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Abstract
As Information and Communication Technology (ICT) infrastructure has rapidly become commonplace in most countries 
worldwide, the development of ICT-related competence is now considered to be a key goal in Taiwan’s curriculum. Nowa-
days, society expects undergraduates to develop essential computer abilities before entering the workplace. In addition to 
possessing computing skills, students are also required to have problem-solving ability and teamwork competency. To equip 
students to meet these expectations, the researchers integrated two teaching approaches, using content-based knowledge 
awareness (CoKA) and team learning (TL) to enhance students’ programming skills in an online computing course, and to 
reduce students’ anxiety and regulate cognitive load in the cloud classroom involved in this study. In this research, the authors 
conducted a quasi-experiment to examine the influences of CoKA and TL. Therefore, the design for the experiment was a 2 
(CoKA vs. non-CoKA) × 2 (TL vs. non-TL) factorial pretest/posttest design. There were 184 participants, who were neither 
information nor computer majors, from four classes, enrolled in a required course titled ‘Programming Design’. The first class 
(G1) simultaneously received the online CoKA and TL intervention, the second class (G2) received only the online CoKA 
intervention, and the third class (G3) received only the online TL intervention; these served as the experimental groups, while 
the last class (G4), which received a traditional teaching approach, served as the control group. According to the results, 
students who received online TL had significant increase in their computing skills, and significant decrease in their level 
of anxiety and cognitive load. However, the expected effects of CoKA on developing students’ skills in designing mobile 
applications, reducing anxiety level and regulating cognitive load were not found. The design of integrating CoKA and TL 
in an online course could be a reference for educators when conducting online, flipped, or blended courses, particularly for 
those focusing on developing skills in computer programming.
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1 Introduction

Recently, research reports that college enrollments in 
the USA have been declining, while the enrollments in 
online programs and courses have been increasing [46, 
70]. Online learning revolutionizes how people learn due 
to its attributes of availability regardless of time and place, 
easy access through the Internet, and freedom for learners 
to choose contents and pace in learning [15]. The use of 
technologies has changed students’ expectations, stimu-
lated their thinking and re-engineered approaches to teach-
ing and learning [26]. However, as each student has their 
own individual characteristics, they behave differently 
in learning [33, 97]. In order to use technology success-
fully and effectively in one’s teaching approach, teachers 
need to be able to ‘fit’ pedagogy, content and technology 
together [40].

With the recent advancements in computer applica-
tions and Internet technologies, students have to learn dif-
ferent kinds of programming languages so that they can 
deal with problems encountered [10, 16]. However, many 
undergraduate students are unsuccessful in these important 
programming courses [66], feeling anxious and struggling 
with cognitive load while learning programming [75]. 
Feeling such high anxiety may hinder students’ learning 
performance [11]. Thus, the researchers attempted to adopt 
and integrate innovative learning strategies to facilitate 
students in building their programming skills, while aid-
ing them to counteract their anxiety and regulate cognitive 
load.

In this study, the researchers designed an online com-
puting course according to students’ needs for program-
ming skills and to help them develop essential computer 
competence before entering the workforce. Moreover, the 
researchers also considered and reflected on their previous 
studies in order to apply appropriate teaching approaches 
for students.

1.1  Adoption of content‑based knowledge 
awareness

Computer science is a distinctive subject in the school 
curriculum, with its own curriculum documents defin-
ing the skills students will learn and the knowledge they 
will acquire by studying this subject [35]. Different from 
some other courses, a computer course requires a more 
comprehensive approach to design and develop the course 
modules, and each course module is comprised of multiple 
learning components [2, 92, 107]. However, computing 
education in Taiwan may not be as practical as educators 
might expect [102]. It is also revealed that just because 

students understand how to operate software does not nec-
essarily mean that they can apply it in correspondence 
with practical situations [42]. Educators have also indi-
cated that if a computer course merely repeats operations 
without nurturing students’ ability in deciphering prob-
lems, this may result in poor problem-solving capability 
after joining the workforce [120]. Hence, gaining knowl-
edge and obtaining available information, plus developing 
the competence to utilize software in solving problems 
are all important for students [9], so teachers have to pro-
vide learners with higher-order thinking learning activities 
[42].

To provide effective teaching in a computing course and 
improve students’ computing skills in programming, con-
tent-based knowledge awareness (CoKA) may be one of the 
potential approaches. CoKA is a paradigm that leads to the 
team members themselves generating the to-be-exchanged 
representations of learners’ task-relevant knowledge con-
tent and information structures [31, 51, 52]. It is found that 
students’ collaboration through structuring and improving 
interaction within CoKA teams leads to better results than 
for those who did not participate in CoKA teams [31],this 
interaction also directly promotes collaborative learning out-
comes [28, 52]. Moreover, it is revealed that online learn-
ing technologies and environments are becoming of great 
interest as a result of improvements in learning management 
systems and are often applied for developing students’ pro-
gramming skills [14]. Thus, the researchers adopted CoKA 
in an online computing course to develop students’ program-
ming skills, relieve their anxiety and regulate cognitive load 
in a cloud classroom.

1.2  The need for team learning

Over the years, it is increasingly expected that students 
should not just reproduce the learned discipline-specific 
skills and knowledge that form the core of college courses 
[3, 76]. Concurrently, employers have expressed issues such 
as the absence of fundamental employability skills and team-
work abilities in undergraduates [39]. As we know, interac-
tion, such as in teamwork, is an important factor for learn-
ing. Some research results indicate that successful learning 
is determined by learners’ participation, engagement, and 
social interaction [59].

