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Abstract
With the development of technology and demand for online courses, there have been considerable quantities of online, 
blended, or flipped courses designed and provided. However, in the technology-enhanced learning environments, which are 
also full of social networking websites, shopping websites, and free online games, it is challenging to focus students’ atten-
tion and help them achieve satisfactory learning performance. In addition, the instruction of programming courses constantly 
challenges both teachers and students, particularly in online learning environments. To overcome and solve these problems 
and to facilitate students’ learning, the researchers in this study integrated two teaching approaches, using meta-cognitive 
learning strategy (MCLS) and team regulation (TR), to develop students’ regular learning habits and further contribute 
to their programming skills, academic motivation, and refusal self-efficacy of Internet use, in a cloud classroom. In this 
research, a quasi-experiment was conducted to investigate the effects of MCLS and TR adopting the experimental design 
of a 2 (MCLS vs. non-MCLS) × 2 (TR vs. non-TR) factorial pre-test/post-test. In this research, the participants consisted 
of four classes of university students from non-information or computer departments enrolled in programming design, a 
required course. The experimental groups comprised three of the classes, labelled as G1, G2, and G3. G1 concurrently 
received both the online MCLS and TR intervention, while G2 only received the online MCLS intervention, and G3 only 
received the online TR intervention. Serving as the control group, the fourth class (G4) received traditional teaching. This 
study investigated the effects of MCLS, TR, and their combination, on improving students’ programming skills, academic 
motivation, and refusal self-efficacy of Internet use in an online computing course. According to the results, students who 
received online TR significantly enhanced their programming design skills and their refusal self-efficacy of Internet use a 
cloud classroom. However, the expected effects of MCLS on developing students’ programming skills, academic motiva-
tion, and refusal self-efficacy of Internet use were not found in this study. The teaching strategy of integrating MCLS and 
TR in an online programming course in this study can serve as a reference for educators when conducting online, blended, 
or flipped courses during the COVID-19 pandemic.

Keywords Online meta-cognitive learning strategy · Online team regulation · Programming skills · Academic motivation · 
Refusal self-efficacy of Internet use

1 Introduction

As an interdisciplinary field, the learning sciences are 
related to psychology, cognitive science, computer science, 
education, and sociology [77], well grounded in theory and 

methodology, along with a significant amount of empirical 
research that is relevant for the development, implementa-
tion, and application of educational technologies [30, 56]. 
Existing studies indicate that many students find the learning 
of programming difficult due to its conceptual complexity, 
including algorithms, variables, arrays, loops, and functions 
in programming languages, which may further raise barri-
ers for learning programming and reduce students’ learn-
ing motivation [107]. Thus, it is necessary to include and 
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integrate innovative teaching methods with technologies to 
help students achieve better learning performance in pro-
gramming courses.

In this study, the researchers considered and designed an 
online programming course according to students’ specific 
needs for programming concepts and skills to help them 
develop essential computer competence needed in the work-
place. Thus, the researchers adopted effective and appropri-
ate online pedagogies to design a cloud classroom-based 
programming course aimed to meet students’ needs and 
programming education goals appropriately. The following 
subsections introduce these.

1.1  Adoption of meta‑cognitive learning strategy

Learning programming is considered as a difficult and chal-
lenging task for many novice programmers with high with-
drawal rates from introductory programming courses [80]. 
In addition, learning programming may result in resistance 
to learn among non-information or non-computer majors 
when their learning experiences and performances are worse 
than those of computer science majors [25]. It is reported 
that programming courses typically have a large number of 
students who fail or drop out, whether computer science 
majors or not [104]. Many students regard programming 
courses as difficult and lowly motivating [2, 3, 14, 59, 104]. 
It is mentioned that the two key reasons for students’ high 
failure rates in programming courses are teaching methods 
and curriculum organization [106]. The importance of and 
need for re-designing and re-developing introductory pro-
gramming courses is indicated by educators [25].

In this regard, the researchers in this study searched for 
an effective and practical teaching method; meta-cognitive 
learning strategy (MCLS) is selected for improving non-
computer students’ learning outcomes. MCLS involves 
active control of learning through the phases of planning, 
monitoring, and evaluating learning processes [4, 23, 66, 88, 
90], and it is noted that some educators provide or use differ-
ent names for these phases [124]. It is reported that MCLS 
is a main factor influencing students’ academic achievement 
[1, 87]. Thus, the researchers adapted MCLS in an online 
programming course and investigated its effects on develop-
ing students’ programming skills, academic motivation, and 
refusal self-efficacy of Internet use in a cloud classroom.

