. 1).
Anagnostopoulos et al. [12] define the underlying information infrastructure as an
assemblage of people, technology and policy. This infrastructure is described as being
similar to the physical infrastructure of cities or states, which includes canals, traffic and
street intersections. For an efficient transportation across countries or regions, this infra‐
structure needs people to design, build and maintain it continuously, including its rules,
norms, and underlying assumptions about its use. The term infrastructure itself is defined
as something big, layered, and complex, where adjustment involves aspects dependent
on the context applied [43, 44]. Information infrastructures can be regarded as institu‐
tions or formative contexts on the basis that they ‘constitute the background condition
for action, enforcing constraints, giving direction and meaning, and setting the range of
opportunities for undertaking action’ [45]. The implication is that as they are ‘infused
with value’, they become more taken for granted and less expendable. When it comes
to decision support systems in the education area, Anagnostopoulos et al. [12] define
the underlying information infrastructure as an assemblage of people, technology and
policy, using the famous term of Latour [46]. This infrastructure is described as being
similar to the physical infrastructure of cities or states, which includes canals, traffic and
street intersections. For an efficient transportation across countries or regions, this infra‐
structure needs people to design, build and maintain it continuously, including its rules,
norms, and underlying assumptions about its use. The information infrastructure itself
is pointed out to have economic, social, political and cultural impacts. It is more than
just technology, as it is (re)shaped through the interaction of individual, social, political
and technological forces.

As in business, we can find additional cross-sectional educational management
processes on the leadership level such as strategic development, human resources and
staff development, organizational issues and controlling. On the top level, the avail‐
ability of data to make informed decisions as well as the demand for this data has to
be managed. Further research suggests that this is not a static concept but has to be
regarded as an ongoing process across the levels. As we know from generic
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technology acceptance models [47, 48], as well as from research on school informa‐
tion systems [41], perceived usefulness and ease of use are predictors for integrating
technology in everyday activities.

According to Choo [40], the information management cycle consists of a continuous
loop with six distinct steps. It starts with (1) the identification of information needs,
which basically consists of answering the questions of what kind of data are needed for
which purposes. This is then followed by (2) information acquisition (data collection),
(3) information organization and storage (data storage), (4) development of information
products and services and (5) data distribution, which is executed by data organizers
with the help of ICTs, and then (6) information use.

From an educational management perspective, input data in this system are not
limited to student achievement data only, but the system can also be fed with other kinds
of related data. Student achievement assessments have been widely accepted as the
standard to evaluate student performance for class, school or international levels of
comparison. Additionally, budget data, process data, students’ e-portfolios or computer-
generated data like logfiles [24] or from learning analytics [20, 25] can be added to build
a heterogeneous data set with different formats, time span, from structured to non-struc‐
tured and in different aggregation levels. These are typically all characteristics of “big
data” [50].

3.2 Educational Technology Governance

The process character of the management cycle and the relevance of data for decision
making on the different levels of educational governance illustrates the necessity for an
overall plan and control mechanism. As this is already in place following the Deming-
cycle of plan, do, check and act (PDCA) in IT Governance, the next step is to account
for the special aspects of IT in educational management. Usually, the term information
technology governance is used in two different directions: First, as a description of how

Fig. 1. Information management in education (adaptation from [49])
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decisions on ICT are made in complex organizations in order to align IT and business
[51]. Weill and Ross [52] define information technology governance as follows: ‘Spec‐
ifying the decision rights and accountability framework to encourage desirable behavior
in the use of IT’ (p.8). They make a distinction between different forms of organizational
structures: from IT or business monopoly in which one defines the action of the other
(i.e. IT drives business or vice versa) to duopolies and to anarchy. Empirical research
based on quantitative studies research shows a positive and significant linkage between
information technology governance mechanisms and strategic alignment and, further,
between strategic alignment and organizational performance [53]. In educational gover‐
nance research, there is no correspondent research, yet.

Second, IT governance is used as a definition of meta-processes for ‘good gover‐
nance’ to support strategic business development. The currently most accepted model
is COBIT in its version 5 [54]. In COBIT 5, information technology governance is
‘… the system by which the current and future use of ICT is directed and controlled’ (p.
3). The standard identifies three core elements: (1) Evaluate: checking for current and
future use of IT; (2) Direct: defining directives to prepare and implement strategies,
plans and guidelines to secure IT business alignment; (3) Monitor: controlling the
implementation and the capabilities. COBIT encompasses altogether 37 sub-processes,
which are defined with activities, metrics and input-output relations. Furthermore, a
maturity level can be assigned to each process in order to monitor quality for continuous
improvement.

Transferred to educational technologies, this would mean to implement governance
processes on both the strategic and the operational level, focusing on teaching and
learning as well as on educational management.

4 Conclusions

As we have highlighted, the rise of data for decision-making on all levels of educational
governance has not only implications for preventing unintended consequences but also
for processes of ICT management. The information management cycle needs to be
reflected on all three levels of educational governance. It is part of educational policy
making, requiring adequate data provision, which allow national and international
comparisons. This demand is built into information systems, which are based on ICT
infrastructures (e.g. national indicators, ranking systems, databases by state and non-
governmental organizations, state-wide information systems). On the meso level of the
school district, district-wide information systems are in place, serving for the needs of
administrators and policy makers. On the micro level of the school, building manage‐
ment needs data, implemented in school information systems and based on ICT infra‐
structure. Additionally, there are cross-sectional processes on each level and, as a distinct
characteristic of the school system, also across levels. Not only the data provision is
bottom-up from the school to the policy level (e.g. as reports and achievement test
results) but also from school to district and from district to school, and vice versa.
Furthermore, specific requirements to process sensible educational data such as grades,
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performance levels or attendance need to be embedded into an overall policy of privacy
and security.

As we concluded, the strategic processes need to be implemented, managed and
monitored. In order to cope with the challenge of datafication on a large scale, strategic
processes of governance for educational technologies are necessary. This is relevant for
both the administrative data practices and teaching and learning. Education systems and
policy makers could save time and energy by adopting existing models from business.
This would lead education and educational technology to the next level of professional
management.
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Abstract. The paper tries to answer the question – can IT tools help to solve
e-cheating problem during the course of information technologies and computer
sciences. The scale of e-cheating leads to the situation that dishonest students
have better grades than honest ones. None of the simple solutions known from
the literature helped to solve that problem, so IT tools were used. The first part
of the paper gives a critical review of the literature of the subject. In the second
one comparative analysis of results of the two surveys is performed. The first
one was based on a survey conducted in United States, the second in Australia.
This analysis shows that there are very big cultural differences in students’
attitude to cheating in different countries. The third part presents two software
solutions of e-cheating problem investigated during research – monitoring
software and safe exam browser. Final remarks are accompanied by raising an
open question – will these IT solutions be valuable in the coming decade?

Keywords: Cheating � Plagiarism � Collusion � E-learning

1 Introduction and Literature Review

Cheating is perhaps as old as education. Mavis [1] wrote about college cheating as a
function of subject and situational variables in 1962 and Haines [2] about college
cheating as an effect of immaturity, lack of commitment, and a neutralizing attitude in
1986 and also ten years later [3]. But nowadays due to the information and commu-
nication technology it is much easier to cheat so it starts to be a crucial problem. There
were tens of papers written on this subject. The review can be found in [4]. The answer
to the important philosophical question why cheating is so wrong can be found in [5].
According to Bouville cheating can be frustrating for the instructors because it can be
interpreted as the direct affront. Instructors can also feel betrayed. But the most
important reason is the fact that cheating can influence grades which are an information
how good a student is. So finally good and fair students can have worse grades than
cheaters.

It is very important to distinguish between different forms of cheating. Johnston in
[6] precisely defined plagiarism and collusion as forms of cheating and illustrated this
in a very intuitive way (see Fig. 1). Plagiarism is “the submission of material (written,
visual or oral) originally produced by another person or persons without due
acknowledgement so that the work could be assumed to be the student’s own”. On the
other hand, “collusion is the term used to describe any form of joint effort intended to
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deceive an assessor as to who was actually responsible for producing the material
submitted for assessment.” One should also distinguish unintended plagiarism and
improper collaboration which can be treated as elements of poor academic practice.

According to Barret and Cox [7] the line between collusion and collaboration is
hazy but at least students are learning something by cheating. A similar problem was
investigated by Sutherland [8]. She wrote about crossing the line and raised the fun-
damental question – collusion or collaboration in the university group work?
Dabrovska [9] expanded Johnston’s classification of cheating giving various examples
of dishonest behavior but the problem of avoiding plagiarism and collusion remained
open. Fraser in [10, 11] presented the problem of collaboration, collusion and pla-
giarism in a computer science coursework. Mahmood in [12] investigated students’
understanding of plagiarism and collusion and gave some recommendations for aca-
demics. There are also books written about these problems. Carroll [13] wrote a
handbook for deterring plagiarism in higher education, while Culvin [14] wrote a book
on plagiarism, prevention, deterrence and detection.

There are only a few papers devoted to technical issues. Ajanovski [15] prepared
best a practice document on access control and monitoring for campus computer labs.
Keresztury [16] warned instructors, that in the electronic teaching era there are many
new cheating methods. Khan in [17] wrote in his paper about new e-cheating tech-
nologies. Leister in [18] presented how to prevent unwanted communication in
ICT-based examinations by using free software. Omer in [19] described network ser-
vices application to controlling and developing computer laboratories. Uhrakova in
[20] investigated the attitude of students towards electronic and non-electronic cheat-
ing. Kumar in [21] examined security issues in the learning management system
Moodle. Faucher in [22] presented innovative teaching techniques and the detection
and prevention of them. Harper in [23, 24] described the problem of high tech cheating
in nurse education. None of the solutions from these papers can be directly used during
tests in a computer laboratory.

During the last decade different forms of e-cheating were getting more and more
popular during the classes in information technologies and computer sciences described
in details in [25, 26]. This resulted in a ridiculous situation when cheating students in
many cases had better grades than honest students. Simple pedagogical hints given by

CHEATING

PLAGIARISM
collusion
COLLABORATION

Fig. 1. Plagiarism and collusion as forms of cheating – adapted from Johnston [6].
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McDowell and Brown [27] like: “use strict controls”, “make the rules clear and have
known penalties”, “design assessment instruments that make cheating difficult” and
“develop climate that will reduce the likelihood of cheating” did not help to decrease
cheating during the last years. So, the main motivation to start this research was a
strong will to change this unmoral situation.

2 Two Surveys and Their Results

In order to learn what is the attitude towards cheating among Polish students two
surveys were conducted. In order to learn what are the cultural differences between
different countries the first survey was based on the survey from Gettysburg in USA
and the second was based on the survey conducted in Monash University in Australia.
Similar comparative analysis on students’ perception and attitudes towards academic
dishonesty between the students in China and United States was done by Zou and Lan
in [28].

2.1 Comparison of Results with Gettysburg Survey

This survey was conducted during the first week of classes in October 2015. The total
number of responses was 203. The number of students registered for the subject was
221. The total number of the questions in this survey was 24. Answers on 18 of them
are presented in two tables. Table 1 summarises results for questions about practice of
cheating while Table 2 about acceptance of cheating. All results are in percent. Results
for Gettysburg are calculated as an average from the years 2008–2014.

Table 1 shows that answers to all questions differ significantly, especially for the
last question “did you ever cheat during high school”.

Table 1. Comparison of results of surveys – practice of cheating.

Question Gettysburg 2015 Poland
Never Once More

than
once

Never Once More
than
once

Did you ever witness cheating in
your high school?

13 10 77 8 5 87

Have you ever reported another
student you suspected of
cheating?

79 18 3 94 3 3

Have you ever interrupted a
student who was cheating?

50 24 26 72 10 18

Did you ever cheat during high
school?

60 21 19 30 17 58
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In Table 2 only answers to the two first questions about acceptance of forging
signatures are nearly the same. For the rest of the questions there are big differences.
For example, cheating during a test is treated as very dishonest by 95% of students in
Gettysburg and only 39% of students in Poland. On the other hand, when results “very
dishonest” and “dishonest but I do it anyway” are summed up the difference is not so
big: 100% vs 92%. These results show that although the perception of cheating as
unmoral is very similar in both countries the actual level of cheating in Poland is much
higher than in Gettysburg, so some additional treatment should be undertaken. It seems
also that this treatment should be focused on reducing the opportunity to cheat rather
than on pedagogical issues.

2.2 Comparison of Results with Monash University Survey

This test was conducted during the last week of classes in January 2016. Total number of
responses was 179. Number of students attending classes at the end of semester was 201.

Table 2. Comparison of results of surveys – acceptance of cheating.

Question Gettysburg 2015 Poland

Very
dishonest

Dishonest,
but I do it
anyway

Not
dishonest

Very
dishonest

Dishonest,
but I do it
anyway

Not
dishonest

Forging a teacher’s
signature?

95 4 1 94 3 3

Forging an administrator’s
signature

98 1 0 97 1 2

Cheating on a homework
assignment

61 34 5 29 56 15

Cheating on a test 95 5 0 39 53 8
Cheating on a midterm or
final examination

99 1 0 78 16 6

Fabricating lab data 80 16 4 76 12 12

Completely faking a lab
experiment

96 3 1 58 37 5

Plagiarizing a paper or
written assignment

99 1 0 58 37 5

Working with another
student when instructed to
work alone

57 33 9 25 45 30

Signing in for another
student who missed class

83 13 4 73 18 9

Lying to protect another
student

70 24 6 40 33 27

Lying to get an extension on
an assignment

83 16 1 54 33 13

Lying about why you turned
in an assignment late

78 20 2 49 35 16

Lying about why you were
absent

75 21 4 43 35 21
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Table 3. Comparison of results of surveys.

Scenario Acceptability Practice

Australia Poland Australia Poland
2000
mean

2010
mean

2015
mean

2000% 2010% 2015%

Showing assignment work to
a lecturer for guidance

2.07 2.21 1.68 37 42 67

Posting to an Internet
newsgroup for assistance

2.07 2.28 1.77 27 34 68

Two students collaborating
on an assignment meant to be
completed individually

2.54 3.20 2.65 44 36 54

Resubmitting an assignment
from a previous subject in a
new subject

2.82 2.99 2.49 27 17 41

Submitting a friend’s
assignment from a past
running of the subject

2.86 3.46 3.03 34 20 32

Copying the majority of an
assignment from a friend’s
assignment, but doing a fair
bit of work yourself

2.98 3.37 2.98 31 21 39

Not informing the tutor that
an assignment has been given
too high a mark

3.08 3.29 2.82 17 16 39

Being given the answer to a
tutorial exercise worth 5% by
a class mate if the computer
you used has problems

3.76 4.29 3.03 7 3 9

Copying material for an essay
from a text book

3.81 4.19 3.71 22 10 34

Copying material for an essay
from the Internet

3.85 4.28 4.29 23 10 33

Obtaining a medical
certificate from a doctor to get
an extension when you are
not sick

3.94 4.02 3.35 12 3 9

Swapping assignments with a
friend, so that each does one
assignment, instead of doing
both

3.96 4.45 3.37 9 3 37

Copying another student’s
assignment from their
computer without their
knowledge and submitting

4.18 4.62 3.94 7 3 7

Copying all of an assignment
given to you by a friend

4.30 4.62 3.92 10 3 10

(continued )
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Questionnaire of this survey is fully based on the questionnaire used in 2000 during the
survey conducted in Australia at Monash University and at Swanbourne University
which results were published in [29]. The same survey was conducted ten years later and
results were compared in [30]. The most important part of both surveys consists of 18
scenarios. For each of them answers are given using a Likert scale [31] with the answers
ranging from 1 – acceptable to 5 – not acceptable.