Nevertheless, the deployment of information technol-
ogy in schools has faced many barriers [18]. Students in 
an online learning environment, especially in a computing 
course, may feel isolated [99]. In addition, it is mentioned 
that teamwork competency is one of the critical factors to 
success for career programmers [73], as well as the norm 
for the development of many information systems projects 
[112]. For example, in McLoughlin’s (2002) study, both pro-
gramming skills and teamwork competency are regarded as 
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learning outcomes. In order to enhance students’ interac-
tions and develop their teamwork abilities, team learning 
(TL) was adopted and its effects on students’ learning were 
explored in this research. TL plays an important role as an 
essential component of students’ learning [77]. One learning 
team can persistently enhance other learning teams through 
instilling knowledge, information and skills [82]. TL has 
now become one of the important topics in extant litera-
ture, which highlights its significance in enhancing learning 
performance, gaining knowledge, and sustaining students’ 
competitive advantage [5, 27, 41, 57]. When learners par-
ticipate in a team, they can assess and reflect on previous 
participation experiences and explain the outcomes through 
discussion with team members [77]. However, there is little 
documented about adopting TL in the education domain [5], 
particularly for computing education. Thus, the researchers 
in this study adopted TL to develop students’ programming 
skills, reduce anxiety and regulate cognitive load in a cloud 
classroom.

Learning programming is a task with a high level of 
cognitive load, as students have to practice repeatedly, and 
study hard to acquire great programming skills [62, 110]. 
When designing programming education, it is necessary to 
take cognitive load into account [61]. Providing support to 
students is one way to promote their participation rate and 
relieve cognitive load [119]. Students’ cognitive load can 
be considered as a key factor affecting their programming 
performance [110]. Modifying the learning material may 
alleviate both pressure and anxiety [75]. In this regard, the 
authors integrated CoKA and TL with educational technolo-
gies to ease students’ anxiety and regulate cognitive load as 
they develop their programming skills.

2  Literature review

2.1  Content‑based knowledge awareness

The use of CoKA in modern online education is highly 
emphasized [50]. CoKA is derived from the literature based 
on common mental models, shared ground, and transac-
tive memory systems [19]. It is also called Knowledge and 
Information Awareness paradigm [29], and focuses on the 
presentation of content that is easily extractable and helpful 
for efficient group performance [28]. CoKA has been estab-
lished as a positive teaching approach that can be adopted to 
improve knowledge exchange for learning tasks to be accom-
plished and as the underlying construct of new knowledge 
[51]. Collaborators can grasp the knowledge held by each 
teammate and easily explore possible links between learners’ 
respective pieces of knowledge [52].

In the computer science domain, knowledge awareness is 
regarded as applied information about activities related to 
learning resources, and can serve as individually-held back-
ground information which facilitates team members to coor-
dinate a collaborative task [28]. The presence of CoKA in a 
learning environment may moderate the effects of different 
knowledge distributions, especially in online learning teams, 
because there are few other ways to estimate teammates’ 
knowledge [52]. When in the CoKA paradigm, each team 
member in transient online collaboration teams submits a 
(visual) depiction of the entirety of the task-relevant knowl-
edge content that they had at the time of initial collaboration 
[51]. Moreover, CoKA also deals with the issues inherent 
in direct group interactions and computer-mediated tasks 
[31]. Students who receive CoKA can immediately observe 
the distribution of knowledge within the team and sense its 
symmetry or asymmetry [52]. That is, from the outset of 
the collaboration each individual teammate can perceive the 
knowledge awareness that is provided by each of the other 
teammates [51].

According to past studies, the advantages of CoKA are 
that it could improve students’ learning performance in the 
designated learning tasks [29], as well as promote them to 
share, and interact cognitively over the particular informa-
tion [30]. As for the effects of CoKA on students’ learn-
ing performance, it is revealed that participants in CoKA 
teams outperform those who have access to the whole of 
the team’s knowledge [51]. When collaborating through 
CoKA, students are more effective at solving their learning 
tasks, understanding the teaching materials, and are able to 
remind one another which teammate holds which piece of 
knowledge [29, 51, 80]. Therefore, CoKA was implemented 
in our re-designed computing course in a cloud classroom, 
and this research examined its effects on enhancing students’ 
learning.

2.2  Team learning

In higher education, unlike under other contexts, teams 
work in a different fashion; for instance, academic teams 
are formed internally in, or external to, the specific con-
text [5]. The definition of TL is a process of aligning and 
developing the capacity of a team to achieve the goals that 
members share [82], and TL can improve their operating 
efficiency, or alter their decisions and performances [5]. It 
is revealed that TL is a complex social phenomenon which 
develops over time [56]. It is an active behavioral process 
of dialoging, sharing, discussion and exchange among team 
members [53].

Many studies indicate that TL has a beneficial influ-
ence on team adaptation and team performance by lead-
ing learners to ask questions, discuss, and seek feed-
back, which means team members can evaluate their 
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assumptions about the way in which they do something, 
discuss divergent opinions, and then obtain better perfor-
mance [25, 77, 78]. When implementing TL, the benefits 
of knowledge sharing provide an association of the level 
of the individual, where the knowledge resides, with dif-
ferent levels of the team, so competitive value is generated 
and sustained. This has been widely studied, especially in 
how knowledge sharing can be aided by technology [5].