1.2  The need for team regulation

Environmental structuring commonly refers to the digital 
and physical environments, which may result in students’ 
distraction [121]. It is reported that the distracting nature 
of social media and technology may extremely increase 
the possibility of the mind wandering when students 
are engaged in an online learning environment [47]. For 

example, in online learning environments, it is difficult to 
help students concentrate on coursework due to the dis-
traction of social networking websites (such as Twitter 
and Facebook), online games, and shopping websites [22, 
108]. Therefore, developing and understanding students’ 
regulation of attention during learning are important fac-
tors in the age of digital distraction [119].

In this regard, the researchers adopted team regulation 
(TR), which is aimed at the coordination between team 
members [101], to develop students’ regular learning hab-
its and achieve better learning effects in an online learning 
environment. Within a team, the leader may perform the 
function of planning, such as assigning tasks to members 
or allocating roles, so that remaining team members may 
engage in monitoring activities during the process [28]. 
In such a collaborative learning environment, learners 
should manage to regulate their joint activities as well as 
their individual tasks at hand throughout the learning pro-
cess [102]. When students study in a collaborative envi-
ronment, they not only have to regulate their individual 
learning process but also deal with collaborative activities. 
For instance, when students are assigned to a team, they 
have to understand the tasks at hand and communicate 
with other team members, exchange ideas, give explana-
tions to confused members, and even negotiate about the 
designated workload [20, 102]. Therefore, the research-
ers in this study integrated TR with related educational 
technology to develop students’ regulated learning habits 
and further improve their programming skills, academic 
motivation, and refusal self-efficacy of Internet use in a 
cloud classroom.

The instruction of programming courses faces great 
challenges all over the world (Martins, de Almeida Souza 
Concilio & de Paiva Guimarães, [84]). Many educators 
have indicated that various difficulties emerge in terms of 
programming instruction [7, 39, 45, 122], including lack 
of linking theory with practical education and low motiva-
tion for learning programming [17]. The limited availabil-
ity of educational technology matched with appropriate 
teaching methods for learning programming can lead to 
students’ low motivation for learning [114]. In order to 
help students develop practical programming skills, aca-
demic motivation, and refusal self-efficacy of Internet use, 
the researchers integrated MCLS and TR with educational 
technologies and investigated their effects in this research. 
For example, students’ programming skills were measured 
based on the six success dimensions of D&M IS Success 
Model [27], and the difference between MCLS and non-
MCLS groups, or TR and non-TR groups was investigated, 
to demonstrate whether MCLS and TR could improve stu-
dents’ programming skills. The research questions (RQ) 
are listed below.
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• RQ1: Could online MCLS lead to students’ better devel-
opment in programming skills, academic motivation, and 
refusal self-efficacy of Internet use in a cloud classroom?

• RQ2: Could online TR lead to students’ better develop-
ment in programming skills, academic motivation, and 
refusal self-efficacy of Internet use in a cloud classroom?

• RQ3: Could the combined intervention of online MCLS 
and TR lead to students’ better development in program-
ming skills, academic motivation, and refusal self-effi-
cacy of Internet use in a cloud classroom?

This paper first introduces the challenges in program-
ming courses and the problems in online learning environ-
ments in Sect. 1. Related literature about the effects and 
validity of online MCLS, TR, and the dependent variables 
(programming skills, academic motivation, and refusal self-
efficacy of Internet use) are individually portrayed in Sect. 2. 
Subsequently, Sect. 3 presents the research methodology, 
the experimental design and procedure, the intervention of 
online MCLS and TR, along with how students’ program-
ming skills, academic motivation, and refusal self-efficacy of 
Internet use were evaluated. Then, Sect. 4 illustrates the test-
ing and analysis of data collected, and Sect. 5 discusses the 
findings in this study and the related literature that supports 
our research results. Finally, Sects. 6 provides the conclu-
sion and implications for educational institutions and online 
educators.