Comparison of results of all surveys is in Table 3. In columns 2000 and 2010 are
results from Australia and in column 2015 results from Poland. For acceptability mean
value of the answers to the question “how acceptable is this scenario” is calculated and for
practice percent of students who answered yes to the question “have you ever done this”.

What can be easily learned from Table 3 is that in Australia a positive change has
occurred among students over the decade with regard to cheating awareness, accept-
ability and practice. Results of a survey conducted in Poland are much worse than
Australia from the year 2000. Especially big differences are in the case of the three
following scenarios:

• Copying material from the book or from the Internet,
• Swapping assignments with another person,
• Using a hidden sheet of paper with important facts during an exam. (In the case of

questionnaires concerning computer lab tests “a hidden sheet of paper” means using
all types of unauthorized materials e.g. files.)

The first problem can be generally solved by means of plagiarism checkers on the
university level. The second one should be mainly solved by instructor manually. The
third one which can be generally called as using unauthorized materials during exams
can be solved by means of specialized IT tools which will be described below. For the
last-mentioned scenario – using unauthorized materials – worth mentioning is the
relatively small difference in mean values of acceptability (4.59, 4.64 and 4.32) and
very big difference in practice (4%, 2% and 53%).

Table 3. (continued )

Scenario Acceptability Practice

Australia Poland Australia Poland
2000
mean

2010
mean

2015
mean

2000% 2010% 2015%

Hiring a person to write your
assignment for you

4.51 4.62 3.97 3 1 6

Using a hidden sheet of paper
with important facts during an
exam

4.59 4.64 4.32 4 2 53

Hiring someone to sit an
exam for you

4.65 4.69 4.32 3 0 5

Taking a student’s
assignment from a lecturer’s
pigeonhole and copying it

4.72 4.72 4.29 4 2 3

IT in Educational Management: Can it Support Solution of e-Cheating Problem? 109



3 Technical Issues

Comparison of results of the two surveys shows that cheating is a serious and important
problem in Poland. Moreover, all instructors who have classes in a computer lab and in
a typical class know differences in cheating possibilities. It is much easier to cheat in
the computer lab when it is not equipped with specialized software. So, in order to
prevent cheating two IT solutions were used. The problem of plagiarism in BSc and
MSc thesis is solved on the university level while problems of individual instructors
should be solved by themselves. But the solution of plagiarism problem is doubtful.
There are many sites which offer automatic rewording.

3.1 Save Exam Browser

In order of prevent cheating during multiple choice tests on MOODLE Safe Exam
Browser (SEB) platform was used. SEB is the result of a project lead by the Swiss
National Research and Education Network and supported by funds from the ETH
Board. According to the information from sebexambrowser.org portal “SEB runs on a
local computer and it is connected via the internet to a learning management system
(LMS). SEB consists of a kiosk application and a browser part, which are running on
an examination computer. The kiosk application locks down the examination com-
puter, the browser part communicates via the internet (or a LAN) with the quiz module
of a LMS running on a server.” This idea is illustrated by Fig. 2. The kiosk application
locks down the computer and starts the SEB browser. The SEB browser connects with
the URL of the LMS quiz page. The user interface of the LMS is reduced to navigation
necessary for the test. Usage of SEB prevents using Google search engine or PDF files
during test exams.

Kiosk
Application Browser

Learning
Management

System
ILIAS, MOODLE

SEB: Save
Exam
Browser

starts
URL to

test

Third Party
Application

starts

Fig. 2. Schematic illustration of an online exam with SEB and a LMS. Source: based on picture
from safeexambrowser.org
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3.2 Lan School Manager Lite

In order to prevent cheating during practical tests LanSchool, classroom and desktop
movement software was used. Its lite, free of charge version can monitor up to 3000
students by real time computer thumbnail monitoring. Such thumbnails can be arranged
and saved to represent the classroom layout. LanSchool Lite enables also to view the
students’ active application and last visited website as well as a full screen view of the
student’s monitor. There are much more capabilities in the full version of this software.
Screen Feed option allows to monitor details of students’ screens from a distance. Other
features like Internet History or Keystroke Monitoring create a safe environment for all
students. This software reduced nearly to zero cheating in a form of collusion or using
unauthorised materials during practical tests – the only authorised materials were
help files.

4 Final Remarks and Open Questions

Results of both surveys show that cheating especially in electronic form (e-cheating) is
an important issue in higher education. A full solution to this problem can be obtained
only by means of cooperation of all stakeholders of education market – university and
faculty authorities, instructors and… students. Cases when students force instructors
and authorities to act actively against cheating are more and more often. But on the
other hand, none of the technical solutions will work forever so continuous research in
this field is necessary.

Two suggested and discussed IT solutions decreased radically levels of cheating.
Although the difficulty level of tests was not changed (namely questions and practical
problems were in fact the same) in this year nearly 20% of students had to retake a
lecture test, while one year ago only 2% of students had to do this. Similar results were
obtained for practical tests. In this case retakes did not help too much due to the fact
that it is easier to memorize answers on the questions rather than understand how a
spreadsheet or computer algebra system works and solve a unique computing problem.
So, the final conclusion is: IT can support the solution of e–cheating problem.

Acknowledgments. The author would like to thank all Students who participated in surveys and
filled two long questionnaires. Research was conducted within a frame of grant
No. 504/01921/1088/40.
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Abstract. The development of business process management (BPM) is a key
factor to launch e-Government in a public organization. This development
requires first identifying the components that make up the business process
management and, second, implementing them. It is just this implementation
which has been presented as one of the most complex milestones in the develop‐
ment of BPM. In this paper the authors show how to implement the components
of BPM successfully based on construction that deploys an organizational initia‐
tive that addresses directly a problem expressing the organization and indirectly
the implementation of BPM. This methodology is justified by a case study carried
out in the ULPGC.

Keywords: e-Government · Business Process Management (BPM) · Success
critical factors

1 Introduction: Need for BMP to Implement the ULPGC
e-Government Project

The University of Las Palmas de Gran Canaria (ULPGC) promoted in 2010 the e-
Government project, whose purpose was the implementation and promotion of
e-Government within this public organization.

The different actions carried out within this project represent a significant evidence
of the deployment of e-Government in the ULPGC, as this university has an electronic
office system for the identification and authentication of both, citizens and administrative
bodies, in the exercise of its powers [1], electronic register, electronic notifications,
ability to recognize the validity of an electronic document, electronic management of
procedures, availability of electronic information for citizens about the status of proce‐
dures and possibility of cooperation between administrations for the promotion of e-
Government [2]. All this provides evidence that the ULPGC is capable of supporting an
electronic service delivery.

However, the objective of this work has not been directly the implementation of e-
Government, but the implementation of the Business Process Management (BPM) as
an essential element to promote e-Government in public organizations [3, 4]. This article
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highlights a methodology to implement the BMP in these organizations consisting of
starting an initiative to solve a concrete organizational problem of the institution itself,
while the BPM components are developed. This paper also describes the experience
carried out in the ULPGC between 2003 and 2007 to evaluate the methodology. This
experience was called Management Memorandum Model (MMM) - see Fig. 1.

Fig. 1. Relationship among Management Memorandum Model (MM), Business Process
Management (BPM) and e-Government (Source: Authors’ own)

2 State of the Art: The Business Process Management (BPM)

BPM is a management system based on the use and development of organizational
capabilities to manage processes and improve results thereof according to their strategies
[5]. This management system has many benefits as shown in Table 1, but stresses the
advantage of implementation for the deployment of electronic services and process
automation.

Table 1. Advantages of BPM (Source: Authors’ own, using information from several authors).

• Improve the competitiveness of organizations
• Develop and continuously improve
organizational strategies
• Adequately predict and complete their
objectives more effectively and efficiently
• Streamline decision-making
• Adapt quickly to changes in demand and a
more complex environment with a growing
number of international competitors
• Improve production capacity, speeding up
processes and reducing unnecessary costs and
resources
• Reduce errors in the production and timeouts
• Transfer information between departments
faster

• Maximize the grouping of activities to reduce
stress
• Geared toward generating customer value
and even improve performance
• Improve control of its results including
financial
• Innovation capacity
• Integrating people and systems
• Automate processes
• Simulate contingencies without having an
impact on ordinary activities
• Manage and monitor staff performance
• Beyond the compartmentalized departments
in the organization
• Improve customer communication and
satisfaction to remain competitive
• Implementing information technologies and
communication technologies (ICT)
• Establishing quality management systems

However, in most cases, BPM projects carried out in organizations have had a high
failure rate [6]; this task may be even more complex in the public sector due to the func‐
tional culture and departmental thought, an aspect contrary to a process approach [7].
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To ensure the implementation of BPM in an organization, it is necessary to ensure the
proper development of a number of critical success factors (CSF), that is, those aspects
that should be strengthened to successfully complete the project [6, 8–11]. Rosemann and
vom Brocke [12] state six CSF for BPM: strategic alignment, governance, methods, ICT,
people and culture. The work of these authors disaggregates these factors in other compo‐
nents called capabilities, which are referred to as sub-factors (s-CSF) in this work and are
shown in Table 2. Several authors, such as Fettke et al. [13]; Niehaves et al. [14]; Santos
et al. [15] and Lönn et al. [16], support these sub-factors as valid for the public sector.

Table 2. Critical success factors and sub-factors (Source: Rosemann and vom Brocke [12]).

Strategic alignment ICT
• A.1. Process improvement plan • D.1. ICT for design and process modelling
• A.2. Alignment between business strategy
and processes

• D.2. ICT enabler for the implementation and
execution of processes

• A.3. Business process architecture • D.3. ICT for measurement and process
control

• A.4. Key processes outputs and performance
indicators (KPI)

• D.4. Tools for innovation and process
improvement

• A.5. Priority of stakeholders • D.5. ICT project management and program
management

Governance People
• B.1. Decision-making processes of BPM • E.1. Skills and expertise in processes
• B.2. Roles and responsibilities process • E.2. Knowledge of BPM
• B.3. Processes data collected • E.3. Teaching and learning processes
• B.4. Standardized management processes • E.4. Communication and collaboration in the

processes
• B.5. Control of process management • E.5. Leadership in management processes
Method Culture
• C.1. Design and process modelling • F.1. Responsiveness to shift to the process

approach
• C.2. Processes implementation and execution • F.2. Values and beliefs about the processes
• C.3. Process measurement and control • F.3. Activities and behaviour to processes
• C.4. Innovation and process improvement • F.4. Senior management leadership in

process management
• C.5. Project and program management
processes

• F.5. Social networking process management

Nevertheless, the deployment of CSF and s-CSF in an organization is not an auto‐
matic task, but on the contrary, it is very complex since it requires an adaptation of these
components to the characteristics of the organization [6]. Either way, there are no
described models that enable this adaptation, and even less in the public sector [17].
This being precisely what the study identified as the research problem.
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3 The Research Method

The research methodology applied in this work has been deducted qualitatively [18]
since, from the literature review, it was proposed a construction or model that was eval‐
uated putting it into practice through the case of study [19]. Considering Fettke et al.
[13], indicating the need for indirect ways to implement the critical success factors in
BPM, and Santos et al. [15], pointing to the desirability of developing strategies with
the same objective namely indirect methods, it was decided to design a model to launch
a project or initiative that, including the implementation of the CSF and s-CSF as indirect
finality or purpose, had the utility to solve a particular organizational problem as direct
finality. The model was designed considering the CSF and s-CSF [12]. Likewise, to
ensure effective implementation of the s-CSF in the organization, BPM maturity models
were taken into account, such that each s-CSF improves its sophistication cyclically [6].
This was achieved by requiring the instrument to solve the direct purpose incorporating
the criterion of continuous improvement cycle, closely associated with planning
systems. Finally, a set of criteria (design criteria) were defined, matching the ten prin‐
ciples of BPM established by vom Brocke [20], which would ensure the successful
implementation of BPM in an organization. Hence, to develop the CSF and s-CSF in a
public organization, and therefore a successful implementation of BPM, this research
proposes as a solution for the research problem the development of an initiative in the
organization that solves a major problem and that relies on ten criteria or principles of
vom Brocke.

Therefore, the organizational initiative is twofold: direct and indirect. Direct
refers to an organizational problem solving and the second to implement BPM. The
method used for the first purpose will depend on the problem to be solved; to ensure
that the initiative answers the two purposes, the model states that the proposed tool
to solve the organizational problem should be supported by BPM; at the same time,
to achieve this support, the initiative must promote the development of the CSF. On
the other hand, the method used for the second one will be the application of design
criteria based on the ten principles of BPM. Table 3 shows the characteristics of the
dual purpose of the organizational initiative that arises as a solution to successfully
implement BPM.

Table 3. Dual purpose of the organizational initiative (Source: Authors’ own).

Organizational initiative
Types of purpose Direct Indirect
Objectives To solve an organizational problem To implement BMP
Method Organizational instrument (It must

rely on BPM)
Criteria based on the Ten Principles
of BPM

Results Organizational problem solution Development CSF and s-CSF

To evaluate the proposed model, this one should be applied to a specific public
organization launching an organizational initiative. The level of implementation of the
BPM will show the level of success of the method, so the expected result would be the
development of different CSF and s-CSF, shown in Table 2. The results of the evaluation
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were qualitative conclusions about the validity of the initiative [21]. The data collection
was done by direct observation techniques [22, 23], and based on experience because
the researchers themselves were part of the senior management team that drove the
innovation initiative.

4 The Management Memorandum Model: An Indirect Model
to Implement BPM

To evaluate the designed model, the case of study was applied on an initiative called
Management Memorandum Model (MMM), developed between 2003 and 2007 by the
ULPGC, an institution with an annual budget of more than 130 million Euros.

4.1 Direct Purpose

The main purpose of MMM was to continuously improve their academic and adminis‐
trative services. This was done to make its own staff identify, implement and evaluate
performances to improve those services. The MMM model consisted mainly in imple‐
menting the following stages in the recurring cycle of one year:

(a) Identification of potential needs for improvement. Through different instruments
for data collection, it pointed to service units with possible needs for improvement,
which should be validated by the heads of the units with their teams and endorsed
with the senior management of the University in a working group session during
two days, that was engaged exclusively to this task.

(b) Solutions design. Multidisciplinary teams, made up of the unit heads, designed
solutions to identify needs improvement. This work was done during the working
group session and solutions measurements constituted the annual improvement
plan.

(c) Implementation and monitoring. The unit heads coordinated the implementation of
the measurements. They were put into operation in a collaborative working platform
based on Moodle allowing tracking of the implementation of the plan and an
adequate transfer of knowledge.

(d) End of cycle evaluation. At the end of the planning period a compliance report was
produced from the received reporters. This report served as a working tool in the
study days for the planning of the next period or cycle (Fig. 2).
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Fig. 2. Direct and indirect purposes of the Management Memorandum Model (Source: Authors’
own)

The implementation of the MMM in ULPGC has provided the following information:

• Model execution duration. Since the improvement cycle referred to the model should
be repeated several times to assess its validity, the project duration was three years.

• Improvement measures. During the three cycles, the MMM allowed to carry out 150
measures.

• The units involved. All administrative units of the organization were involved in the
project, mainly by the exercise of leadership of senior management. In total, there
were twenty units participating.

• Enhanced Services. The academic and administrative services that were subject to
the improvements were about fifty.

• Implemented procedures. There were three hundred administrative procedures iden‐
tified and homogenized.

• People involved. It should be noted that there are two types of people involved: the
personnel who manage enhanced services and persons belonging to receptor group
improvements. They were 400 working directly, 2,600 staff and 25,000 teachers and
students as users of services.