Integrating online technologies with the TL approach 
can assist students in progressing on extensive tasks and 
learning together [114]. It is indicated that a context of 
TL can activate learners with a high individual learning 
orientation to exhibit more individual learning behavior 
[41]. In addition, Decuyper [22] categorize TL outcomes 
by indicating how they adapt to learning environments, 
create and collect new knowledge, or apply new ideas to 
focus on team activities, procedures and goals [106]. Stu-
dents learning together in a team can perform at a level of 
collective intelligence that is better than any individual’s. 
[5]. Furthermore, it is also reported that TL could be effec-
tive in reducing students’ anxiety [32]. Therefore, in the 
present study, the researchers adopted TL to develop stu-
dents’ programming skills, reduce their anxiety and regu-
late cognitive load in the online computing course and 
cloud classroom used.

2.3  Students’ programming skills

Society is becoming increasingly aware of the importance 
of providing computing courses through appropriate teach-
ing methods in universities [103]. At almost each level 
of education in Taiwan, computing education is particu-
larly highlighted. It is observed that even undergraduates 
in departments of Applied English or Law have to take 
several compulsory computing courses before graduation 
[17, 98].

Computer programming is regarded as a critical compe-
tence for the development of problem-solving skills [45]. 
As a professional subject, computer programming integrates 
problem-solving strategies with programming logic activi-
ties, and poses challenges for students [110]. Programming 
skills are regarded as an integral part of computational think-
ing [23, 58], and can find their way into the frameworks of 
digital literacy [79, 83]. Some programming languages may 
require users or learners to write code correctly and gram-
matically according to exact rules [10]. Thus, the research-
ers regarded students’ programming skills as their ability 
to develop a complete mobile application with purposive 
functions, in which the programming is written correctly 
and grammatically. Based on this, the outcomes of online 
CoKA and TL on developing students’ programming skills 
were examined.

2.4  Anxiety

Anxiety is defined as a feeling of worry, fear, and tension or 
uncomfortable awareness that something undesirable is about 
to occur [36, 60, 89]. Anxiety is a part of educational settings, 
especially when learner’s performance or competence is evalu-
ated [72]. When students perceive that their cognitive or learn-
ing motivation is overwhelmed by the demanding academic 
situation, anxiety symptoms appear [37, 71, 84].

Previous studies have revealed that a proper level of anxi-
ety can facilitate student learning; however, an anxiety over-
load can lead to negative effects [90, 91, 108]. Many previous 
studies and education theories have been devoted to exploring 
the negative relationship between learner anxiety and learn-
ing performance [7, 65, 81, 116]. Furthermore, it is reported 
that the higher anxiety students feel, the more their learning 
performance in computer programming design courses may be 
hindered [11]. In this regard, the researchers adopted CoKA 
and TL to help reduce students’ anxiety while they develop 
their programming skills in a cloud classroom.

2.5  Cognitive load

Cognitive Load Theory (CLT) was initially developed during 
the 1980s [93], and it comprises diverse constructs that stand 
for the load on the specific learner’s cognitive system that per-
forming a specific task elicits [68]. From the perspective of 
cognitive theories, cognitive load has been recognized as an 
important factor in successful and efficient learning [49]. Cog-
nitive load affects the understanding of expertise development 
and education, so many researchers are dedicated to exploring 
this issue [95].

Nevertheless, high cognitive load commonly results in 
adverse effect on learning [69]. Furthermore, extraneous cog-
nitive load can negatively affect cognitive processes that lead 
to learning in e-learning environments [55]. It is also pointed 
out that an increase in cognitive load results in a negative effect 
on perceived efficiency [20]. When novice learners partici-
pate in a computer programming course, they may experience 
cognitive load at varying levels of magnitude that, at some 
point, may negatively affect the online learner’s performance 
and ability to learn programming concepts and theories [87]. 
Therefore, the researchers integrated CoKA and TL in a com-
puting course to help students counteract heavy cognitive load 
in a cloud classroom.

3  Empirical study

3.1  Course setting

Curriculum design is interwoven with pedagogy [35]. 
The course involved in this study was a semester-long, 



561Universal Access in the Information Society (2022) 21:557–572 

1 3

two-credit-hour course titled ‘Programming Design’, 
addressed to first-year undergraduates at a comprehensive 
university in Taiwan. This course focused on developing 
students’ skills of designing mobile applications with App 
Inventor. At the introductory stage, the teacher acquainted 
students with the syntaxes and basic functions of App 
Inventor. Then, the teacher applied the approach of CoKA 
described in subsection ‘3.3.1. Intervention of content-based 
knowledge awareness’, as well as the strategies of TL intro-
duced in subsection ‘3.3.2. Intervention of team learning’ 
for the experimental groups. Beginning in the 16th week 
of the semester, students started to present their mobile 
applications.

3.2  Participants

The participants were 184 undergraduates from non-infor-
mation, non-computer departments taking a required course 
titled ‘Programming Design’ for two hours a week. The 

mean age of participants was 18.63 years old. The gender 
breakdown was 77 males and 107 females. All contents of 
the four classes involved were administered by the same 
teacher. The experimental design of the four groups, the 
CoKA and TL class (G1, n = 53), the CoKA and non-TL 
class (G2, n = 40), the non-CoKA and TL class (G3, n = 41), 
and the non-CoKA and non-TL class (G4, control group, 
n = 50) is shown in Fig. 1.

Before the online computing course began, the teacher 
declared that this course would be provided through both 
the Internet and the classroom, and all students in the four 
class cohorts (groups) would receive teacher’s interventions 
of a different combination of teaching methods in an experi-
ment. Moreover, it was also announced by the teacher that 
participants in the four classes had the freedom and right to 
drop and select another teacher’s course if they did not want 
to be part of this experiment.