2  Literature Review

2.1  Meta‑cognitive learning strategy

The term “meta-cognitive learning strategies” (MCLS) and 
“meta-cognitive strategies” can often be seen used inter-
changeably in many studies. As Zahedi [124] mentioned, in 
the past, many scholars have developed their own theories or 
definitions surrounding the original concept of metacogni-
tion but may use different nomenclature. Overall, MCLS can 
be summarized as learners managing and thinking about the 
learning process and controlling their own cognition [23, 90, 
124]. For the purpose of this study, the definition of MCLS 
refers to a learner’s awareness of managing, controlling and 
regulating their learning as well as their thinking process 
[72], or, put more simply, “thinking about thinking” [4, 124].

Early on, the concept of meta-cognition was introduced 
by Flavell [31], who suggested it is comprised of meta-
cognitive experiences or regulation and meta-cognitive 
knowledge. In O'Malley and Chamot’s [88] opinion, meta-
cognitive strategies include three major categories: self-
planning, self-monitoring, and self-evaluating. Meta-cog-
nitive strategies allow students to organize their learning 
activities, in other words, to plan, monitor, and evaluate the 

learning process. Nowadays, these strategies are widely used 
by teachers in different subjects, including language learn-
ing, mathematics and chemistry, and in different levels of 
educational institutions [8, 51, 63, 74, 96, 127].

Summarizing from several existing studies, it is found 
that there is a positive correlation between the use of MCLS 
with students’ performance, whether it is in the reading com-
prehension field [16, 50, 126], computer-related courses, or 
other subjects [100, 127], and this effect is also observed 
in the MOOCs environment [58]. These studies show that 
deploying MCLS can lead students to better academic per-
formance. Furthermore, some studies focus on other posi-
tive effects of MCLS; for example, the findings in Ho and 
Kuo’s [46] study reveal that the positive impact on learning 
outcomes of students’ attitudes was broadened by the feel-
ing of being in control and the sense of concentration dur-
ing the learning activity, as well as curiosity and intrinsic 
interest. Therefore, MCLS was adopted and implemented in 
our re-designed programming course in an online learning 
environment, and this research also explored the impact of 
MCLS on improving students’ learning effects.

2.2  Team regulation

Team regulation (TR) is defined as the dynamic means 
through which “team members share their understanding of 
their task and environment, interpret their team feedback in 
comparison to their stated objectives, and enact coordinated 
effort toward their team goal” [61]: 276; [92]. In some stud-
ies, TR is referred to as co-regulation [15, 36, 102], which 
requires metacognitive interactions between group members, 
whether it is about sharing opinions, monitoring task pro-
cesses, or evaluating learning progress [40, 65, 69]. These 
activities include communicating among team members, 
planning of activities, and monitoring of team [20, 102].

As team members set up their collective goals and act 
according to their assigned roles, they may receive feedback 
for their collective performance. Some researchers focus on 
the social aspects of TR, such as the influence of team feed-
back [93], and their findings show that feedback to teams 
could have significant effect on future team outcomes. De 
Jong and colleagues [26] found that, when in teams, stu-
dents put more focus on interactive activities such as sharing 
opinions and reaching common ground. In addition, it is 
reported that group feedback (in the form of team perfor-
mance appraisals or evaluation) and group goals are closely 
related (Van der Vegt, Emans & Van De Vliert [112]).

Moreover, it is also mentioned that students who are 
learning in computer-based learning environments require 
regulation in their learning process in order to avoid ill-
structured learning tasks. Students who are assigned in 
teams often need to make extensive learning choices and 
need to keep monitoring and evaluating throughout the 



398 Universal Access in the Information Society (2024) 23:395–410

1 3

process. When they are assigned to teams, regulation of 
the collaborative learning process is essential to the out-
comes of their learning [5]. There are also studies which 
point out that students perform better in monitoring pro-
gress and creating meaningful thinking or discussion when 
computer-based communication tools are provided [102]. 
Furthermore, it is also indicated that a user-friendly online 
learning platform could be helpful for the development of 
students’ programming skills (Buyrukoğlu, in press, Moodle 
meets this criterion [37]) and was used as a platform in this 
study. Therefore, the researchers in this study adopted online 
TR to develop students’ programming skills, academic moti-
vation, and refusal self-efficacy of Internet use in an online 
programming course in this study.