To develop s-CSF, MMM required several conditions that made possible s-CSF
during its four life cycles (therefore these conditions were needed to undertake the
improvement of academic and administrative services). Thus, the MMM enabled
the development of the s-CSF, and therefore the implementation of the BPM (see
Table 4).
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Table 4. Equivalence between conditions and s-CSF (Source: Authors’ own).

Conditions s-CSF
The services which should be improved were
formulated in terms of processes, so that the
annual plan referred to the MMM was a process
improvement plan

A.1. Plan process improvement

The services were improved in concordance to
the business strategy set out in the strategic
plans of the organization

A.2. Alignment between business strategy and
process

The criteria established to standardize
processes and services were formulated
according to these processes

A.3. Business process architecture

The persons responsible for each service were
designated, and therefore, for each process

B.2. Roles and responsibilities of processes

Criteria homogenization process served to
model the services

C.1. Design and process modelling

The services were executed according to the
life cycle processes

C.2. Implementation and execution of
processes

Own tool was used to model the processes D.1. ICT for design and process modelling
Technologic workflow was launched to
mechanize electronically the processes

D.2. ICT enabler for the implementation and
execution of processes

Tool based on Moodle was pushed for
collaborative work

E.3. Teaching and learning processes

4.2 Indirect Purpose

The MMM incorporated the design criteria set out in the strategy as follows:

• Criterion 1. Critical success sub-factors (see Table 4) should be applied only when
they could be assumed by the characteristics of the organization.

• Criterion 2. Sub-factors should be incorporated gradually, as the organization could
take over. To ensure the gradual incorporation of sub-factors, we worked at two
levels. On the one hand, every sub-factor was launched the first year, but a deal for
each cycle repeating pattern was scheduled. On the other hand, in each cycle, sub-
factors that have already been built were increasing their level of development, as
the organization was becoming more mature [24–26], applying to this the maturity
model of Melenovsky and Gartner [27].

• Criterion 3. Organization personnel led the management model and therefore the sub-
factors. Own staff, the management team ahead, not only managed the model,
designing, planning and implementing the improvement actions, but established the
coordination protocols that made the model work.

• Criterion 4. The scope of the model should cover every aspect of academic and
administrative organization. The model was extended to all academic and adminis‐
trative services and all the units in the organization.

• Criterion 5. The model should be integrated into the regular development of the
organization and led by the management team. The unit heads for the operational
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management of academic and administrative services would manage improvement
measurements, which are planned and executed following the budget cycle, marking
the pace of activity in the public organization. Thus, the MMM was part of the ordi‐
nary activities of the organization.

• Criterion 6. Every stakeholder in the organization should be involved in developing
the model or perceive its effects. Over 50% of the staff participated in improving
measurements arising from the application of the model and 100% appreciated the
effect of these improvements in the performance of their activities on development.

• Criterion 7. The model should be formed by elements of the organization for the
purpose it was perceived as friendly by all staff. The terminology used for the business
process management was the same as the activity of the organization; in this way,
nobody perceives the model strangely but as a different way to carry out their respon‐
sibilities.

• Criterion 8. The model must answer an important purpose and resolve any organi‐
zational problem. The model was launched to solve two problems: a) the lack of
adaptation of service units to the needs of receptor groups thereof and b) the existence
of multiple plans poorly aligned and with little effect on the improvement of services.

• Criterion 9. The model should be simple. The model consisted of a methodology
incorporating developments in the management of the units, but did not involve an
increase in the complexity of its business because these developments were improved
in each cycle model.

• Criterion 10. The information and communications technology (ICT) plays an impor‐
tant role in the model. The improvements should have a technology component; in
this way, everybody perceived improvements more palpable.

In addition to the successful implementation of BPM through the development of s-
CSF, the MMM was really useful in order to incorporate the culture of continuous
improvement in the teams that manage the academic and administrative services and
the technological vision of such services, thus promoting the other two elements neces‐
sary for a successful implementation of e-Government [28].

4.3 Results

The direct evidences that corroborated the successful implementation of BPM and
matched the critical success sub-factors were:

• The catalog of processes
• The improvement plans
• The planning system
• The tool for knowledge management
• The Information Systems Plan

Anyway, the main evidence of the effective implementation of BPM is the proper e-
Government project, as it would not work without a deployed BPM.
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5 Conclusion

The BPM is a needed element for the development of a variety of management systems,
including the e-Government. Although many authors have highlighted the difficulties
in implementing the BPM, especially in the public sector, this work has exposed that
BMP solutions may be developed if it is used as a method consisting of launching an
initiative that is to solve organizational problems through organizational tools that are
based on the components of BPM, as the sub-factors (see Table 2). This method has
been proven by its application in three public organizations: a university, case presented
in this paper with the initiative called Management Memorandum Model, and two more
departments of the Canary Islands Government that have been studied in a doctoral
thesis.

The exposed model implies that the organizational tools have the direct purpose of
solving a problem posed by the organization and, indirectly, implementing the BPM. It
stands out from this that it has been able to compile practically powerful contributions
made so far in terms of BPM as critical success factors, maturity models and fundamental
principles to implement BPM. However, it arises for future works delving into different
ways of assessing the degree of development of every sub-factor in any moment, so that
the implementation of the components of BPM is more controllable.
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Abstract. The education field has not traditionally stressed entrepreneurship;
however, in light of current difficult economic scenarios and shrinking global job
markets, a myriad of Educational Technology entrepreneurs is emerging across
the world. Edupreneurs are here. They are self-motivated members of an enter‐
prise who can recognize opportunities and take action on complex educational
problems while aiming to create social value, financial value, and/or social bene‐
fits. Stakeholders hold a critical role when relating with edupreneurs. Stake‐
holders are the various individuals and groups who are directly invested in and
may be affected (positively or negatively) by the entrepreneurial activities. The
purpose of this chapter is to discuss the rise of entrepreneurism in higher education
and explore the case of a learning enterprise that supports the preparation of
educational technologists as up-and-coming entrepreneurs. The development of
such a learning enterprise is connected to the concept of a civic-minded profes‐
sional who is someone interested in using his or her knowledge and skills for the
public good. The learning enterprise enhances its members’ civic-minded agency,
meaning the group’s purposeful and reflective acts that aim to address community
members’ educational needs. Stakeholders are deeply involved in addressing
needs and issues in collaboration with educational technologists.

Keywords: Entrepreneurism · Civic-minded professional · Educational
technology · Stakeholders

1 The Rise of Entrepreneurism in Higher Education

Investments in Education Technology are on the rise with $2 billion deals closed last
year in Educational Technology investments, which represents a 55% increase since the
previous year [1]. Money is invested in a diverse group of products and services ranging
from classroom-management apps to foreign language for adult learners. But an entre‐
preneurial mindset goes beyond starting a business, or making money. It is a way of life
driven by the continuous impetus of looking at issues from a novel perspective with the
intent to create solutions that people actually use. As Kao et al. [2, p. 41] explain, entre‐
preneurship meets the central human need to innovate and create. Entrepreneurship
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consists “of doing something new (creation), and/or something different (innovation)
for the purpose of creating wealth for the individual and adding value to the society”.

Education, in general, and Educational Technology, in particular, have not been
traditionally perceived as a proving ground for entrepreneurship initiatives; however, in
light of current difficult economic scenario and shrinking global job markets it is imper‐
ative to ensure that students are adequately prepared to face the challenges ahead. As
Wagner [3, p. 8] identifies, the gap between “what our best suburban, urban, and rural
public schools are teaching and testing versus what all students will need to succeed as
learners, workers, and citizens in today’s global knowledge economy”. Among seven
survival skills for the 21st century, Wagner [3] highlights “initiative and entrepreneuri‐
alism” as ways to pursue new opportunities, ideas and strategies for improvement.
Organizations are looking for highly adaptable employees who can produce creative
solutions to complex problems. As social change takes over every dimension of people’s
lives, schools reveal themselves as too conservative and “lagging behind change” instead
of helping students “understanding and living with social change” [4, p. 151]. As post‐
graduate programs in Educational Technology renew themselves to face the challenges
ahead, they engage in educating the new generation of educational technologist – the
edupreneurs.

1.1 The Edupreneur

Edupreneurs are “self-motivated learners/members of an enterprise who can recognize
opportunities and take action on complex educational problems while aiming to create
social value, financial value, and/or social benefits” [5, p. 115], [6].

Globalization and the digital revolution have allowed people to engage in low-risk
start-ups. College and university postgraduates are no longer expected to put all their
time and effort toward moving up the corporate ladder in a single company during the
span of their entire career. Much to the contrary, they are experiencing different career
paths in different organizations including, in all likelihood, a company of their own and
embodying the true spirit of an edupreneur.

1.2 The Stakeholders

What do entrepreneurs do? They establish a network of relationships with their stake‐
holders. Stakeholders are the various individuals and groups who are directly invested
in and may be affected (positively or negatively) by the entrepreneurial activities. This
definition embodies Freeman’s stakeholder theory and his wider definition of stake‐
holders that “includes any group or individual who can affect or is affected by the
corporation” [7, p. 41].

In order to be successful, edupreneurs need to establish strong connections to anyone
impacted by their work, such as, the people that they serve, their investors, suppliers
and employees as well as other organizations and communities. If edupreneurs solve
educational complex problems, then they need to engage with the people who are
committed to address these problems and/or are impacted by them. The quality of stake‐
holder involvement results in more equitable and sustainable solutions to educational
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problems as more voices are heard and taken into consideration in the decision-making
process. A high involvement of stakeholders leads to a more efficient management of
resources (knowledge, people, money and technology) to solve problems and allows for
a better understanding of complex operating environments, including market develop‐
ments and cultural dynamics. Most importantly, it contributes to the development of
trust-based and transparent educational technologist-stakeholder relationship.

As Freeman [7] points out the quickest manner to destroy a corporation is to ignore
their stakeholders. When corporations operate with the consent of stakeholders and
communities they not only display social responsibility but they also better identify
opportunities and threats critical for strategic planning. According to Freeman’s stake‐
holder theory, edupreneurs need to: (1) identify the stakeholders, (2) identify the rela‐
tions they want with them, (3) identify the urgency/timing need for communicating with
them, (4) identify their information needs, and (5) identify the best communication
channels.

2 The Case of a Learning Enterprise

The following paragraphs describe a learning enterprise created under the School of
Education at Iowa State University in the United States (U.S.). This enterprise supports
the preparation of educational technologists as up-and-coming entrepreneurs. Iowa State
University is a member of the Association of American Universities and ranked by U.S.
News and World Report as one of the top public universities in the nation. Over 36,000
students are enrolled, and served by over 6,200 faculty and staff. The university is located
in Ames, Iowa, a progressive community of 60,000, located approximately 30 min north
of Des Moines, and considered one of the best most livable small cities in the U.S.

2.1 Learning Design Solutions Background

The learning enterprise, named Learning Design Solutions, grew out of an advanced
instructional design course in which postgraduate students worked on real-world
projects with clients from organizations in the community. The focal learning activity
of the course was to be part of a multi-team instructional consulting company designed
to simulate a small firm that provided professional-level services free of charge. Post‐
graduate students, taking on the roles of technology consultants, worked with both
university clients and organizations within the community (e.g., government agencies,
schools, and healthcare providers). However, the demand for instructional design work
was greater than could be accommodated by the single advanced instructional design
course offered only during a semester each year. In order to meet the needs of the
community, the course instructor and a group of postgraduate students envisioned an
organization that could provide instructional design services year round.
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2.2 Learning Design Solutions Purpose and Operations

The primary purpose of Learning Design Solutions is to create a context within which
postgraduate students can develop an entrepreneurial mindset and practice managing
financial and business aspects of the enterprise. In addition, it hones their consulting
skills and applies their instructional design expertise in ways that ultimately improve
people’s lives and add societal value. The students take responsibility for all roles within
the organization, including project management, customer relations, advertising, and
dissemination [5].

Learning Design Solutions members and collaborators weekly review and reflect on
their processes and inquire how they can improve their services and make operations
more effective. These learning experiences capitalize on students’ practical strengths
while testing the application of ideas, theories, and models learned in the classroom.
These experiences happen in real time with real stakeholders, and the decision-making
involved carries real implications. Examples of projects developed are needs analyses,
evaluation of training solutions, design and development of e-learning solutions, just to
mention a few. The length of the projects is also variable. They can last for 3 to 6 months
to 4 to 6 weeks. Stakeholders belong to different communities ranging from the univer‐
sity to organizations outside the state of Iowa.

2.3 Learning Design Solutions Business Model

Learning Design Solutions offers educational technology consulting services to internal
Iowa State University clients as well as external clients from business and industry, both
within and outside of the local community. This organization is defined as a service
center under the university structure and categorized as a non-profit organization that
operates on a break-even basis. The per hour rate for services is calculated each year
based on the anticipated number of projects that will be contracted and the anticipated
costs to both keep the organization running and to complete the number of contracted
projects anticipated. Any revenue generated is re-invested into the organization by, for
example, offering competitive scholarships to postgraduate students in Educational
Technology.

This learning enterprise was created in 2009 with start-up funds from the Iowa State
University John Pappajohn Entrepreneurial Center, followed by a significant grant from
the College of Human Sciences Entrepreneurship Initiative. Learning Design Solutions
is a unique enterprise within the university and one of few that are self-sustaining.
However, the first client project completed as part of this learning enterprise was a
community-driven project with a significant social positive impact. Members in this
organization strive to become civic-minded professionals.

2.4 Other Similar Learning Enterprises

Other similar learning enterprises have been reported in the U.S. For example, Indiana
University at Bloomington has implemented a multitude of educational technology
projects with real-world applications developed by the Instructional Systems
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Technology department. Along the same lines, David Merrill’s team at Utah State
University has been working on educational materials targeting entrepreneurial educa‐
tion [e.g., 8]. Similar enterprises have also been identified across the U.S., mainly among
students in business and management [e.g., 9] at Valdosta State University. Utah State
University has started up a somewhat similar enterprise to Learning Design Solutions.
It began as an educational technology consulting firm out of the department of Instruc‐
tional Technology and Learning Sciences under David Merrill’s supervision. It is
currently a well-established venture in Logan, Utah, known as Letterpress Software, Inc.
(www.lpsoftware.com).

2.5 A Civic-Minded Approach

Career-centric approaches to Educational Technology produce technocratic professio‐
nals more interested in economic gain than in using their knowledge and skills for the
public good [10]. Based on the conceptualization of entrepreneurship presented above
[2], one of the main purposes of entrepreneurship is to add value to society, which is the
intent of many of creations and innovations in Educational Technology that aim to help
people learn better and become responsible and active citizens. The term civic-minded
agency is defined here as an individual’s or group’s purposeful and reflective acts that
aim at addressing societal needs and issues [10]. In this line of reasoning, a civic-minded
educational technologist (1) has the public interest and a sense of civic responsibility at
the forefront of his or her work, (2) is attentive, responsible and responsive to the emer‐
gent educational needs of the members of the community, and (3) utilizes his or her
knowledge and skills in Educational Technology to improve learning and performance
of the community members. Civic-minded educational technologists are concerned with
the well-being of all members of a society and utilize their knowledge and skills to
improve people’s lives and bring positive social change. Social change is at the heart of
their work and contributing to an equal distribution of social goods (e.g., education and
access to technology) is their drive [11]. Therefore, involvement from stakeholders at
all the stages of the design and development process is critical.

3 Final Remarks

The rationale for creating a learning enterprise stemmed from the recognition of an
opportunity to serve the many educational needs of the surrounding community. The
drive came from the chance to offer postgraduate students different career venues in
education and the invaluable opportunity to practice “live” what they were learning in
their programs, especially skills and knowledge related to Educational Technology.
Additional motivation derived from creating a self-sustaining unit that could provide
resources and funds to support students’ professional development and research.