3.3  Experimental design and procedure

The experimental design was a 2 (CoKA vs. non-CoKA) × 2 
(TL vs. non-TL) factorial pretest/posttest quasi-experiment. 
As the involved course in this research is a compulsory 
one, participants studied with their original class cohorts. 
The teacher could not randomly assign students to groups. 
Although the teacher conducted pretests of students’ pro-
gramming skills, anxiety, and cognitive load before the 
experiment began, the pretest performances were not con-
sidered in grouping students. The researchers selected three 
of the classes as the experimental groups, while the fourth 
class served as the control group. The first class (G1) that 
simultaneously received the intervention of online CoKA 
and TL, the second class (G2) that received the intervention 
of online CoKA only, and the third class (G3) that received 
the intervention of online TL only, were the experimental 
groups, while the non-CoKA and non-TL group (G4), that 

CoKA       non-CoKA

TL

non-TL

Group G1 Group G3

Group G2 Group G4

Fig. 1  Experimental design of the study

Fig. 2  Schedule of the course 
and measurements during the 
semester

Week 2: 
Students from 
experimental 
groups received 
CoKA and/or 
TL instruction.

Week 16:
Students 
began to 
present their 
mobile 
applications.

Programming Design

(App Inventor)

Week 1:
All students 
were pre-
tested and 
completed 
the first 
questionnaire 
as pretest.

Week 8: 
Students 
started to 
plan and 
design their 
mobile 
applications.

Week 17:
The second 
questionnaire 
for post-test 
was 
administered to 
all students.
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served as the control group, received traditional teaching. 
The course schedule is illustrated in Fig. 2.

3.3.1  Intervention of content‑based knowledge awareness

A growing amount of research shows that CoKA is a sig-
nificant determinant of learning [51]. Digital concept maps 
have been frequently used to foster CoKA [29, 52, 64]. After 
learners get familiar with the assigned concept map, each 
member becomes an expert on their respective part of the 
team’s knowledge; then members are instructed to contribute 
their knowledge so that a problem can be solved collabora-
tively [31]. Therefore, students should be given a concept 
map standing for their fractional knowledge on the specified 
topic, which means they have to combine their own concept 
maps with those of their partners, and then solve the desig-
nated learning tasks [51].

To conduct CoKA in G1 and G2, the researchers divided 
students into teams, where each team had four to six mem-
bers. Computer-supported students were asked to solve 
problems using an online system so that they could use the 
system or an online chat app (e.g., LINE, WeChat, or Skype) 
for fostering knowledge and information awareness [29, 80]. 
The researchers and teacher in this study adopted and fol-
lowed the suggestions by Engelmann et al. [31] in develop-
ing a CoKA environment. More specifically, the CoKA envi-
ronment in this study was carried out in the following ways:

1. At the beginning of the course, the teacher presented 
the syntaxes and basic functions of App Inventor, and 
informed students about the types of tasks they were 
about to learn;

2. Students were divided into teams, and were given insight 
into the entirety of other members’ task-related knowl-
edge content at the outset of their collaboration;

3. The teacher followed the syllabus to teach, and a con-
cept map depicting a part of their team’s knowledge was 
shown to each student;

4. After recognizing the assigned concept map, students 
became experts on their respective parts of the team’s 
knowledge; team members were asked to combine their 
knowledge with that of others to solve the learning prob-
lems;

5. During this course, all students were required to dis-
cuss the task types and share how to solve these learning 
tasks with their team members by using Moodle dis-
cussion forum or by teams in an online chat app (e.g., 
LINE).

3.3.2  Intervention of team learning

When adopting the TL approach, teachers can monitor, 
provide guidance, and evaluate teams while members work 

jointly with each other to finish the learning tasks via online 
tools in an extramural setting [105]. For the implementation 
of TL in this study, students from G1 and G3 were encour-
aged to share and exchange information, explore different 
perspectives, and then integrate the new findings with previ-
ous information and proactively form new strategies to elim-
inate the obstacles [77]. Moreover, as mutual understanding 
about the temporal aspects of work is an essential element 
to facilitate the TL process [77], students were expected to 
meet certain deadlines.

In this study, the researchers randomly divided students 
from G1 and G3 into teams. As it is suggested that setting 
deadlines is crucial for team members to plan and make sure 
that teams are capable of accomplishing the tasks assigned 
[77], the researchers asked each team to set up a timeline to 
finish each assignment. In addition, the following six pro-
cesses were incorporated when implementing TL (Decuyper, 
Dochy & Van den Bossche, 2010; [106]:

1. Sharing: Students from different backgrounds have var-
ied knowledge and skill domains. That is, students were 
encouraged to share their ideas and thoughts, so that 
team members could deliver their opinions to each other;

2. Co-construction: Students were asked to interact with 
team member, and then engage in recurring cycles of 
acknowledging, repeating, illustrating, questioning, 
converging, and achieving shared knowledge, abilities, 
strategies or creative thoughts;

3. Constructive conflict: This could be regarded as a nego-
tiation or dialogue because students may have different 
perspectives or debate that can facilitate them to com-
municate and discuss;

4. Team reflexivity: During the TL approach, the instruc-
tor needed to develop a planning table to understand 
members’ learning processes;

5. Storage: The ideas and plans members proposed were 
saved in the software and/or the hardware, or shared 
forum of the Web site and cloud classroom of the team;

6. Retrieval: Members could retrieve information and save 
for future use or later inspection.

3.3.3  Intervention for control group (G4)

In this research, students in the control group also received 
the same learning materials, class hours, practice time, and 
assignments as those in G1, G2, and G3, however, without 
the interventions of CoKA or TL. The teaching in control 
group featured traditional lectures on basic syntaxes of App 
Inventor, and required students to complete the applications 
with expected functions. Students in the control group had 
neither to implement CoKA nor adopt the six processes of 
TL.
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3.4  Measurement