2.3  Students’ programming skills

Computer programming is a subject that requires strategies 
to develop students’ ability of solving problems and involves 
many programming logic activities [41]. The practice of 
computer programming is a mechanism for students’ devel-
opment of computational thinking (CT) ([78], Restrepo‐
Calle, Ramírez Echeverry & González, [98]). However, it is 
indicated that developing students’ programming skills is a 
very complex and hard task with a high rate of failure [53]. 
Moreover, it is important to evaluate students’ work when 
they learn about computer programming (Restrepo‐Calle, 
Ramírez Echeverry & González, [98]). The existing litera-
ture indicates that the efficiency of summative and forma-
tive assessment for novice programmers can be improved 
based on a computer-based or technology-enhanced learning 
environment which can provide comprehensive and strong 
feedback [10]. In this study, the researchers regard students’ 
programming skills as their ability to design and develop 
a program, system, or application by using Visual Basic 
for Applications (VBA) with purposive functions. Then, 
the effects of online MCLS and TR on improving students’ 
programming skills were investigated.

2.4  Academic motivation

Academic motivation refers to a set of motives associated 
with distinct achievement goals and includes both intrinsic 
and extrinsic motivation [67, 68, 111]. It is demonstrated to 
be an important element in both traditional and online learn-
ing environments when the positive relationship of students’ 
grades with academic motivation was investigated [49]. For 
example, students’ academic motivation as a substantial pre-
dictor of academic success has been demonstrated in online 
learning space [33, 52, 89, 123].

It is revealed that self-regulation and academic motivation 
are two of the critical “soft skills” for students to develop 
[38, 82, 99, 110]. It is also reported that SRL positively 

affects a sense of learning achievement, as well as learners’ 
motivation and behaviour (Lee, Watson & Watson, 2019). 
Moreover, existing literature indicates that academic motiva-
tion is one of the crucial features when designing an effec-
tive online course [6]. Thus, the researchers in this study 
extended SRL to TR and integrated it with MCLS to help 
students achieve better development of academic motivation 
and programming skills in an online course.

2.5  Refusal self‑efficacy of internet use

With the advancement of technology, Internet use, smart-
phones, and web-based applications have become an essen-
tial part of modern life. Despite the numerous advantages 
it brings, excessive Internet use can result in negative or 
even hazardous effect on people [44, 57, 117, 118]. The con-
venient and inexpensive Internet environment has resulted 
in generations of heavy users among college students [21]. 
Furthermore, due to the educational conditions in Taiwan, 
compared to their pre-college life, college students may be 
freer from restraints on using the Internet. Studies surround-
ing the topic of Internet addiction have increased in recent 
years, and diverse measurements of this worldwide phenom-
enon have been developed [44, 71, 75].

In the existing literature, refusal self-efficacy of Internet 
use is defined as an individual’s belief that she/he can pur-
posely refuse or resist using the Internet in a high-risk situ-
ation, such as when a smartphone or computer is turned on 
[75]. As it is difficult to help students concentrate on course-
work in an online learning environment [108], it is critical 
to develop students’ regular learning habits and their ability 
to refuse to use Internet before providing online courses to 
them. Thus, the researchers in this study integrated MCLS 
and TR in an online programming course to help students 
develop their refusal self-efficacy of Internet use and further 
improve their learning performance.

3  Empirical study

3.1  Course setting

In this research, the involved course was a semester-long, 
two credit-hourly course titled ‘Programming Design’, tar-
geting first-year undergraduate students of a comprehen-
sive university in Taiwan. This course mainly focuses on 
developing students’ programming skills and concepts by 
using Visual Basic for Applications (VBA). The teacher in 
this course first introduced the algorithm, syntaxes, macros, 
and basic functions of VBA. Then, the teacher applied the 
approach of MCLS described in section ‘3.3.1. Intervention 
of meta-cognitive learning strategy’, as well as the strategies 
of TR introduced in subsection ‘3.3.2. Intervention of team 
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regulation’ for the experimental groups. Then, from the 16th 
week of the semester, presentations by students began of the 
programs, applications, or systems they had designed.