Learning Design Solutions can enhance its members’ civic-minded agency and relies
on a quality stakeholder engagement to address educational needs and issues in collab‐
oration with educational technologists.
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Abstract. In this paper, articles published in the proceedings of the IFIP Working
Group 3.7 conferences during its twenty years of existence are reviewed. This
work is a continuation of a previous one that classified the most relevant topics
addressed by the Group in its first ten years and the major research methodologies
adopted by the contributors to carry out their work. The paper has been structured
to facilitate the comparison of the Group’s first decade of activity with the second
decade. The review shows that the topic of Assimilation and Integration of IT
into Educational Management continues to be the leading theme in publications.
The published work by IFIP Working Group 3.7, which accounts for some 213
papers, is a good indicator of the maturity of the research on information tech‐
nology in educational management (ITEM).

Keywords: ITEM · Proceedings · Research topics · Research methodologies

1 Introduction

The first international conference on information technology in educational management
(ITEM) took place in Jerusalem in 1994. Since then, the Working Group 3.7 of the
International Federation for Information Processing (IFIP) has held a total of ten inter‐
national meetings. During the conferences, researchers, academics and professionals
have discussed and contributed to a better development and understanding of all the
issues associated with the use of information technology (IT) in educational manage‐
ment. Most of these contributions, generally presented as papers, have been published,
eventually becoming an important body of knowledge and experience.

ITEM studies have been considerably enriched by the varied profiles and back‐
grounds of the participants in these working conferences, to the point of acquiring certain
characteristics of their own. This situation was described in ‘ITEM: synthesis of expe‐
rience, research and future perspectives on computer-assisted school information
systems’ [1]. ITEM analysis has been approached from very different perspectives that
correspond to diverse academic disciplines, which is probably the underlying reason for
the area’s conceptual richness. After twenty years of uninterrupted periodic meetings
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with outstanding academic results, it seems worthwhile to pause to reflect on what has
been achieved during this period.

In the year 2006, during the conference that took place in Hamamatsu (Japan), a
synthesis study was presented on the scientific production of Working Group 3.7 in its
first ten years of existence [2]. The aim of the present paper is to study the literature
resulting from the international ITEM conferences organised by the IFIP Working
Group 3.7, comparing two periods, the first from 1994 to 2006, and the second from
2008 to 2014. The same structure will be followed as in the initial study in order to
facilitate the comparison of the two periods.

2 Analysis Methodology

Since the WG 3.7 began its activity, a total of 11 conferences have been held on all the
continents. The first, where the foundations of the group were established, took place in
Jerusalem in 1994. All the conferences have been followed by publications comprising
the most relevant papers presented. These publications have been edited by prestigious
companies specialised in publishing scientific papers. Table 1 shows the city and country
where the conference took place, the year, book title, publisher, year of publication, and
the number of articles published in each book.

Table 1. International ITEM conferences and resulting publications.

Place Year Book title Publisher Year of
publication

Number of
papers published

Jerusalem (Israel) 1994 Information Technology in
Educational Management [3]

Chapman &
Hall

1995 31

Hong-Kong (China) 1996 Information Technology in
Educational Management for the
Schools of the Future [4]

Chapman &
Hall

1997 26

Maine (USA) 1998 The Integration of Information for
Educational Management [5]

Felicity Press 1998 17

Auckland (New
Zealand)

2000 Pathways to Institutional Improvement
with Information Technology in
Educational Management [6]

Kluwer 2001 11

Helsinki (Finland) 2002 Management of Education in the
Information Age: The Role of IT [7]

Kluwer 2003 14

Gran Canaria (Spain) 2004 Information Technology and
Educational Management in the
Knowledge Society [8]

Springer 2005 18

Hamamatsu (Japan) 2006 Knowledge Management for
Educational Innovation [9]

Springer 2007 26

Darwin (Australia) 2008 Evolution of Information Technology
in Educational Management [10]

Springer 2009 18

Kasane (Botswana) 2010 Information Technology and
Managing Quality Education [11]

Springer 2011 20

Bremen (Germany) 2012 Next Generation of Information
Technology in Educational
Management [12]

Springer 2012 16

Potsdam (Germany) 2014 Key Competences in ICT and
Informatics [13]

Springer 2014 16 (ITEM)

Vingt Ans Après: Analysis of WG 3.7’s Published Work 131



The publication corresponding to the 2014 Conference includes a total of 28 contri‐
butions, of which 16 are directly related to the ITEM field. This is due to the fact that
the 2014 Conference joined two IFIP working groups, the WG 3.4 on Professional and
Vocational Education in ICT, and the aforementioned WG 3.7 on Information Tech‐
nology in Educational Management. Therefore, only the 16 papers corresponding to
ITEM have been analysed.

The information resulting from papers’ analysis has been classified into two groups:
first, according to the topics addressed in each article; and second, considering the research
methodology applied, in order to further group them considering the type of approach
employed. This type of organization was chosen to maintain the format adopted in the
publication corresponding to the review of the first 10 years of WG 3.7 (1994–2004). In the
tables, the data have been added from the study of the next ten years of the work group,
until the group’s conference which took place in Potsdam (Germany) in 2014. Tables have
been included with the data since the first publication to facilitate comparison of the two
periods. In order to classify the articles under a specific topic and research methodology,
the titles and abstracts of all 96 papers published during the 2006–2014 period were
studied. In those cases where the classification was unclear the text was revised. In case the
paper could be assigned to more than one topic or the research methodology was unclear,
the two researchers that carried out the classification process confronted their opinions and
jointly agreed the assignment to a specific category.

3 Data Analysis

Tables 2 and 3 show a set of general topics discussed at the international conferences
of IFIP Working Group 3.7. Table 2 covers the 1994–2004 period, while Table 3 covers
the 2006–2014 period. Both tables show the number of papers on each topic and the
percentage they represent of the total number of papers per publication, as well as the
accumulated total. The last column in Table 3 summarizes the total numbers for the
whole period (twenty years).

The topics comprise rather large classification areas in an attempt to obtain signifi‐
cant results. Otherwise, a more detailed classification might have made the results
excessively fragmented. For example, Grover et al. [14] suggests 20 IT related topics
applicable to any study area, and authors such as Claver et al. [15] increase this number
to 30. If it was considered each different type of educational management application
as a research topic, this would probably result in an excessively large number of themes.
In this case, it was decided to group all these applications in one single category, making
no distinctions between the specific applications. This approach could offer a clearer
vision of the attention given to this topic at the different conferences, which would be
more difficult to perceive if the analysis was more fragmented. A total of 9 topics were
identified, although some have an irregular appearance over time.

An initial comparison of Tables 2 and 3 shows a difference in the number of papers
published between the two periods. This is due to the fact that in the first period 6
conferences were held, compared to 5 in the second period, yielding 117 and 96 publi‐
cations, respectively. The last column in Table 2 shows that the most popular topics
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during the first ten years were Assimilation and integration of IT into educational
management (23%), followed by Assessment of IT support for educational management
(17.1%), IT applications in educational management (17.1%), and National, regional
and local experience in the use of IT for educational management (15.4%). Together,
these topics represent 76.2% of all the papers published in that period. Interestingly, the
most recurrent topic during the first 10 years of publications was Assessment of IT
support for educational management, which has been repeatedly addressed because of
the importance of analysing the results obtained after implementing new strategies,
policies, techniques or tools. However, this topic has progressively lost importance in
the second period, judging by the decreasing number of papers published about it.

In the 20 years of publications about ITEM, Assimilation and integration of IT into
educational management is the topic that has received most attention (24.9%). In both
periods, this topic has led the number of publications.

Table 2. Papers classified by research subject (first period 1994–2004).

Topic Conference
1994 1996 1998 2000 2002 2004 Total

(first
period)

N. % N. % N. % N. % N. % N. % N. %
Strategies to integrate IT into
educational management

2 1 2 1 1 2 9
6.5 3.8 11.8 9.1 7.2 11 7.7

Assimilation and integration of
IT into educational management

4 9 6 3 4 1 27
12.9 34.6 35.2 27.3 28.6 5.5 23

ITEM state of the art. The
discipline’s present situation
and trends

1 1 – – – 1 3
3.2 3.8 – – – 5.5 2.7

Assessment of IT support for
educational management

2 5 2 4 2 5 20
6.5 19.2 11.8 6.3 14.3 27.9 17.1

National, regional and local
experience in the use of IT for
educational management

10 – 2 1 1 4 18
32.3 – 11.8 9.1 7.1 22.3 15.4

IT applications in educational
management

9 7 2 – – 2 20
29 27 11.8 – – 11.1 17.1

Mathematical tools employed to
create models for educational
management

3 2 1 – – – 6
9.6 7.8 5.8 – – – 5.1

IT applications for teaching – 1 2 – 3 2 8
– 3.8 11.8 – 21.4 11.1 6.8

Teacher and manager training in
the use of IT for educational
management

– – – 2 3 1 6
– – – 18.2 21.4 5.5 5.1

Total 31
100

26
100

17
100

11
100

14
100

18
100

117
100
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The tables show that of the three topics with the greatest number of publications in
the first ten years of WG 3.7 publications, two of them continue to figure among the
three most frequent topics in the second period. These topics are: Assimilation and inte‐
gration of IT into educational management, and IT applications in educational manage‐
ment. The topic Assessment of IT support for educational management was no longer
among the most repeated topics in the second period, ceding its position to the topic of
IT applications for teaching. Although the latter is not directly related to the scope of
the WG 3.7, this theme gradually gained importance in the second period of analysis,
doubling its former percentage and occupying the third position in the number of publi‐
cations in the second period (16.7%). However, it is proposed that ITEM practitioners
and researchers consider the reasons for this increase, given that this topic corresponds
rather to other fields of study, such as IT use for educational purposes.

In both periods into which the analysis was divided, the following three topics
produced fewer publications: ITEM state of the art, the discipline’s present situation and
trends; Mathematical tools employed to create models for educational management; and
Teacher and manager training in the use of IT for educational management.

4 Research Methods

Regarding the research methodology, the papers that were reviewed can be divided into
theoretical studies and empirical studies. The theoretical studies were grouped into

Table 3. Papers classified by research subject (second period 2006–2014).

Topic Conference
2006 2008 2010 2012 2014 Total

(second
period)

Total (20
years)

N. % N. % N. % N. % N. % N. % N. %
Strategies to integrate IT into educational
management

– 2 5 – – 7 16
– 11.1 25 – – 7.3 7.5

Assimilation and integration of IT into
educational management

5 5 4 4 8 26 53
19.2 27.8 20 25 50 27.1 24.9

ITEM state of the art. The discipline’s
present situation and trends

1 2 – – – 3 6
3.8 11.1 – – – 3.1 2.8

Assessment of IT support for educational
management

2 3 3 1 – 9 29
7.7 16.7 15 6.3 – 9.4 13.6

National, regional and local experience in
the use of IT for educational management

1 – 1 2 1 5 23
3.8 – 5 12.5 6.3 5.2 10.8

IT applications in educational
management

6 4 2 5 3 20 40
23.1 22.2 10 31.3 18.8 20.8 18.8

Mathematical tools employed to create
models for educational management

2 – 1 – 1 4 10
7.7 – 5 – 6.3 4.2 4.7

IT applications for teaching 7 2 4 1 2 16 24
26.9 11.1 20 6.3 12.5 16.7 11.7

Teacher and manager training in the use
of IT for educational management

2 – – 3 1 6 12
7.7 – – 18.8 6.3 6.3 5.6

Total 26
100

18
100

20
100

16
100

16
100

96
100

213
100
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conceptual and illustrative categories, and the empirical studies were classified as case
studies and field studies. Each of these methods will be described briefly.

Theoretical studies are fundamentally based on ideas, structures and speculations,
rather than a systematic observation of reality. Although non-empirical articles may
contain some empirical observations or facts, they will be of secondary importance. In
other words, the emphasis is on ideas rather than facts. Theoretical studies can have a
conceptual and illustrative nature. Conceptual studies describe structures, models or
theories, and they offer explanations and reasons. The illustrative ones, on the other
hand, are designed to guide practice and make recommendations for action or establish
stages for attending to certain circumstances. The emphasis is on what and how, rather
than why.

The essence of the research carried out in empirical studies is to observe the reality
being investigated. This is where case studies can be placed. These kinds of studies are
becoming more numerous in the field of IS/IT, mostly for the following reasons [16]:
(a) the researcher can study IS/IT in its natural environment, learn about the state of the
art, and generate theories based on practice; (b) case studies allow researchers to answer
questions about how and why and, therefore, understand the nature and complexity of
the process that is taking place; and (c) they are appropriate for investigation in areas
with few previous studies, and they are often the first stage of empirical research.
However, case studies have often been criticised for their lack of scientific rigour,
although this is not due to a problem in the method itself, but rather to the fact that often
the label ‘case study’ has been given to what is merely a recounting of anecdotes [17].

Field study is another empirical research method that analyses one or several organ‐
isations commonly with regard to a set of variables. There is an experimental design,
but no experimental control, which means that the researcher collects information about
uncontrolled situations. The object of study operates in its usual fashion while the
research is conducted. The aim is to relate results to certain explanatory variables. It is
similar to the case study in that phenomena are analysed in their natural environment
without introducing any variations in it. However, the methods differ in that field study
is not interested in the whole phenomenon, but only specific aspects or variables. More‐
over, the analysis of information in case studies is mostly qualitative, whereas field
studies generally use quantitative methods.

Tables 4 and 5 show a classification of papers considering the research methodology
employed. As in Tables 2 and 3, Tables 4 and 5 show the total number of papers per period,
as well as the percentage of each according to the methodology used, and the progression
of each method over time, expressed for each of the publications considered. The last column
in Table 4 shows total values for the first period, while the last two columns in Table 5
summarize the total values for the second period and for the entire range of years.

In the 20-year period analysed, it can be observed that the proportion of publications
based on theoretical studies is quite similar to the proportion based on empirical studies,
being slightly more in the latter group.

An analysis of Table 4 shows that most of the articles published during the first period
are empirical, exceeding the theoretical ones by more than ten percentage points.
However, for the second period, Table 5 shows that the tendency of the first period was
inverted, with the number of publications based on theoretical studies being greater than
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the number based on empirical studies. Among the theoretical studies, the illustrative
type is the most frequent and doubles the conceptual type in each period and for the 20
years under study. By contrast, for publications based on empirical studies, the tendency
was inverted, going from a greater percentage of publications based on case studies
during the first ten years to a greater role of field studies during the second period.
However, in the total calculation, there is still a predominance of empirical research
based on case studies.

Table 4. Papers classified by research methodology (first period 1994–2004).

Research methodology Conference
1994 1996 1998 2000 2002 2004 Total (first period)
N. % N. % N. % N. % N. % N. % N. %

Theoretical studies 15 15 4 5 4 7 50
48.4 57.7 23.5 45.5 28.6 38.9 42.7

Theoretical – conceptual 6 4 2 1 1 4 18
19.4 15.4 11.8 9 7.2 22.2 15.4

Theoretical – illustrative 9 11 2 4 3 3 32
29 42.3 11.8 36.4 21.4 16.7 27.3

Empirical studies 16 11 13 6 10 11 67
51.6 42.3 76.5 54.5 71.4 61.1 57.3

Empirical – case studies 13 10 9 2 7 8 49
41.9 38.5 52.9 18.2 50 44.4 41.9

Empirical – field studies 3 1 4 4 3 3 18
9.7 3.8 23.5 36.4 21.4 16.7 15.4

Total 31
100

26
100

17
100

11
100

14
100

18
100

117
100

Table 5. Papers classified by research methodology (second period 2006–2014).