3.4.1  Pretests of students’ computing skills, anxiety, 
and cognitive load

3.4.1.1 Programming skills In this programming course, 
the researchers took students’ learned programming skills 
as their learning performance. To test whether the interven-
tion was effective or not, the researchers checked whether 
students had ever learned how to write computer program 
code or had the experience of programming before they 
entered this course. This aimed to reduce the potential threat 
of students’ initial differences that may undermine measure-
ment. Hence, in the first week of the semester, students from 
all four groups were asked to complete two simple mobile 
applications as a pretest. The pretest questions of program-
ming skills were chosen from an examination that is admin-
istered by the Computer Skills Foundation, and mainly 
tested if students in the four groups had similar levels of 
programming skills before they received the intervention of 
CoKA or TL.

3.4.1.2 Anxiety All students were asked to complete a 
questionnaire as a pretest in the first week of the semester 
to comprehend their anxiety. The State Trait Anxiety Inven-
tory (STAI), developed by Spielberger [86], contains 20 
items for assessing state anxiety (STAI-S) and 20 for trait 
anxiety (STAI-T). STAI-S measures how the person feels at 
that moment, and STAI-T measures how the person gener-
ally feels. The researchers used STAI scale to explore how 
students’ felt prior to the learning process. The participants 
were asked to score items using a 4-point response scale 
(1 = strongly disagree, 4 = strongly agree). A total score 
was calculated by summing up the value for each statement 
and calculating the arithmetic mean. On this scale, a higher 
score means a higher state of anxiety.

3.4.1.3 Cognitive load The measurement of students’ cog-
nitive load in the pretest could confirm if students have simi-
lar levels of cognitive load in this computing course before 
the experiment began. In the context of this study, the cog-
nitive load questionnaire developed by Hwang, Yang and 
Wang [43] was adopted, which was based on the measures 
of Paas [67] and Sweller, van Merriënboer, and Paas [94]. 
The questionnaire consists of eight items with a six-point 
Likert rating scheme, which can be divided into two parts, 
with five items for “mental load” (ML) and three items for 
“mental effort” (ME). All participants in this study were 
required to complete this pretest of cognitive load.

After the pretests were completed, the authors tested 
if differences exist of students’ anxiety (STAI-S & STAI-
T), and cognitive load (ML + ME) among G1, G2, G3 and 
G4. Based on a one-way ANOVA of pretest results, the 

differences of students’ anxiety and cognitive load among 
G1, G2, G3 and G4 are not statistically significant. Fur-
thermore, based on checking which students had previous 
learning experience in designing mobile applications, stu-
dents who were already acquainted with mobile application 
design software were excluded from the experimental sam-
ple, although they still remained in this course. Based on 
the pretest analysis and teacher’s confirmation, the authors 
in confirmed that the participants had similar levels of 
regarding anxiety, cognitive load, and computing skills in 
designing mobile applications when the study was initiated. 
Therefore, the hidden concerns of initial variance among 
students are minimized.

3.4.2  Posttests of students’ programming skills, anxiety, 
and cognitive load

3.4.2.1 Programming skills In the 16th week of the semes-
ter, students began to present the mobile applications they 
designed. The teacher mainly graded according to Mobile 
App Rating Scale (MARS), which is an unbiased and depend-
able rubric for evaluating the quality of mobile applications, 
developed by Stoyanov et al. [88]. The criteria include the 
functionality, aesthetics, information quality, engagement, 
and subjective quality. The more functional and complete 
mobile applications were, the higher the scores students got. 
That is, students could receive high scores if their designed 
mobile application fit the definition of quality mobile appli-
cations well. The teacher reviewed and commented on 
both students’ presentations and the mobile applications 
they designed. The teacher graded students’ performances 
on oral presentations and system demonstration according 
to the rubric mentioned above. Students on the same team 
received the same grade from the rubric. However, their 
individual grades may have varied according to the qual-
ity of her/his presentation and the ability to improvise when 
asked questions or challenged.

3.4.2.2 Anxiety All students were required to complete the 
STAI questionnaire twice for evaluating their anxiety. As 
mentioned, the first administration was in the first week as 
the pretest, and the second was in the seventeenth week for 
the posttest. After the posttest, the difference of students’ 
anxiety among the four groups was analyzed. Moreover, the 
change in students’ anxiety from start to finish of the semes-
ter was also analyzed.

Cronbach α test was used to check if the items are cor-
related with each other. The results displayed good inter-
nal consistency with Cronbach’s α = 0.944 in STAI-S and 
α = 0.914 in STAI-T; therefore, the researchers could be sure 
that items have shared covariance and probably measure the 
same underlying concept.
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3.4.2.3 Cognitive load The students completed the cog-
nitive load questionnaire developed by Hwang, Yang and 
Wang [43] in the seventeenth week for the posttest. The 
difference of students’ cognitive load in this programming 
course and cloud classroom among the four groups was 
analyzed. Furthermore, the change in students’ cognitive 
load from the beginning to the end of the semester was also 
investigated and reported.

For the overall reliability, Cronbach α test was also 
adopted in this section. The results reveal that Cronbach’s 
α = 0.970 in cognitive load, meaning the items have shared 
covariance (α > 0.8); therefore, measurement can be con-
sidered reliable.