3.2  Participants

In the context of the present research, the participants from 
non-computer, non-information departments took a compul-
sory course titled ‘Programming Design’ for two hours a 
week. There were 126 undergraduates from four class sec-
tions, all with the same instructor. These students comprised 
31 males and 95 females. The mean age of participants was 
18.89 years. Prior to taking the course, students possessed 
an average of 1.06 certifications each, related to Microsoft 
PowerPoint or Microsoft Word. The researchers set up four 
groups following this experimental design: the MCLS and 
TR class (G1, n = 26), the MCLS and non-TR class (G2, 
n = 29), the non-MCLS and TR class (G3, n = 44), and the 
non-MCLS and non-TR class (G4, control group, n = 27). 

The experimental design of the four groups is shown in 
Fig. 1.

3.3  Experimental design and procedure

The experimental design comprised a 2 (MCLS vs. non-
MCLS) × 2 (TR vs. non-TR) factorial pre-test/post-test 
design. G1 concurrently received the intervention of online 
MCLS and TR; G2 received only the intervention of online 
MCLS; G3 received only the intervention of online TR, with 
these three as the experimental groups. The non-MCLS and 
non-RL group (G4) received the traditional teaching method 
and served as the control group. The course schedule fol-
lowed is illustrated in Fig. 2.

3.3.1  Intervention of meta‑cognitive learning strategy (for 
G1 and G2)

In the existing literature, meta-cognitive models for instruct-
ing students have been developed by Winne and Hadwin 
[116] and Pintrich [94]. The former model suggests that 
learners initiate a process of four basic stages: defining 
tasks at hand, setting goals and constructing plans, enact-
ing learning strategies, and making adjustments according 
to performance. The second model presented by Pintrich 
[94] is structured similarly, with forethought, planning and 
activation, monitoring, control, reaction, and reflection as 
its components [24]. In addition, meta-cognitive learning 
strategies such as goal setting, strategic planning, and self-
evaluation are included in the useful strategies applied by 
MOOCs users [58].

When looking for the proper model for practical instruc-
tion in a programming course, the researchers discussed and 
reflected on previous teaching and adopted the Cognitive 

MCLS non-MCLS

TR

non-TR

G1 Group G3 Group

G2 Group G4 Group

Fig. 1  The different instructional designs for this study

Fig. 2  Schedule of the course 
and assessment during the 
semester Programming Design

(Visual Basic for Applications)

Week 2: 
Students from 
experimental 
groups received 
MCLS and/or 
TR instruction.

Week 16:

Students 
started to 
present their 
programs, 
applications, 
or systems.

Week 17:
The second 
questionnaire for 
posttest were 
delivered.

Week 1:
All students 
were 
pretested and 
completed 
the first 
questionnaire 
as pretest.

Week 8: 

Students started 
to design their 
applications and 
write the code 
with VBA.
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Academic Language Learning Approach (CALLA) first 
presented by Chamot & O'Malley [13]. The CALLA model 
consists of five steps: preparation, presentation, practice, 
evaluation, and expansion [1, 24]. Although it was originally 
used in language learning, the core concept of MCLS can 
be employed in other subjects. Thus, CALLA was adopted 
for students in G1 and G2 with the following approaches:

1. Preparation: In this initial phase, the educator provided 
assistance to learners who are developing their meta-
cognitive awareness and made sure they realize the sig-
nificance of meta-cognitive learning strategies;

2. Presentation: The educator further explained the nature 
of meta-cognitive learning strategies to learners through 
various examples, such as its characteristics, usefulness, 
and applications, so that they gained explicit instructions 
regarding how to use these strategies;

3. Practice: The learners had the opportunity to start 
employing the meta-cognitive learning strategies with 
the tasks at hand. They became aware of the multiple 
strategies available and understand the appropriate use 
of them;

4. Evaluation: Evaluation is one of the keys in meta-cogni-
tive learning strategies, and the educator asked learners 
to document and evaluate their learning progress in the 
course;

5. Expansion: In the final phase, the educator encouraged 
learners to find out which are the most effective meta-
cognitive learning strategies for them, let them discover 
new ways of applying these strategies (i.e. other subjects 
or aspects), or guided them to share their own combi-
nations and interpretations of meta-cognitive learning 
strategies.

3.3.2  Intervention of team regulation (for G1 and G3)

Self-regulation-related theories have been extended to the 
team level [92], such as the team regulatory focus for team 
function and performance [73]. TR is associated with the 
process by which team members share individual knowledge 
regarding their task and environment, analyse and respond 
to team feedback, and coordinate actions toward team goal 
[61, 92]. TR focuses on coordination of the collaboration 
between students, while the intrinsic factors comprise plan-
ning of their activities and monitoring of their team process 
[101].