Research
methodology

Conference
2006 2008 2010 2012 2014 Total (second period) Total (20 years)
N. % N. % N. % N. % N. % N. % N. %

Theoretical studies 15 13 10 6 6 50 100
57.7 72.2 50 37.5 37.5 52.1 47

Theoretical –
conceptual

5 3 4 – 3 15 33
19.2 16.7 20 – 18.8 15.6 15.5

Theoretical –
illustrative

10 10 6 6 3 35 67
38.5 55.6 30 37.5 18.8 36.5 31.5

Empirical studies 11 5 10 10 10 46 113
42.3 27.8 50 62.5 62.5 47.9 53

Empirical – case
studies

5 2 4 4 2 17 66
19.2 11.1 20 25 12.5 17.7 31

Empirical – field
studies

6 3 6 6 8 29 47
23.1 16.7 30 37.5 50 30.2 22

Total 26
100

18
100

20
100

16
100

16
100

96
100

213
100
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5 Conclusions

The interest in overcoming problems derived from adapting a new and changing tech‐
nology such as IT to educational management has set the standards for ITEM research
during the 20-year existence of Working Group 3.7. In this period of time, eleven books
have been published containing the main conclusions of the work conferences, which
allows us to confirm that this area of study has reached maturity.

Nevertheless, ahead of us is the task of completing a compact body of knowledge
consisting of theories that can help ITEM to acquire its own identity. This is not an easy
task, due to its multidisciplinary nature and its strong dependence on a changing support
like IT.
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Abstract. The best learning environment that enables excellence should always
be sought. This research seeks to draw measures to promote virtual learning
experience based on promotion of social interaction and collaborative processes.
The research is based on a total virtual learning experience of a masters’ level
information and communication technology for development (ICT4D) class at
the University of Tampere. A questionnaire was conducted at the end of the course
to assess social qualities, collaborative processes and qualities of learning. The
research seeks to promote quality learning by developing a social and collabora‐
tive learning environment. The results of this study included measures, such as,
pedagogical techniques and technological tools that could foster such an
environment.

Keywords: Digital pedagogy · Social qualities · Collaborative processes ·
Quality of learning

1 Introduction

There are increasing opportunities for information technology (IT) applications in
education. Chou and Liu [1] noted the significant transformation in the learning and
teaching process because of the web-based technology. Digital pedagogy involves the
use of technology in enhancing the learning process. The value of digital pedagogy is
derived from attempting to fully enjoy the benefits of technology in learning. The
advantages of technology in adoption for learning could be summarized as “learning
any time” and “learning anywhere” and thus self-control, independent thinking, diverse
viewpoints and diffuse thinking models [1].

As much as we appreciate the advantages of technology in learning as presented
above, there are also disadvantages that we should put efforts to minimize. Disadvan‐
tages, such as, possibility of students feeling isolated thus leading to anxiety and confu‐
sion thus reducing learning effectiveness [1]. Hence, as we adopt learning technologies
we must try to maximize the benefits gained and reduce the negative impacts [2]. Digital
pedagogy plays a crucial role in doing that. Spiro [3] defined digital pedagogy as
“engaged and reflexive practice and scholarship of teaching and learning through digital
technologies”. Typical features of digital pedagogy include [3]:
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• Combining theory and practice, making and thinking
• Fostering creativity, play and problem solving
• Encouraging participation, collaboration and public engagement
• Aiming to increase critical understanding of digital environment

In this research, we seek to promote virtual learning by making use of digital peda‐
gogy that enhance social qualities, collaborative processes and quality of learning.
Kreijns et al. [4] advocated for sociability in virtual environments for enriched learning
experience. Sociability is defined as the extent to which a virtual environment is
“perceived to be able to facilitate the emergence of a sound social space with attributes
as trust and belonging, a strong sense of community, and good working relationships”
[4]. This would foster collaboration processes and qualities of learning. Thus, the
research question is: how could digital pedagogy promote social qualities and collabo‐
rative processes for learning quality?

In the next section the theoretical background is elaborated. After that, the method‐
ology is specified then the results are noted. The discussion section follows and finally
conclusion.

2 Theoretical Background

Kreijns et al. [4] argue the need to consider and integrate social factors for successful
virtual learning. Disregarding social psychological processes, such as, starting groups
and sustainable social relationships could lead to failure of virtual learning. In fact, it is
essential to promote social interaction in virtual learning environment, in that it reduces
loneliness and isolation. As shown in Fig. 1, Kreijns et al. [4, p. 180] suggest that soci‐
ability influences social interaction, “the greater the sociability of an environment, the
more likely it is that social interaction will take place and that it will result in the emer‐
gence of a sound social space”. They defined social presence as “the perceived degree
of illusion that the other in the communication appears to be a real physical person in
either an immediate (i.e., real time or synchronous) or a delayed (i.e., time-deferred or
asynchronous) communication episode”. Pedagogical techniques depending on the
contents of the course also promote social presence and interaction.

We should always strive for the best. There are fundamental aspects of learning,
referred to as quality learning which we should always seek to achieve. These are the
cornerstones which technology could aid to build upon to foster the learning process.
The following qualities of learning are suggested [5, p. 293];

1. Active - Learners’ role in learning process is active; they are engaged in mindful
processing of information and they are responsible for the result.

2. Constructive - Learners construct new knowledge on the basis of their previous
knowledge.

3. Collaborative - Learners work together in building new knowledge in co-operation
with each other and exploiting each other’s skills.

4. Intentional - Learners try actively and willingly to achieve a cognitive objective.
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5. Contextual - Learning tasks are situated in a meaningful real world tasks or they are
introduced through case-based or problem-based real life examples.

6. Transfer - Learners are able to transfer learning from the situations and contexts,
where learning has taken place and use their knowledge in other situations.

7. Reflective - Learners articulate what they have learned and reflect on the processes
and decisions entailed by the process.

These learning qualities were evaluated in the survey, which was conducted in the
ICT4D course. This was done in order to adopt technological tools and pedagogical
practices that promote the above-mentioned qualities of learning. Please see method‐
ology section below for more information about the survey.

Fig. 1. Relationships between the variables sociability, social presence, pedagogical techniques,
social interaction, and social space. Adapted from [4].

We suggest that digital pedagogy supported by social interaction and collaborative
processes could create a learning environment that is conducive for enhancing qualities
of learning as shown in Fig. 2. The qualities of learning reinforce the environment that
is social and collaborative.

Illeris [6] suggested the three dimensions of learning and competence development
as content, incentive and interaction as shown in Fig. 3.
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Fig. 2. Qualities of learning enabled in a social and collaborative learning environment tentative
conceptual model

Fig. 3. The three dimensions of learning and competence development [6]

Content dimension is what is learned, for example, knowledge and skills. Incentive
dimension is source of the mental energy that is essential for the learning process, such
as, motivation and emotions. These two dimensions are initiated and cemented by the
interaction process. These dimensions of learning are an elaboration of the social and
collaborative learning environment shown in Fig. 2.
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3 Methodology

The University of Tampere hosted an international virtual course with students from
Finland, Germany, and South Africa. The course topic was Development 2.0, that is,
Information Communications Technologies for Development 2.0. The course comprised
of 33 participants who had diverse virtual learning experience as illustrated in Fig. 4.
About 50% of the participants had 5 or more times of virtual learning experience.

Fig. 4. Virtual learning experience

A survey was conducted at the middle and end of the course. The objectives in
conducting the survey included assessing the virtual learning experience for the class
and adopting measures, that is, pedagogical practices and technology tools to enhance
virtual learning. This was done to improve the learning process the next time the course
is offered.

4 Research Findings/Results

The study seeks to highlight how pedagogy in a virtual environment could be enforced
to promote social qualities and collaborative processes for quality learning. In this
section, we highlight results from the ICT4D course. These results are context dependent
[7] in that the reflections of the participants could have been strongly influenced by
factors, such as, study topic but nevertheless there are lessons that could be drawn that
are useful for the wider audience interested in virtual learning.
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4.1 Social Qualities

The measures of social qualities namely, loneliness, good impression of others and
spontaneous informal conversation in the online course environment reflects a moderate
satisfaction as shown in Fig. 5. Although a significant percentage of participants, 37.5%
highlighted that they feel loneliness in the course environment.

Fig. 5. Social qualities in the online environment

The interaction enabled by the course environment measures, these are, course envi‐
ronment enabled comfort, non-task related conversion and friendship development were
deemed to be not applicable by the course participants as shown in Fig. 6. This is espe‐
cially so for the perceived friendship development enabler by the course environment
in which 68.8% of the course participants perceived it not applicable.
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Fig. 6. Interaction enabled by the online environment

4.2 Collaborative Processes

Figure 7 shows that the collaborative processes were not well supported by the course
environment. Collaborative processes measures, such as, course environment as enabler
of team development and good work relationship among participants had 37.5% and
50% respectively which were the highest at second applicability.
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Fig. 7. Collaborative processes

4.3 Quality of Learning

The qualities of learning proposed by Ruokamo and Pohjolainen [5] were also evaluated
at the middle and end of the course as shown in Fig. 8. Some qualities of learning were
perceived to have increased from middle to end of course, such as, active, collaborative
and reflective learning. However, some qualities, such as, collaborative, intentional,
conversational, contextualized and transfer learning were perceived to have decreased.
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Fig. 8. Qualities of learning evaluation

5 Discussion

The use of technology to promote learning is not new, for example, in the 1990s Leidner
and Jarvenpaa [8] advocated for technology inclusion to improve business management
school. However, the advance in technology calls for constant research to improve how
technology is incorporated in learning. Thus, this research seeks to highlight digital
pedagogy that promote social qualities, collaborative processes and quality of learning
in virtual learning. However, we would also bring to light the potential confliction
between social qualities promotion and learning outcomes. That is to say, as we achieve
social aspects this could limit or loose focus from the desired learning objectives. There‐
fore, there has to be an analysis of promoting social qualities that are in line with learning
process and thus delivering positive learning outcomes.

Digital pedagogy, such as, embracing techniques that promote social qualities and
collaboration like online open learning diaries could be used to create a social and
collaborative learning environment. Open learning diary is a reflective essay, which
students share with the rest of the participants in a virtual learning environment. This
promotes interaction as students comment and discuss experiences. The value of
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interaction in learning is well emphasized, both in research and in practice [9]. In doing
so, collaborative processes are enabled from this sharing of background knowledge of
fellow participants. Technological tools, such as, wikis, blogs and discussion forums
could also foster the desired social and collaborative learning environment. For example,
in the development 2.0 course students were grouped into teams of 3 or 4 participants
and each team wrote a page summary of a course book and together developed the book
wiki. This wiki development fostered social interaction and collaborative processes with
the aim of promoting qualities of learning.

6 Conclusion

Excellence should always be sought in learning. In this research, this excellence has
been defined based on the qualities of learning, namely, active constructive, collabora‐
tive, intentional, contextual, transfer and reflective learning. In addition, technology
advances offer another avenue in promoting learning. To do so, digital pedagogy has to
be set to promote the desired factors that promote qualities of learning. In this research,
a social and collaborative learning environment is proposed as the conducive environ‐
ment to be fostered as a platform for quality learning promotion.

The research seeks to promote quality learning by developing a social and collab‐
orative learning environment. A conceptual model is developed in this research to
highlight how qualities of learning are enabled in a social and collaborative learning
environment. In practice, in the case study conducted, there were diverse results (some
positive and some negative) in the qualities of learning pointing to the fact that efforts
need to be made to specifically try and improve each of the qualities of learning,
namely, active constructive, collaborative, intentional, contextual, transfer and reflec‐
tive learning.
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Abstract. Information is at the heart of healthcare because all stakeholders need
fit-for-purpose information to make decisions. However, producing and utilizing
information in the data-intensive and ever-changing health environment requires
various skills. In the particular context of low- and middle-income countries, this
study, consisting of a scoping review and a qualitative case study, explores the
information and ICT skills of health professionals. Our review identifies chal‐
lenges in several areas of health professionals’ skills, including computer skills;
skills required for using the routine health information system; data security skills;
and data management and analysis skills. Our South African case study, based
on interviews, adds a more nuanced understanding of the different types of
training needs. This assessment shows that training and education aimed at
improving the ICT and information skills of health professionals have to be
versatile and cater to different groups with varying needs.

Keywords: ICT skills of health professionals · Low- and middle-income
countries · Scoping review · South Africa · Case study · Training needs

1 Introduction

Health professionals in low- and middle-income countries (LMIC) in the 21st century
are facing new challenges as a result of the increased need to be able to collect, capture,
report and use data alongside the care delivery duties. Besides clinical skills, an ability
to understand and analyze data and, increasingly, digital literacy and Information and
Communication Technology (ICT) skills are in high demand. The significance of infor‐
mation in healthcare is by now well recognized in public and global health. For instance,
the World Health Organization’s (WHO) framework for strengthening health systems
identifies six building blocks of a health system [1]. “Health information” is one of the
building blocks, but “production, analysis, dissemination and use of reliable and timely
information” also informs decision-making in each of the other building blocks, namely,
health workforce; health services; health financing; governance and leadership; and
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medical products, vaccines and technologies [1, 2]. In other words, high-quality data is
essential in health care because it is required basically at every corner of the health
system from the clinical decision making in the case of individual patients to the moni‐
toring and evaluating (M&E) of health programs, surveillance of diseases, planning of
services and resources, informing policy-making, for global reporting purposes and
ultimately, improving population health [3].

In the LMIC context, it is usually the doctors and nurses that are the source of such
data, since they are often responsible for collecting and recording it [4]. Unfortunately,
research suggests that in the developing world well-trained health professionals are
unevenly distributed as well as insufficient in aggregate numbers, and there are serious
challenges in their information and ICT skills [5]. This is no wonder, since even in high-
income settings various cadres of health professionals struggle to keep up with technical
developments in the ever-changing health environment.

The need for systematic assessments focusing on health information systems (HIS)
with a view to identifying underlying factors affecting performance has been noted in
the literature [6]. Addressing challenges in the health professionals’ capacities related
to information and ICT is vital for several reasons. First, issues related to human
resources are a significant challenge for maintaining data quality in HIS, as has been
found in many LMIC countries (e.g., [6, 7]). Second, it is important to understand and
appreciate the rationale of health information systems (i.e., why the data is collected and
reported) and the importance of the quality of data, because these are likely to affect the
extent to which the collected data is used [4]. Health information should be utilized in
various ways from health interventions to program evaluation, but a poor use of data in
LMIC settings has often been reported (for instance, [8]). It is therefore critical to ensure
the sufficient skill levels and understanding of those who provide the data and those who
are supposed to use it in decision-making. Finally, health professionals’ information and
ICT skills have been linked to the utilization of ICT tools and eHealth [9] and the read‐
iness to use electronic medical record systems (EMR) [10].

In order to identify the key issues regarding the information and ICT skills of health
professionals we conducted a scoping review on the topic. A scoping review is a specific
type of review which can provide a snapshot of the existing literature, as well as back‐
ground information for further inquiry [11]. Specifically, we focused on limitations in
health professionals’ information and ICT skills, i.e., the skills required to collect, report,
understand and utilize data required in the health systems in low- and middle-income
countries (LMIC). In addition to the review, a qualitative case study was conducted in
South Africa. For the case study we interviewed South African health professionals
whose duties included working with health data.