3.5  Cloud classroom used

In this study, the researchers and teacher provided a cloud 
classroom for students’ learning. In addition to the course 
Web site (Moodle), students could also log on to the cloud 
classroom developed by the university to use the learn-
ing material or software they need. Personal computer, 
tablet PC, or WebPad can be used to access this feature 
and students could practice the learned programming skills 
after class. They could also use the necessary software and 
materials in this cloud classroom if they did not own their 
own copies (see Fig. 3).

4  Results

4.1  Effects of online content‑based knowledge 
awareness

The independent samples t-test was used in this study 
to analyze and compare students’ computing skills 
(grades), anxiety (STAI-S & STAI-T), and cognitive load 
(ML + ME) between CoKA group (G1 and G2) and non-
CoKA group (G3 and G4) in a mobile application design-
ing course. The results in Table 1 indicate no significant 
difference (p = 0.061 > 0.05) in grades of CoKA students’ 
computing skills for designing mobile application (81.58) 
compared with those in non-CoKA group (78.95). That 
is, the intervention of online CoKA did not contribute to 
students’ development of computing skills for designing 
a mobile application. As the posttest results of anxiety 
and cognitive load were also not significant (p > 0.05), 
the expected effects of CoKA on improving students’ pro-
gramming skills, reducing their anxiety, and regulating 
cognitive load were not found in this study.

4.2  Effects of online team learning

As for the TL group (G1 and G3) and non-TL group (G2 
and G4), the results of independent t-test are shown in 
Table 2. These indicate significant difference in grades of 

Fig. 3  System interface of the cloud classroom
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TL students’ computing skills for designing a mobile appli-
cation (83.18) compared with those in non-TL group (77.24) 
(p < 0.05). This suggests that the implementation of online 
TL had positive effects on improving students’ development 
of computing skills for designing a mobile application. The 
difference of anxiety and cognitive load between the TL 
group and non-TL group were also significant (p < 0.05). 
That is, students’ adoption of online TL could be helpful to 
improve students’ programming skills, reduce their anxiety, 
and regulate cognitive load in the learning process.

4.3  Combined effects of online content‑based 
knowledge awareness and team learning

In order to investigate the effects of online CoKA and 
TL on students’ learning effects, a one-way ANOVA was 
applied to analyze students’ computing skills for designing 
mobile applications (grades), anxiety, and cognitive load 
under the four conditions (groups). The data in Table 3 
reveals that learners in G1, who received the intervention 
of online CoKA and TL, exhibited significantly better com-
puting skills than those of G2 (receiving CoKA & non-TL 
teaching methods) and G4 (receiving traditional teaching 
methods), with a significance of p = 0.00032 < 0.05 and 
p = 0.00055 < 0.05, respectively. In addition, when com-
paring G1 with G4, the combined effects of CoKA and TL 
could also be found in the cognitive load, with a significance 
of p = 0.03066 < 0.05, meaning these methods may help 
regulate learners’ cognitive load. Thus, it is believed that 

the combined effects of online CoKA and TL on students’ 
skills for designing a mobile application and cognitive load 
are positive, and higher than for those who received the tra-
ditional teaching method.

5  Discussion and implications

As the way universities prepare graduates for their future 
professional lives is changing, it is important to fully uti-
lize the affordances of technology, and focus on innovative 
teaching methods at college level [48]. Despite the benefits 
of Web technologies already being confirmed [12, 13, 117], 
students still report being dissatisfied with their learning 
conditions [12, 13, 85]. Succeeding in online learning envi-
ronments is dependent upon many elements [1]. Therefore, 
new teaching approaches, strategies in learning and inno-
vative tools are necessary to improve the development of 
practical knowledge, skills and specific competencies in stu-
dents [8]. This research is expected to provide insights and 
references for educators and designers of computing edu-
cation and online pedagogy. In this regard, the researchers 
reflected on their previous teaching in computing courses, 
designed appropriate teaching methods of CoKA and TL for 
this course, and explored the effects of these on enhancing 
students’ programming skills, reducing anxiety, and regulat-
ing cognitive load in this online course and cloud classroom.

Table 1  Comparison of computing skills (grades), anxiety (STAI-S & STAI-T), and cognitive load (ML + ME) in CoKA group (G1 & G2) and 
non- CoKA group (G3 & G4)

Group

Dependent variable CoKA non-CoKA t df Sig. (two-tailed)

N M SD SE n M SD SE

Computing skills 93 81.58 9.125 0.946 91 78.95 9.818 1.029 1.887 182 0.061
Anxiety (STAI-S) 93 1.9892 0.5325 0.0552 91 2.0538 0.5114 0.0536 -0.839 182 0.403
Anxiety (STAI-T) 93 2.1328 0.5084 0.0527 91 2.2060 0.5007 0.0525 -0.984 182 0.326
Cognitive load 93 3.1519 1.1723 0.1216 91 3.3324 1.0615 0.1113 -1.094 182 0.275

Table 2  Comparison of computing skills (Grades), Anxiety (STAI-S & STAI-T), and Cognitive Load (ML + ME) in TL group (G1 & G3) and 
non-TL group (G2 & G4)

Group

Dependent variable TL non-TL t df Sig. (two-tailed)

n M SD SE n M SD SE

Computing skills 94 83.18 10.199 1.052 90 77.24 7.761 0.818 4.429 182 0.000
Anxiety (STAI-S) 94 1.9298 0.5602 0.0578 90 2.1167 0.4625 0.0487 -0.839 178 0.014
Anxiety (STAI-T) 94 2.0878 0.5741 0.0592 90 2.2539 0.4060 0.0428 -0.984 168 0.024
Cognitive load 94 2.9734 1.1598 0.1196 90 3.5208 1.0083 0.1063 -1.094 180 0.001
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Table 3  One-way ANOVA: 
Posttest of students’ Computing 
Skills, Anxiety (STAI-S & 
STAI-T), and Cognitive Load 
(ML + ME)

Dependent variable Group(I) Group(J) Mean differ-
ence (I-J)f

Std. error Sig F p

Computing Skills G1 G2 8.34481 1.88251 0.00032 8.721 0.000
G3 4.56006 1.86938 0.11809
G4 7.58981 1.77198 0.00055

G2 G1 -8.34481 1.88251 0.00032
G3 -3.78476 1.99749 0.31248
G4 -0.75500 1.90665 0.98419

G3 G1 -4.56006 1.86938 0.11809
G2 3.78476 1.99749 0.31248
G4 3.02976 1.89368 0.46654

G4 G1 -7.58981 1.77198 0.00055
G2 0.75500 1.90665 0.98419
G3 -3.02976 1.89368 0.46654

Anxiety
(STAI-S)

G1 G2 -0.14389 0.10823 0.62287 2.191 0.091
G3 -0.00557 0.10748 0.99996
G4 -0.22564 0.10188 0.18288

G2 G1 0.14389 0.10823 0.62287
G3 0.13832 0.11484 0.69412
G4 -0.08175 0.10962 0.90624

G3 G1 0.00557 0.10748 0.99996
G2 -0.13832 0.11484 0.69412
G4 -0.22007 0.10888 0.25599

G4 G1 0.22564 0.10188 0.18288
G2 0.08175 0.10962 0.90624
G3 0.22007 0.10888 0.25599

Anxiety
(STAI-T)

G1 G2 -0.08064 0.10461 0.89762 2.256 0.083
G3 0.02372 0.10388 0.99687
G4 -0.21589 0.09847 0.19051

G2 G1 0.08064 0.10461 0.89762
G3 0.10436 0.11100 0.82924
G4 -0.13525 0.10595 0.65337

G3 G1 -0.02372 0.10388 0.99687
G2 -0.10436 0.11100 0.82924
G4 -0.23961 0.10523 0.16285

G4 G1 0.21589 0.09847 0.19051
G2 0.13525 0.10595 0.65337
G3 0.23961 0.10523 0.16285

Cognitive load
(ML + ME)

G1 G2 -0.55601 0.22887 0.12052 4.026 0.008
G3 -0.13909 0.22727 0.94531
G4 -0.64976 0.21543 0.03066

G2 G1 0.55601 0.22887 0.12052
G3 0.41692 0.24284 0.40227
G4 -0.09375 0.23180 0.98319

G3 G1 0.13909 0.22727 0.94531
G2 -0.41692 0.24284 0.40227
G4 -0.51067 0.23022 0.18175

G4 G1 0.64976 0.21543 0.03066
G2 0.09375 0.23180 0.98319
G3 0.51067 0.23022 0.18175
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5.1  Effects of online content‑based knowledge 
awareness

With the rapid growth in educational technologies, peda-
gogical applications have gradually changed from the con-
ventional teaching model to those executed in Web-based 
learning environments [96]. According to previous research 
[29, 52], CoKA could be more effective in online education 
and be more competitive than traditional learning methods. 
Thus, the authors were encouraged to integrate CoKA in an 
online computing course to boost students’ learning outcome 
and to see if this method could ease students’ anxiety and 
regulate cognitive load as they develop their programming 
skills.

However, the data in Table 1 indicates that there is no 
significant difference in grades, anxiety, and cognitive load 
between the CoKA and non-CoKA groups. Although the 
anticipated effects of the online CoKA method on develop-
ing students’ computing skills, easing anxiety, and reduc-
ing cognitive load were not exhibited in this research, the 
non-significant differences and results may be due to the 
following potential factors. First, based on the researchers’ 
previous teaching experiences in computing courses, other 
factors may include that first-year students were not fully 
familiar with the concept map or how to generate and share 
task-relevant knowledge with group members, or they lack 
persistence in executing those designated processes while 
exploring their college life outside of class. Many students 
who grew up with traditional didactic education in Taiwan 
may not accommodate themselves well to innovative teach-
ing methods. Students who are used to didactic education 
could be unwilling or unable to take responsibility for their 
own learning [100]. The participants in this study may have 
faced difficulty in sharing and combining their knowledge 
with that of others to solve the learning problems. In the 
teaching in this course, it was found that some students did 
not adapt to CoKA and apply it well. Some of the students 
may have relied on their teammate(s) who have greater 
capacity for programming, and thus missed the opportunity 
to learn programming through designing mobile applications 
and teamwork. Second, a previous study also indicated that 
it is very hard to modify students’ learning habits or styles 
with a one-semester intervention [104]. Nevertheless, if 
teachers could adapt CoKA for first-year students from non-
computer departments for a longer period, those students 
could still have the chance to benefit from the treatment of 
CoKA and educational technologies.

5.2  Effects of online team learning

Several studies indicate that the benefits of TL employed 
in classrooms include not only improvement of team per-
formances and the advantage of knowledge sharing, but 

also positive social-emotional reactions, such as a sense 
of security and the overall experience of interacting with 
team members [111, 113, 115]. In this study, the research-
ers adopted online TL and explored its effects on improving 
students’ learning. At the end of the semester, a significant 
improvement in students’ computing skills in design-
ing mobile applications could be observed in TL group 
(p < 0.05), as well as a significant decrease in level of anxi-
ety and cognitive load, when compared with non-TL group 
(see Table 2).