For the purpose of this study, “health professional” refers to a range of people working
with health information in the health system. In other words, it includes the frontline health
workers, such as nurses and doctors, but also data capturers and clerks working in the
clinics, and it refers to managers and other health officials at the different levels of the
health system whose tasks require the utilization of health information for resource alloca‐
tion and better services. As noted by previous LMIC research [6], the M&E and data
management responsibilities are not always clearly assigned at field level in a low-resource
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context, and the responsibility for certain data may be assigned to an M&E officer in one
place and a community health nurse or program officer in another place.

Over recent decades, the quality of healthcare has become increasingly connected
to the systematic application of information processing; thus, a health worker needs to
be skillful in the efficient use of the available information systems (IS), technologies
and tools [12, 13]. Therefore, this study seeks to explore the skill levels of health profes‐
sionals in relation to information and ICTs and to propose measures to address chal‐
lenges related to this.

2 Methodology

In order to map the existing evidence base regarding our research topic, we conducted
a scoping review. Such reviews are an increasingly accepted methodology for reviewing
health research evidence [14], and they have been successfully applied in a variety of
fields relevant to this study, such as assessing e-health programs in LMIC [15]. Addi‐
tionally, further characteristics of scoping reviews support this approach: the scoping
process benefits from an analytical reinterpretation of the literature, while it does not
usually require assessing the quality of the studies included, and it may be especially
relevant in disciplines with emerging evidence. Furthermore, scoping reviews allow the
incorporation of a variety of evidence and study designs and may produce novel findings
[14]. Two researchers (AK and NM) conducted searches of electronic databases in
January and February 2016, including PubMed and Academic Search Complete (all
databases) from the year 2000 to the present. Given the interconnected ways in which
the terms “skills” or “information” are employed in health-related literature and their
relationship to other multi-dimensional concepts, such as “data quality”, “health
system”, “health workers” and so on, we kept the search terms broad to warrant a
sufficiently wide coverage of the topic. These initial searches yielded many non-relevant
papers, so an additional search string was included to increase the relevancy of the
results, and this returned 519 articles that were reviewed by title or abstract. The database
searches were complemented with additional searches on relevant organizational
websites, reference lists of key papers and hand searching of journals online. We limited
our search to full-text studies published in English and focusing on LMICs. Our review
identified 18 studies that captured the key ideas relevant to the research question [16].

In addition to the scoping review, we interviewed a number of key informants
involved with HIS in under-privileged settings in South Africa. This component of the
study was conducted in 2012 by AK and was approved by the Trinity College Research
Ethics Committee (in Dublin, Ireland) and the Western Cape Provincial Research Health
Committee (in South Africa), as well as by the local health authorities. More specifically,
the interview data was obtained from 28 informants, who worked in various roles at four
levels (clinic, sub-district, district and provincial level) of the Western Cape public
health system. Since each informant was in a role that involved collecting, producing,
recording, reporting or using health data, they could inform us on how they perceive
challenges in the HIS, including the human aspect of it. The semi-structured interviews
were conducted face-to-face, predominantly at the place of work of each informant, as
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18 individual interviews and 4 group interviews with 2 to 3 informants. The informants
included females and males, as well as people of black, coloured and white origin. Not
all informants were asked the same questions. Some of the informants did not focus
primarily on the information skills of the health professionals, whereas others raised that
as a key issue. Nevertheless, they all provided rich data relevant to the research question.

3 Information and ICT Skills of Health Professionals – Literature
Review

Studies that have examined the health professionals’ role in health information systems
in an LMIC context have generally focused on the availability of human resources rather
than on competence [17]. Furthermore, while the importance of human capacity building
for the efficient functioning of various HIS in under-privileged settings is long acknowl‐
edged in academia [18], most studies merely mention the challenges in this area as a
matter of course. In line with that notion, our review found a limited number of relevant
articles on limitations in the information and ICT skills of health professionals.

3.1 Computer Skills

Despite the obvious benefits of ICTs to healthcare, their adoption has been problematic
and the rates of use have been limited, particularly in many resource-restricted settings.
Two large-scale surveys have been conducted in Ethiopia recently. In Addis Ababa
hospitals, out of 270 participants, 91 (34%) showed an adequate knowledge of
computers, while 108 (40%) had fair knowledge and 71(26%) inadequate knowledge
[19]. In northwest Ethiopia, 356 (59%) of the 606 health professionals studied were
computer literate [10]. A smaller-scale assessment in Kenya found that approximately
half (58 out of 121) of the health workers had no knowledge on how to use computers,
which contributes to further limitations in data analysis and utilization skills [20].
Studies in Iran [21], Nigeria [13] and India [22] have found variation in nurses’ computer
skills, the Iranian study reporting the mean of 43% of computer skills based on the
International Computer Driving License (ICDL) [21]. In Nigeria, approximately one
fifth of the 180 nurses studied rated themselves as “novices” in information technology
and claimed to possess little or no skill in the use of computers, with 68 (38%) main‐
taining that they had never had formal training in information technology [13]. Similarly,
an earlier Nigerian study [23] reports that approximately one fifth (22%) of the surveyed
148 health record officers, medical students and doctors showed poor knowledge of
computers, while a majority (59%) had average knowledge and 19% demonstrated a
good knowledge. Conversely, in Uganda, 82% of the 68 investigated self-reported being
good or very good at using PCs, but reported significantly lower skill levels in using
fax, printers or specific software, such as Microsoft Excel [9]. The authors suspect that
the self-reported figures reflect the doctors’ confidence and some understanding of ICT,
but that the level of skills demonstrated in the study may nevertheless form a significant
barrier to the use of ICT.
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3.2 Skills and Understanding of the Routine Health Information System

While it is important to possess a set of basic skills to be able to use computers in general,
sometimes it is a specific health information system that health professionals need to
work with. These systems may be routine health information systems (RHIS) that
“provide information at regular intervals of a year or less through mechanisms designed
to meet predictable information needs” [24]. In Benin, a data quality assessment
including a health worker survey (n = 116) noted that the health professionals were
inadequately qualified, as few had been trained on RHIS and the training received had
not always been fit for purpose [25]. Kenya established their RHIS in 1984; however,
55% (67) of health workers had no knowledge about it [20]. In South Africa, researchers
call the lack of knowledge about the RHIS rationale “disturbing” [17]. Since the average
knowledge of the RHIS rationale was 22%, this suggests a limited understanding of the
significance of the health data collected. Correspondingly, more than half of the surveyed
161 health professionals claimed that they had not received RHIS training in the last six
months prior to the study [17]. There is a need to allocate, train and support management
and end users in RHIS use in South Africa [26].

3.3 Data Security Skills

A further category which is connected to the daily use of computers and the RHIS are
data security skills. Confidentiality and data security, amongst other issues, are seen as
an important part of any health record system both in the developed and the developing
world, but literacy rates and cultural differences may influence the application and rele‐
vance of these concepts in LMIC [27]. A Botswanan [6] and an international study [28]
report a lack of standard practices for backing-up the data, storing source documents
and safeguarding confidentiality. Health data may not be backed up, and if it is, memory
sticks are a customary method, which may result in the loss of data [6].

3.4 Data Management Skills and Analysis Skills

The ability to use a computer or a RHIS is closely connected to the ability to manage,
manipulate, validate and analyze data. Hence, these overlapping categories are not
distinguished as separate entities in all studies, though they may not necessarily be the
same thing, either. Besides the health professionals’ computer knowledge, the afore‐
mentioned Kenyan study [20] also evaluated the health workers’ ability to perform basic
information management functions. The study revealed that the majority were not able
to perform such tasks: only 17% of the 121 health professionals could check for data
accuracy, compute trends from bar charts or convert the collected data into meaningful
information for use. This discovery is consistent with their finding that 91% had never
received training for information management [20]. These figures show no progress
compared to earlier evidence from a 15-country study: 13 out of 21 LMIC sites studied
included personnel trained in data management or data quality control [28]. In South
Africa, 64% of the 161 health professionals had poor numerical skills as regards being
able to calculate percentages, amongst other things. Although the average confidence
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levels at performing routine tasks related to health information was 69%, only 22%
actually displayed a competence above 50%. Furthermore, the average ability to check
data quality was 36% [17]. Similar challenges have been experienced elsewhere [6, 29–
31]. A study on the Kenyan HIV information system describes the staff’s ability to check
data quality, undertake basic data analysis and interpretation, and utilize the data for
decision making as “limited” [29]. Likewise, in Botswana, most monitoring and eval‐
uation (M&E) personnel at the national and district levels had received basic training in
M&E, but their analytical skills were reported to be notably weak [6].

4 Empirical Findings

In addition to the scoping review, interview data was collected in South Africa in
connection to a case study. There are ways to measure the actual skill and confidence
levels of health professionals for information tasks, but such assessments were not made
within this study. Rather, the empirical component of this study reports issues that are
perceived as challenges by South African health professionals whose tasks include
working with health data.

The first finding that was not revealed by the scoping review, but which feeds into
all the further limitations in information and ICT skills is the issue of language skills.
For a large proportion of the population in South Africa, the language barrier continues
to compromise the quality of and access to healthcare [32]. The data of the current study
suggests that such challenges may occur at every level, but the issue is particularly
pressing at the facility level: a lot of time is spent “getting information out of people”
(Informant, field level). In the clinic and sub-district investigated in the case study, most
patients speak Xhosa as their first language and therefore recruitment at the facility and
sub-district levels has been done locally. However, all the forms, registers and infor‐
mation systems that the staff is required to use, are in English.

A second finding, which did not emerge directly in the evidence reviewed but which
is nevertheless consistent with the limitations reported in the literature, relates to the fact
that a sizable number of South Africans still lack an adequate basic education. Amongst
them are individuals who work in the health system or with a close connection to it (such
as tuberculosis community workers). They may be providing lifesaving care, but still
have rather limited basic mathematical, reading and writing skills. According to the
informants, this may create challenges in understanding very basic concepts.

“… a lot of people don’t even have proper mathematical literacy skills. … a lot of people are
struggling with words … so how can they interpret data?” (Informant, Province)

This reinforces the message from research from elsewhere in South Africa [17] and
can be considered an underlying factor that contributes to further limitations in ICT and
information skills.

Not surprisingly, several informants indicated that poor computer literacy prevails
at the hospitals and clinics.

“Most people who work in the hospitals are not computer literate when it comes to Microsoft
Office … … Most of them can’t work with pivot-tables, or most of them can’t work well with
Excel …” (Informant, M&E position)
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While the majority of the facility managers do have email, it was reported that they are
not always confident about using it or other modes of electronic communication. Whilst
most challenges were reported at the clinic level, it was also maintained that the higher-
level health authorities have difficulties in understanding and utilizing technology.

Therefore, many agreed that while further computerization would be beneficial in
terms of data quality and in reducing reporting duties, it should not be attempted until
staff are a lot more information savvy. Weaknesses in data security skills were also
reported. According to the informants, facility staff members use their own memory
sticks on the computers, introducing viruses. Since many frontline health workers in
under-privileged settings do not have computers at home, we assume that when they
need to, they may be inclined to use the computer at work for non-work activities.

In the setting of our case study it was not possible to make a distinction between the
skills and understanding of the RHIS and the overall data management and analysis
skills. However, we did find challenges in this area. An informant argued that the
utilization of data is limited by the lack of skills required to manipulate the data so as to
make it easily usable for decision-making.

“[People cannot] … do the manipulation to get whatever information you want. So, it is a
headache in that sense and the managers are not prioritizing this dataset … … because they
can’t get anything out.” (Informant, M&E position)

We also found that concepts that help in interpreting data might be unfamiliar.
This is consistent with the South African studies reviewed [17, 30]. In our case study
setting, shortcomings in this area became particularly evident in the context of the feed‐
back loop. Informants described how, after attending meetings, coordinators feedback
the key messages from the printouts in such a way that the lowest-level staff and
community workers can understand the trends. This requires that the concepts that
communicate the information in ratios or visually are also explained. For instance, a
field-level informant reported: “Sometimes they don’t understand this percentage thing.
So, I have to explain to them”. Or: “Graphs gotta be very basic, bar graphs, you can’t
go for pies or anything just bar graphs, just plain and simple” (Another informant) and
even the bars need to be fully explained: “This bar means this. This bar means that.
What we are looking for is to see this bar going up”.

Finally, we also identified a lack of epidemiological or clinical understanding of
the data elements and indicators required. Those whose role was within a single
health program (such as management of the antiretroviral medication (ART) program
for HIV) were keen to point out a difference to those who mainly work with general
health information:

“they don’t pick up the errors, so they are not Program people; they’re just punching numbers…
because for us from Programs you can very easily spot something that looks funny…… whereas
someone who’s just punching number; if they punch 1, 2, 3 … 1, 2, 3, 48 they won’t necessarily
think about the 48, whereas you would immediately realize that, that 48 can’t be.” (Informant
in Program Management)

This is consistent with the results from another South African case study [33].
The researchers assessed the degree to which general health service (horizontal)
managers exercise authority over the HIV program’s M&E function, namely, HIV
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data collection, collation, analysis and use. They found that compared to vertical
managers, i.e., managers working in a disease-specific (HIV) position, horizontal
managers had lower HIV M&E knowledge, and were more likely to produce HIV
data but less likely to use it [33].

5 Discussion

Our study illustrates that there are various weaknesses in health workers’ skills in an
LMIC context and it is vital to address them, whether they relate to the ability to use
computers in general or to the RHIS concerned or to capabilities to convert that data
into meaningful information. Therefore, our study reinforces earlier evidence of a need
to identify effective solutions and simple interventions to address the human competence
and other underlying factors in order to improve data quality and to strengthen the health
systems [6].

How to address the weaknesses identified? A global vision to develop informatics
has been proposed by the American Medical Informatics Association. It recommends a
system-wide approach where education and training should be offered at the leader/
policy level (for instance, in the form of seminars); to health professionals (degree and
certificate programs; short courses); and ICT technology and support level (degree and
certificate programs; short courses) [5], thus echoing other studies that have highlighted
the importance of educational strategies, curricula development and tertiary training
programs to improve the level of informatics knowledge, skills, and attitudes in both
formally and informally trained health professionals [6, 18].

However, this approach should be complemented with a decentralization of
mentoring and training initiatives from the national to the district levels for the health
work force delivering care at the facility level [6]. On-the-job training and mentoring
and short interventions have yielded positive results in LMICs [34].

6 Conclusions

Healthcare is an ever-evolving and profoundly information-based discipline. It is vital
that health professionals have sufficient capabilities to respond to the increasingly
complex information needs. These needs may be particularly pressing in settings where
the resources are already thinly spread. Our findings reinforce the message from previous
research [5]: a basic-level information/ICT training is essential for all practicing health
professionals, and more effort should be invested in it, especially at the field level, but
also at other levels of the health system. What our study adds is a more nuanced under‐
standing of the different types of training needs that exist. Moreover, it highlights the
challenges related to language and basic literacy skills that undermine any improvement
efforts, unless addressed first. Therefore, the training and education aimed at improving
the ICT and information skills of the health professionals have to be versatile and cater
to varying groups with differing needs, and approaches should be adapted to the local
context. It is only then that the benefits of the information collected can be utilized to
strengthen the health system.
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Abstract. Information and Communication Technologies (ICTs) play a pivotal role
in enhancing learning and teaching at all levels of education across the globe. Many
developed countries appreciate that the use of ICTs has improved the quality of
education. Developing countries such as Malawi have also incorporated ICTs in
various curricula of programmes at all levels of education. Unfortunately, these
resource constrained countries face a number of challenges in gleaning the maximum
benefits of ICT in education sector.

This paper discusses the fundamental challenges underlying ICT develop‐
ment in the education system in Malawi. Some recommendations have also been
made on how to mitigate the challenges that are encountered in the education
sector in Malawi. The paper further advances the notion that the ICT intervention
in education can be meaningful and effective if all stakeholders such as govern‐
ment, private sector, policy and decision makers, communities, students, teachers
and international agencies are engaged at all levels of the education system. An
attempt has also been made to compare different models of implementing ICT in
the education system in a resource constrained environment. The paper finally
proposes an inclusive model for the ICT intervention in education system in
Malawi.

Keywords: Model · Resource constrained · Malawi · Holistic approach

1 Introduction

Information and Communication Technologies (ICTs) are indispensable tools in
enhancing learning and teaching at all levels of education across the globe. Many devel‐
oped countries appreciate that the use of ICTs has improved the quality of education.
Developing countries such as Malawi have also strived to incorporate the usage of ICT
tools in various curricula of courses at all levels of education. Unfortunately, these
resource constrained countries face a number of challenges in gleaning the maximum
benefits of ICT in education sector. This paper therefore endeavours to highlight the
emerging challenges of the usage of ICT in the education system of Malawi. It then
gives some recommendations to address these challenges. The paper finally proposes
an ICT model to enhance teaching and learning in the education system in Malawi.
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Section 2 gives the objectives of the study which is followed by Sect. 3 on methodology.
Section 4 provides the background of the study. Section 5 outlines the challenges under‐
lying ICT development in education in Malawi. This is followed by Sect. 6 which
discusses a holistic model to ICT interventions in education system. Recommendations
are succinctly explained in Sect. 7 which is followed by a conclusion of the paper in
Sect. 8.

2 Objectives of the Study

The aim of conducting the study is to propose a model that will be used by various stake‐
holders including teachers, policy makers, decision makers and others in implementing ICT
in the education sector at all levels in Malawi. The following specific research questions are
addressed during the study:

(i) What is the status of ICT interventions in the education sector in Malawi?
(ii) What are the challenges that are encountered in implementing ICT interventions

in the education sector in Malawi?
(iii) What model can be used to implement sustainable ICT interventions in Malawi?

3 Methodology

The study embraced the systematic review of different journal articles, peer reviewed
conference papers and books with an aim of answering specific research questions. This
involved the formulation of research questions; searching of relevant work from multiple
sources; describing study characteristics; summarising the evidence and finally interpreting
the findings [1]. A number of articles by various researchers were accessed from electronic
databases such as Science Direct, Google Scholar, web of science, ERIC and EBSCOhost.
Most of the journals that have been analysed are from 2002 to 2016. The study also endeav‐
oured to examine other documents such as Malawi ICT National Policy, Global Informa‐
tion Technology Report, E-learning Africa report and books.

A combination of keywords such as model, framework, guideline, ICT, computer,
education, developing, underdeveloped, poor setting, implementation, challenges, barriers,
ICT interventions, resource constrained and Malawi were used to select appropriate arti‐
cles. This resulted in displaying more than 10,000 articles. Special Boolean operators like
AND, OR and NOT were employed in order to alter the scope of the search. These articles
were further filtered by year and title of the publication with their relevance to the imple‐
mentation of ICT in education and learning in a resource constrained setting such as Malawi.

4 Background

4.1 Context Setting

Malawi follows an 8-4-4 education system which is composed of primary schools,
secondary schools and University. This means that primary school, secondary school
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and university education takes 8 years, 4 years and another 4 years to complete respec‐
tively [2]. With a population of approximately 16 million, Malawi has a total of
4,449,000 pupils enrolled in primary and secondary education. 83% of them are enrolled
in primary education [3]. It is also interesting to note on average 62% of 15 to 24 year
olds do not complete primary education in Malawi. However, the literacy rate is 72%
among the youth population; this is higher than the average youth literacy rate in other
low income countries [3]. For the purpose of this paper, literacy rate is the ability to read
and write with understanding a simple statement related to one’s daily life. With regards
to ICT literacy, most public primary schools do not offer computer lessons. It is only in
the isolated few private primary schools where pupils can learn the basics about
computers. At the secondary school level, very few isolated schools offer computer
studies as a subject due to a number of challenges. As for public institutions of higher
learning, only Mzuzu University, the University of Malawi and Malawi University of
Science and Technology offer degree programmes in either computer science or ICT.

4.2 ICT Interventions in Education

Many ICT interventions have been put in place in an effort to circumvent some of the
aforementioned challenges. The major goal of these interventions is to improve the
quality and quantity of learning and teaching at all levels of the education system since
ICT has proven to provide opportunities for teachers and students to collaborate within
the schools and the rest of the world [4].

The government of Malawi adopted a National ICT Policy in December 2005 which
aimed at developing the ICT industry and at the same time promoting the development
and use of ICTs in all sectors including the education sector [5]. It was therefore envis‐
aged that the use of ICT in education sector would assist in improving the management
of education systems in Malawi, thereby transforming Malawi into an information and
knowledge driven ICT literate nation [5]. This would consequently enable the improve‐
ment of ICT literacy levels by both students and teachers. To achieve these objectives,
many strategies were developed such as ensuring that primary, secondary schools and
colleges have adequate and reliable computers; building facilities to promote ICT
training and education in schools and colleges; promoting e-learning, e-teaching and e-
distance learning; and developing user-friendly electronic management information
systems to improve the quality of management of educational institution [6]. Institutions
were therefore formed to facilitate the implementation of the National ICT policies. In
collaboration with the Department of E-Government, the responsibility of the Ministry
of Education is to promote and facilitate the development and utilization of ICT skills
in the education sector. On the other hand, Malawi Regulatory Authority is an ICT
regulator that promotes the development of the ICT sector through investment, moni‐
toring, research and training to professionally deliver reliable and affordable commu‐
nication services throughout Malawi [7].

There are a number of projects that assist to bridge the digital gap in Malawi. For
instance, Computer for African Schools (CFAS) is a scheme that was administered by
British council in collaboration with SchoolNet Malawi Trust. This enabled the introduc‐
tion of computer lessons in some of the secondary schools in Malawi in 2003. The scheme
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provides computers to schools that have the right facilities and security to house the equip‐
ment. Erach and Roshan Sadri Foundation (ERSF) is another charity organization which has
managed to donate a number of ICT equipment including desktop computers, wireless
access points, laser printers and internet access to various schools. The secondary school
beneficiaries are Blantyre, Chichiri, Zingwangwa and Chipasula secondary school. For
instance, in appreciation of this ICT intervention, the headmistress of Blantyre secondary
school said, “The lab has increased the enrolment ratio of students pursuing computer
studies. It has also simplified teaching and learning for the teachers and the students” [8].
This is one of the scenarios that substantiates how ICT can transform the teaching and
learning environment in schools. Table 1 summarises some of the projects in education in
Malawi. It must be known that most of these projects are donor funded and therefore they
are not centrally run by the government.

Table 1. Some ICT Project interventions in education in Malawi

No. Project Focus Beneficiaries
1 MAREN Internet connectivity for the

tertiary education and research
sectors in Malawi  [9].

Institutions of higher learning in
Malawi: Mzuzu University and
Chancellor college, College of
Medicine.

2 FAIR Denmark Bridging the digital divide
between developed and
developing countries by
providing refurbished ICT
equipment [10].

Secondary Schools in the
northern and central regions
which received over 1000
desktop and laptops.

3 ITSchoolsAfrica -
Computers for
Malawian Schools

Creating e-learning centres for
students and training of teachers
[11].

Secondary Schools such as
Blantyre, Chichiri, Chipasula,
Zingwangwa.

5 Challenges in ICT in Education in Malawi

Malawi is rated as one of the poorest countries in the world owing to a number of factors.
For instance, its infrastructure is underdeveloped. There is poor road network infra‐
structure, poor and few number of school facilities. There are few schools with limited
number of classrooms. As a result of this, most pupils learn under the tree. Therefore
increasing number of schools remains a priority over the acquisition of computers in an
effort to introduce computer lessons at all levels of education. The power supply in
Malawi remains unreliable. There is intermittent power supply across the country. In
some instances, black out may even last for days. World Bank states that 8% of the
population in Malawi has access to electricity. In addition to this, 84% of the population
lives in the rural areas where there is no electricity [12]. This means that the national
electrical energy system is accessible to less than 1% of the rural population [13]. It is
an undeniable fact that computers need regular supply of power for them to operate.
This poses a number of difficulties even in primary, secondary and let alone university
where computers lessons have been introduced.
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High cost of telecommunications aggravates the feasibility of introducing computer
education at all levels of education too. Malawi remains a country where the cost of
internet access is still high [14]. Unfortunately, some computer lessons at all levels of
education require access to the internet in order to obtain current and updated study
materials. Internet access may be necessary when students and teachers need to commu‐
nicate in real time over a long distance. As if these problems are not enough, cellular
network coverage still remains limited. Even though, better cellular network is found in
the urban areas, over 80% of the population live in the rural areas. Introducing ICT at
all levels of education still remains a hassle in Malawi because most pupils cannot afford
to acquire even the basic ICT gadgets. The penetration of mobile and fixed phones too
is one of the lowest in Malawi as compared with other countries across the African
continent. 45% of the households in Malawi use a mobile phone while 1% use fixed
phones [7, 15]. It is therefore not surprising that Global Information Technology Report
ranked Malawi as among the countries that is below the average Network Read Index
(NRI) [16].

The quality of education in Malawi is very low with high student/teacher ratio of
63:1 at primary level. The absence of teaching and learning materials, adoption of peda‐
gogical learning and deployment of untrained teachers especially at primary level
contribute to the dwindling quality of education in Malawi [17]. Most teachers in the
primary, secondary and even at the university level are computer illiterate due to negative
attitude towards technology change. No wonder there is a proliferation of sub-standard
ICT syllabi and poor ICT service delivery in the schools. This presents difficulties in
offering computer lessons to pupils or students at all levels of education in Malawi.
Besides this, most qualified trained ICT teachers opt to go for greener pasture. They
either migrate from Malawi to other countries especially within SADC region or they
may opt to move to a private sector rendering the public schools still in dire need of ICT
competent teachers. Due to high levels of ICT illiteracy in schools, teachers have prob‐
lems in appreciating the introduction of ICT in education. To this end, most teachers
who are used to traditional ways of teaching may not have enough confidence in
embracing the ICT interventions.

As one of the poorest countries in the word, Malawi still depends upon donors for
financial support across all sectors. In fact, approximately 40% of the national budget
for Malawi comes from donors. Since ICT is taken as an enabler to the implementations
of core services, it is not given enough financial allocation.

With the dynamic advancement of internet technology, most researchers can easily
collaborate and even easily share research publications. However, this is not the case
where there are high levels of ICT illiteracy. As a result, current best practices of teaching
and learning are not being incorporated in the curriculum.

In conclusion, Malawi being part of Africa, it shares the some problems with the
other countries in the adoption of ICT in education system as stipulated in the E-learning
Africa 2015 Report. Generally, common obstacles that prevent greater use of ICTs are:
high cost of ICT services, unavailability of ICT equipment, poor electricity or energy,
lack of awareness of how best to use ICT in education, lack of government investment
or support, lack of private investment, lack of relevant content and lack of confidence
in embracing ICT [18].
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6 Approaches in Implementing ICT in Resource
Constrained Setting

There are a number of models that have been used to implement ICT in the education
system in resourced constrained settings such as developing countries. Hawkridge stipu‐
lated six rationales for adoption of ICT in schools especially in the developing countries
[19]. First, the preparative rationale ensures that students use ICT so that they are
equipped with skills for their social and vocational functioning. Second, the pedagogical
rationale uses ICT as an enabler to improve student learning, understanding and reten‐
tion. Third, catalytic rationale employs ICT as a catalyst to stimulate educational change.
Fourth, the accessibility rationale ensures ubiquitous access to education by every
student. It is noteworthy that mobile learning technology seems to be a promising solu‐
tion in enhancing accessibility in remote and resource constrained setting. Fifth, the
motivational rationale entails that ICT motivates students to engage in learning activi‐
ties. Sixth, the administrative rationale uses ICT to monitor students and manage educa‐
tional processes and components in institutions [19]. It is not surprising that most models
and approaches in implementing ICT interventions evolve around these rationales.

Mishra and Koehler proposed a generic Technological Pedagogical Content Knowl‐
edge (TPACK) framework that facilitates technology integration in the teaching and
learning environment. It is envisaged that this framework requires that teachers have
technological pedagogical content knowledge to competently embrace ICT in the class‐
room environment [23, 24]. On the other hand, the Substitution Augmentation Modifi‐
cation Redefinition Model (SAMR) emphasizes different levels of ICT integration; from
enhancement to transformation of lessons. At the enhancement level, technology acts
as a direct tool to be used firstly with no functional change but secondly with an
improvement change. At the transformation level, technology allows for the redesign
of significant task and also it allows for the creation of new tasks which were incon‐
ceivable before [25]. SAMR model has been used to evaluate the deployment of ICT
intervention in the mobile learning environment. On the other hand, Donnor and Kentaro
recommends the model of ICT integration in education that focuses on processes and
outcomes rather than the supply of hardware and equipment [26]. This is related to
Hamel’s human development approach that employs the technology to enable people to
collaborate, network and learn beyond national borders [27].

Another promising approach in resource constrained environment is mobile
learning technology intervention. The benefits of mobile learning are: (i) It is flex‐
ible for learners as they can use their mobile devices anywhere and at any time with
different forms of data such as video, text and audio. (ii) Content in mobile platform
is concise which contributes to better completion rate by learners (iii) Online commun‐
ities enhance collaborative learning. (iv) It enables learners to assimilate concepts at
their own pace as it facilitates an increasing personalised learning. Despite all these
benefits, implementation of ICT in the education sector in resource constrained envi‐
ronment has not been rosy. Table 2 endeavours to compare some of the different
approaches in deploying ICT interventions in the education sector in some of the
resource constrained environments.
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Table 2. Approaches in implementing ICT intervention in some of the resource constrained
environments.

No. Country Framework/Approaches Focus/Components
1 South Africa A Pragmatic framework for

integrating ICT into
education in South Africa
[20]

Mobile instant messaging service
Mobile tutoring platform
Mobile teaching platform
Learning content by content providers
Learning management systems
Various learning activities
Multiple learning models

2 Nigeria ICT integration in
education [21].

Establishment of computer laboratories in
university and some institutions with
support from external sources
Computers and blended learning being used
in the distance learning programmes of some
teacher raining institutions
Radio and television in distance learning
Establishment of ICT laboratories and cyber
cafés

3 Tanzania An approach to ICT based
school education in
Tanzania [22]

Introduction of mobile computing
laboratory facilities
Computer assisted instruction-learning/web
based learning
Computer supported teaching
Institutions of higher education adopting the
nearby schools

Much as the ICT has been appreciated in advancing the quality of education at all levels,
it is of paramount importance not all ICT solutions that have worked in developed countries
can also be successfully implemented in a resource constrained setting such as Malawi. These
solutions need to be customised in response to the local knowledge and cultural beliefs. The
relevant and appropriate solutions must meet the needs of the developing country such as
Malawi. In this context of argument, a simplistic model is proposed that must be followed
when implementing ICT interventions in a resource constrained setting such as Malawi. With
reference to Fig. 1, the model has three major phases: planning; implementation; monitoring
and evaluation. Figure 1 depicts these phases as explained in the following [26]:

(i) Planning

This may involve establishing institutional goals at district, regional and national
levels. Malawi had three administrative regions which are further divided in 28 districts.
Stakeholders and necessary resources need to be identified to meet the formulated
visions, goals, and objectives. Planning teams need to be formulated for the acquisition,
deployment and disposition of resources. Technological, social, cultural, financial and
political requirements that are necessary for the deployment of ICT interventions must
succinctly be explored. Staffing and training needs must be considered during the
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budgeting process during this phase. It is important that all stakeholders such as teachers,
parents, policy makers and even students are involved at an early stage as possible.