Some existing studies show support regarding TL as a 
factor for improving students’ performances in the classroom 
[6, 44]. As for TL in regulating anxiety and cognitive load, 
similar positive effects can be found in other research, such 
as the study by Myers, Sateia, and Desai [63], which investi-
gates the use of TL method and its association with reduced 
burnout among medical residents. A study by Eren-Sisman, 
Cigdemoglu, and Geban [32] also shows that TL could help 
palliate students’ anxiety in a STEM class setting. The appli-
cation of TL can facilitate students’ interaction and sharing 
among the teams, and regulate their anxiety and cognitive 
load when learning programming in an online environment, 
and further lead to better learning performance. Therefore, 
the researchers suggest that teachers could consider employ-
ing TL in their online or blended courses to assist their stu-
dents in achieving better learning performance.

5.3  Combined effects of online content‑based 
knowledge awareness and team learning

The authors also investigated the combined effects of CoKA 
and TL on students’ learning effects in an online comput-
ing course. The results obtained from this research indicate 
that students who received both online CoKA and TL (G1) 
had significantly better development of their computing 
skills and a relatively more regulated cognitive load than 
those who received traditional teaching method (G4). It is 
revealed that knowledge awareness is critical for the success 
of collaboration [24, 118]. CoKA could be a reliable way of 
enhancing knowledge exchange within collaborating online 
groups in the technology-supported collaborative learn-
ing domain [51]. Thus, it is believed that the application of 
CoKA may facilitate students’ collaboration and teamwork, 
help students accommodate themselves to the situation of 
TL, and further lead to better development of computing 
skills and regulated cognitive load.

Although the sole treatment of online CoKA did not con-
tribute to better performance in students’ computing skills, 
or reduced anxiety and cognitive load, as the outcomes sug-
gest, it may remain partly effective. Additionally, this study 
serves as an indication that without CoKA and TL, the tra-
ditional way of teaching programming (e.g., G4) may result 
in poor student performance, higher anxiety and cognitive 
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load. With some tailored adjustments, the study results could 
be useful to teachers who want to employ CoKA or TL in 
curriculum design, and shed some light to educators who are 
in search of innovative approaches to assist their students 
toward practical and productive learning processes.

5.4  Potential contributions from this study

In recent years, the use of technologies in students’ learning 
and their academic domain has received increased scholarly 
attention [47]. With the constant development of computer 
technologies, educators use a variety of tools to assist course 
design [4, 12, 13], and make learning more accessible to 
people. It is also indicated that computing skills and infor-
mation literacy are important issues for modern society [74, 
99, 101]. The younger generation is expected to be inno-
vative, productive, and possess fundamental skills, such as 
critical thinking, ability to decode and process information, 
embrace teamwork and collaboration, and acquire further 
skills in technology, information management and media 
literacy [121].

Given the increasing demand for college students’ com-
petence, improving the quality of computing education and 
outcomes is a priority. Thus, the researchers believe that this 
study contributes to e-learning theory in two ways. First, the 
design of online TL instructional method in this study may 
provide a reference for educators to improve students’ pro-
gramming skills and co-working skills. Secondly, this study 
may be one of the first attempts to investigate and explore 
the effects of the various combinations of CoKA, TL, and 
cloud classroom in programming courses. Based on these 
contributions, this research could provide insights for teach-
ers and researchers who want to design appropriate teaching 
methods for online courses in this domain.

5.5  Potential problems and limitations

The application of technology to support teaching and learn-
ing has been highly valued since technology can transform 
existing learning activities into more active, attractive and 
engaging processes [21, 109], which has been given prec-
edence in many countries when it comes to curriculum [54]. 
Thus, the researchers re-designed a blended computing 
course, integrated CoKA and TL with educational technolo-
gies, and investigated their effects on improving students’ 
programming skills, reducing anxiety and regulating cog-
nitive load in a cloud classroom. Certain limitations and 
problems with drawing firm conclusions may still exist, due 
to the threats to the validity of conclusions drawn through 
the quasi-experimental design.

When conducting this experiment, all of the participants 
first completed pretests to measure their computing skills, 
evaluate their anxiety and assess their cognitive load; even 

so, each student’s computer competence may not be neces-
sarily the same, and this may result in bias in the evalu-
ation. It is worth noting that some potential problems of 
experimental validity, such as the Hawthorne effect, may 
influence students’ performance. Moreover, as the experi-
ment was conducted in a required course, the teacher and 
researchers in this study could not select students for each 
group. These factors may affect and threaten the validity of 
the results. Teachers who may adopt CoKA and TL in their 
online courses should be aware of the individual differences 
and potential problems of quasi-experimental design that 
may influence the results and the claimed effects.

6  Conclusions

There is little doubt that the past 20 years have brought 
an evolution in pedagogy for higher education [38]. The 
importance of collaborative learning is being emphasized 
in recent years, and approaches based on different theories 
all contribute to this phenomenon. Students can be guided 
by educators or supported by computer programs, to work 
with teammates and share knowledge to complete learn-
ing tasks, as such methods have proven to be effective in 
many studies [34, 52]. In the quest of exploring the effects 
of CoKA and TL, the results obtained in this investigation 
show that the CoKA group did not particularly excel in com-
puter programming grades, nor did they feel more relived 
from anxiety or that their cognitive load was eased compared 
to non-CoKA group. As for TL, the analysis suggests that 
online TL performed significantly better in developing stu-
dents’ computing skills, reducing their level of anxiety and 
regulating cognitive load. The authors propose that CoKA 
and TL method could still be partly effective with further 
adjustments, therefore could serve as useful pedagogies for 
teachers who want to employ CoKA or TL in curriculum, 
particularly in computing courses.
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