(ii) Implementation

At this phase an action plan must be designed and fully implemented. This may
involve the actual acquisition of the necessary resources as well as the planning of their
integration in the classroom to meet the institutional goals. Other activities may include
the design and implementation of course content; design an approach to classroom
assessment; design professional development activities for teachers; and the design of
monitoring and evaluation framework.

(iii) Monitoring and evaluation

Once the ICT interventions are fully operationalised, the monitoring and evaluation
framework assists the management and other stakeholders to determine whether the
objectives have been accomplished.

7 Recommendations

This paper therefore endeavours to provide a number of recommendations. Since mobile
technology has an advantage of being accessed ubiquitously, it is a promising technology
for resource constrained settings especially where road network infrastructure is bad.
With the proliferation of basic mobile phones in Malawi, an investment of mobile appli‐
cation in education by both the public and private sector stake holders is highly

Fig. 1. A model to ICT interventions in Education system in Malawi
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recommended. Strides must be made so that applications that are used in education sector
must be developed in a language and cultural context of the learner. This may eventually
reduce the learning curve when ICT interventions are introduced. This will also motivate
the leaner to accept the new technology. The major problem of internet connectivity in
the education sector needs to be addressed if ICT is to reap adequate benefits. Private-
public partnerships can be set up in order to improve poor ICT infrastructure and limited
cellular network coverage. Policies must be formulated in order to assist rural areas to
have an access to affordable ICT gadgets and services.

As it has been noted that most teachers and instructors at all levels of education are
ICT illiterate, deliberate policies must be put in place to ensure the acquisition and
development of ICT skills. This can be done by incorporating ICT in the curriculum at
all levels. Through e-learning, e-teaching and e-distance learning, students and teachers
must be encouraged to adventure various ways of improving their ICT skills. It is argued
that channelling resources towards empowering teachers in ICT skills and profession‐
alism will have a longer-term and sustainable impact on the education of the students
[28]. Being one of the poorest countries, Malawi lacks a number of resources including
computers and network equipment. It is therefore recommended that collaborative effort
must be made among government, international agencies and private sector to ensure
the availability of computer hardware and software in primary schools, secondary
schools and colleges. There is a need for ICT policies to be formulated so that they are
in tandem with promoting ICT education. This will facilitate the adoption of ICT as a
tool for research and e-learning. There must be a political will by the government to
promote the implementation and utilization of ICT in the education sector. To circum‐
vent the lack of electric power, solar energy can be used to power mobile devices.
Teachers need to be involved in the creation of content of course content for mobile
technology learning as early as possible. Finally, monitoring and evaluation mechanisms
must be put in place in collaboration with the public and private sector to ensure the
sustainability of ICT policies and projects in education. This is why a model is proposed
in introducing ICT interventions in the education system in Malawi. This model can be
sustainable only if there is fiscal discipline and political will by the government in
collaboration with other stakeholders.

8 Conclusion

This paper has highlighted the ICT interventions that have been put in place by various
stakeholders in order to improve the quality of education at all levels. It has also endeav‐
oured to outline the challenges that are encountered in a resource constrained environment
such as Malawi. This paper has also highlighted that, even though there are workable ICT
solutions in the developed countries, not all of them can successfully be implemented in a
resource setting. This is because of disparities in terms of cultural, technological and social
differences in this setting. Recommendations have been therefore made to address these
challenges in a resource constrained environment. It is also recommended that a model be
adopted to assist in the planning, implementing, monitoring and evaluating of ICT inter‐
ventions at all levels of the education system in Malawi. Emphasis is therefore made that
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this model can be sustainable only if there is fiscal discipline and political will by the
government in collaboration with other stakeholders. It is envisaged that the implementa‐
tion of the model will ensure the availability, accessibility, acceptability and adaptability of
ICT solutions in the education sector while enhancing teaching and learning especially in the
resource constrained environment.
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Abstract. This paper is a project case report of a proposed West African Digital
University that started based on the outcome of several research findings that
focused on three West African countries mainly on export e-education through
e-learning environments, which has been discussed as a way to improve African
students’ learning culture, designs and usability of web-based learning. The main
aim and objective of this digital higher education institution are to contribute to
the possible solutions to problems of higher education in developing countries,
in particular the sub-Saharan West African countries by providing export
e-education to West Africa citizens. The West African Digital University, put in
practice, would develop students’ minds and raise awareness for peace and toler‐
ance as a way of integrating the West African region.

Keywords: West Africa (W/A) · Digital university · Higher education institution
(HE) · Export e-education · e-learning environment/web-based learning
environment

1 Introduction

The Economic Community of West African States (ECOWAS) in its education sector
has increased the importance of export education through e-learning for higher education
across the boundaries of ECOWAS in order to diversify member states’ education
systems and attract more international students [1].

To achieve this aim of ECOWAS, West African countries are facing challenges in
the attempt to adopt export e-education due to the issues of educational policies in West
African States’ infrastructure, acceptance, accessibility and willingness of member
states’ governments, students and teachers or/and the perceived acceptability of e-
learning methods [2, 3].

This project case for the West African Digital University report will focus on the
processes and practice of achieving this ECOWAS aim through e-learning environments
has been discussed as a way to improve African students’ learning culture, designs and
usability of web-based learning environments. Web-based environments/e-learning
through a digital higher education institution have also been discussed to contribute to
the possible solutions to problems of higher education in developing countries, in partic‐
ular the sub-Saharan West African countries by providing export e-education to West
Africa citizens. This is in order to develop students’ minds and raise awareness for peace
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and tolerance as a way of integrating the West African region [1], which is the main aim
and objective of the West African Digital University.

This project case report will be based mainly on three parts in respect to the context
of a case for the West African Digital University (an on-going project) as a medium of
regional integration in West Africa. These parts are:

(1) The description of the electronic site of the Digital University and its infrastructures.
(2) The description of the traditional or physical site of the Digital University and its

operational structures.
(3) The study contents and contexts, such as, university affiliations or partnerships,

degree certifications, and the three educational actors’ win-lose situations in West
Africa focusing on education and export e-education as a way of promoting a culture
of peace and tolerance.

Essentially, the practical and operational results of the West African Digital Univer‐
sity would provide meaningful students’ acceptance, accessibility and willingness of
adopting export e-education (in higher education) through a smart digital higher educa‐
tion institution in West African developing countries. It would in practice and process
showcase the solutions to questions that reflect on these areas of students’ acceptance,
accessibility and willingness of adopting export e-education (in higher education) through
a smart digital higher education institution in West African developing countries.

2 Literature Review and Theoretical Background to the Region of
West African States

The idea and motivation for the project for a West African Digital University reflects
on the findings and outcomes of several research studies in respect to the followings:

• The benefits of e-learning, web-based learning and virtual learning that has been
anticipated for more than a decade since governments and university educators and
researchers have been discussing the change from the traditional teaching and
learning methods based on the revolutionary adoption of technology and technology-
supported approaches through use of computers [4].

• ECOWAS education sector’s commentaries on the digital divide in education insti‐
tutions among member states ready for e-learning and wed-based learning environ‐
ments use show that less than 35% of higher education institutions in Gambia, Ghana
and Nigeria had the infrastructures and equipments to effectively implement e-
learning in their teaching and learning processes [4–6]. Despite these infrastructure
and implementation problems, the West African governments through ECOWAS’s
education wing have been very active to develop educational technology policies to
promote the use of technology in HE institutions in the region [1].

• Additional problems that seem to hinder development and adoption of online learning
seem to include lack of motivation to adopt e-learning, lack of financial support, and
lack of a clear-cut education development policy from the governments of these West
African states in respect to their higher education systems [7].
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• African learners’ collective learning values as one of the key requirements to e-
learning environment designs and usability in an African context, while learning
through online, VLE, MOOCs and etcetera is learner centered. In this perspective,
the study on cultural influences in the designs and usability of web-based learning
environments from Africa and Europe points out that pedagogical designs for African
learners should be based on learners’ motivation and self-regulation among students
as well as the higher reliance on group learning because the learning culture of the
West African is influenced by strong values of collectivism and respect for
authority [8].

It is based on these foregoing that the West African Digital University will implement
and put into practice and process as a medium of promoting culture of peace and toler‐
ance as a way of integrating the West African region through export e-education.

According to the United Nations [9], Western Africa includes the following sixteen
countries: Cape Verde, Senegal, Gambia, Guinea, Guinea-Bissau, Sierra Leone, Liberia,
Mali, Burkina Faso, Mauritania, Niger, Cote d’Ivoire, Ghana, Togo, Benin and Nigeria.
These Western Africa countries formed the Economic Commission of West African
States (ECOWAS) in 1975. Its mission is to promote economic integration in “all fields
of economic activity, particularly industry, transport, telecommunications, energy, agri‐
culture, natural resources, commerce, monetary and financial questions, social and
cultural matters” [1]. Figure 1 shows the geographical locations of the sixteen member
states of ECOWAS. These sixteen West African countries consist of former British,
French and Portuguese colonies, and the West African Digital University will be
focusing on these sixteen countries of ECOWAS, which will be referred to as West

Fig. 1. Geographical locations of the sixteen member states of ECOWAS Source: http://
www.mfwa.org/wp-content/uploads/2015/11/ecowas_map.jpg

176 A.O. Ogunbase and R. Raisamo

http://www.mfwa.org/wp-content/uploads/2015/11/ecowas_map.jpg
http://www.mfwa.org/wp-content/uploads/2015/11/ecowas_map.jpg


Africa in this project case report. Although the initial startup project of the West African
Digital University will focus on the Anglo-phone West African countries of ECOWAS
and later as it succeeds moves to the Franco-phone West African countries.

The practice and processes of the West African Digital University are going to be
based on e-learning design and evaluating courses, designing e-modules, technical
usability support, and project management for learning HE institutions in West Africa.
It will enable less privileged ambitious West African youths to learn in different areas
of academic excellences in different prominent universities within West African coun‐
tries and especially, in Western European countries where about 75% of African students
are presently studying either directly or indirectly [4]. This West African Digital Univer‐
sity, as earlier stated, will serve as a way of integrating the West African region through
the power of (higher) education in a flexible learning digital world.

3 The Project Case Report of the West African Digital University

The idea of the project case is to implement preceding research of this project case as
possible solutions to these problems of higher education in West Africa. These previous
research works are [4, 7, 10].

This section of the project report focuses mainly on three parts in respect to the
context of a case for the West African Digital University (an on-going project) as a
medium of regional integration in West Africa. These parts, processes and practice, are:

• The description of the electronic site of the West African Digital University and its
infrastructures.

• The description of the traditional or physical site of the West African Digital Univer‐
sity and its operational structures.

3.1 The Electronic Site and Its Infrastructures

The West African Digital University though is going to be a blended learning higher
education institution with in-house real-time course programme activities. The blended
approach will mainly be based on the idea of core technology and complementary
technology [11]. The e-site features will mainly be based on core technology of WWW-
based systems including information, communication, dissemination, collaboration and
learning resources. This will be supported with a complementary approach of prints and
real-time session learning activities, that is, complementary technology.

The West African Digital University will have its own specially developed tools,
such as, ‘tablet-computers’, ‘cloud-computing’ internet server and tuition export e-
education from the parenting HE institutions. The West African Digital University’s
web-based learning environment (e-site) will be linked with password to the partner‐
ships/parents’ module (VLE) sites for an effective e-learning system.

Project tools and manpower assistance and academic partnerships are anticipated
from Nokia, Microsoft and Huawei for prototype tablet-computers and HE institutions
from Finland, Netherlands and other prominent European and West African countries’
universities.
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The West African Digital University will be a ‘wall-less’ (education without border)
HE institution with absolute contact via the World Wide Web (WWW). It will consist
among others, of the followings:

(1) E-learning platform (i.e. e-books, e-classrooms, work activities, assessments and
submissions, group discussion and feedbacks).

(2) Partnerships (i.e. collaborating foreign universities in W/A and Western European
countries).

(3) E-learning degrees and courses that mainly based on HE such as Bachelor, Master,
Doctorate and Doctoral degrees/courses in sciences (minor non-practical based
sciences like mathematics and statistics), social sciences and education.

(4) The partnerships’ e-learning modules (VLEs links).

Figure 2 below shows the proposed World Wide Web (WWW) layout of the antici‐
pated West African Digital University’s WBLE.

Fig. 2. The E-site of the West African Digital University.

The study contents and contexts, such as, university affiliations or/and partnerships,
degree certifications, and the three educational actors’ win-lose situations focusing on
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education and export e-education as way of promoting a culture of peace and tolerance
in W/A countries would be practically experienced in the project.

3.2 The Traditional/Physical Site and Its Operational Structures

The West African Digital University will have locations (traditional site) in three West
African countries with a total of eight highly IT competent academic staff who will serve
as facilitators supporting the students online via the e-site and from these different loca‐
tions in the West African region.

The physical site structure will be the same in these three African countries and
serves as a complementary approach to the core approach of learning activities of the
West African Digital University. It is connected and run along with the e-site where
students or/and visiting lecturers and researchers stay over, especially when different
time zones are involved while learning with the parents’ universities. And students and
lecturers can also use the work or study rooms for real-time teaching and learning activ‐
ities while on site. The physical site will also consist of studio or computer display rooms
that will be used for live tele conferencing, live learning streams, on-site real time
examinations, and other live real time teaching and learning activities. The physical site
is shown in Figs. 3 and 4 below as floor layout drawing and building layout drawing
respectively.

Fig. 3. The physical site - floor layout drawing
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Fig. 4. The physical site - building layout drawing

The traditional/physical site will have its private owned electricity power supply,
such as, owned electricity transformer and diesel powered generator, to solve the
problem of distribution of public electricity supply.

4 Conclusion

The West African Digital University project will aim to contribute to the solutions to
problem of HE education in West African countries by providing export e-education to
West African citizens in order to develop their minds and raise awareness for peace and
tolerance in the West African region. It will help tackle qualitative HE education chal‐
lenges, such as, lack of universal access to HE education; poor quality of HE education
and poor management of the education system; and the increasing irrelevance of the
current West African HE education system in the knowledge society. It will help find
possible solutions to the socio-economic problems, such as, gender aspect for e-learning
(particularly well suited for female learners), armed conflicts resolution, cyber crimes
and other socio-political ills facing West African countries. It will serve as a way of
integrating the educated youths of West African region towards the development of
ECOWAS aims and objectives.

The construction of the West African Digital University is in its development/start-
up stage with initial start up in three West African countries (The Gambia, Ghana and
Nigeria) and two European countries (Finland and Netherlands), already used as case
study in the author’s doctoral research study. Tuition, in form of export e-education,
would be provided by partnership universities in West Africa and Western Europe
notably, those European countries also used as case study in the author’s doctoral
research study [8].

The project would confirm students’ supports, consents and willingness to access
export e-education through an electronic higher education institution and applications
of information communication technology in teaching and learning processes. It will
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confirm students’ responses, accessibilities and willingness to use and acquire e-
education at a higher education institution in West African countries. The West African
Digital University will continue to promote the West African students’ use of several
forms of technologies in their learning process that also has implications for the design
and usability of e-learning environments.

Many West African students have extensive experiences using computers connected
to network applications and information communication technology use in e-learning,
however, they need to be informed in the use of other collaborative learning tools
embedded in a digital higher education institution. This major obstacle in this region of
Africa would be minimised through the approach of a West African Digital University.
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