TR processes are critical factors of team performance and 
have the potential to be applied in a variety of interven-
tions such as training, leadership, and provision of goals 
and feedback [62]. It is indicated that, given the potential for 
information technology to leverage TR, there has been little 
significant effort to apply this practical set of research find-
ings [60]. In order to effectively implement TR in this study, 

the researchers in this study adopted Fleishman & Zaccaro’s 
[32] and Kozlowski & Ilgen’s [62] team performance func-
tions to help G1 and G3 students benefit from this interven-
tion, including the following seven functional categories:

1. Orientation functions, including information exchange 
regarding team member resources and limitations;

2. Resource-distribution tasks, which involve balancing the 
workload across team members;

3. Timing functions, which indicate when activities are 
conducted;

4. Response-coordination functions, including the synchro-
nization and timing for coordination;

5. Motivational functions, comprising such aspects as bal-
ancing attention on goals of individuals and of the team;

6. Systems-monitoring functions, which enable the cor-
rections of team and individual activities in response to 
errors. It is also reported that monitoring goal progress 
is a critical mechanism through which teams can attain 
the positive outcomes of team efficacy [97],

7. Procedure maintenance, which includes monitoring of 
general procedures and activities.

Furthermore, as it is reported that many students engage 
on social networks for considerable time, educational insti-
tutions could use this habit and technology for educational 
purposes [79]. Thus, in the implementation of TR, students 
from G1 and G3 were also required to form groups in an 
online chat APP (e.g. LINE, WeChat, or even Facebook), 
for goal setting, information sharing, interaction, reminder, 
monitoring, and resource sharing.

3.3.3  Intervention for control group (G4)

Students in the control group G4 received the identical learn-
ing materials, assignments, practice time, and class hours as 
those in G1, G2, and G3; however, they did not have to adopt 
MCLS nor implement TR. The teaching in the control group 
focused on traditional lectures on basic syntaxes and func-
tions of VBA and required completion of the applications 
with expected functions by the involved students.

3.4  Measurement

3.4.1  Pre‑tests of students’ computing skills, academic 
motivation, and refusal self‑efficacy of Internet use

Programming skills In this programming course, the 
researchers in this study took students’ learned programming 
skills as their learning effect. In order to investigate whether 
our interventions of MCLS or TR were effective or not, the 
researchers in this study first checked if students had ever 
learned how to write programming code, had an experience 
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of programming, or learned how to use VBA prior to this 
programming course. This could reduce the possibility and 
potential threat from students’ initial differences in program-
ming skills that might result in bias of evaluation. Thus, in 
the first week of the semester, all students were asked if they 
had the experience of programming or had learned VBA 
before this course, and none of them reported having done 
so. Therefore, it is believed that students in the course had 
similar levels of writing programming code prior to their 
receiving the intervention of MCLS and/or TR.

Academic motivation Students from the four groups were 
asked to complete the questionnaire of Motivated Strategies 
for Learning Questionnaire (MSLQ), developed by Pintrich 
et al. [95] as a pre-test of their academic motivation before 
the course started. MSLQ integrates knowledge of differ-
ent research domains, including instructional psychology, 
traditional and online educational research [86], and cogni-
tive psychology [85]. MSLQ includes 81 items and can be 
divided into two broad categories: (1) a motivation category 
(31 items) and a learning strategy category (50 items). All 
items are scored on a 7-point Likert scale, ranging from 
1 (not at all true of me) to 7 (very true of me) [86]. In the 
pre-test, the researchers in this study investigated if any dif-
ference of students’ academic motivation existed among the 
four groups before they received the intervention of MCLS 
and/or TR.

Refusal self-efficacy of Internet use The measurement of 
students’ refusal self-efficacy of Internet use in the pre-test 
could confirm whether they had similar levels of refusal self-
efficacy of Internet use in this computing course before the 
experiment begins. The refusal self-efficacy of Internet use 
questionnaire is a 6-point Likert scale self-reported question-
naire developed by Lin, Ko, and Wu [75]; it is a self-reported 
questionnaire measured with a 6-point Likert scale, with 1 
being totally unconfident (0%) in resisting or refusing Inter-
net use and 6 being 100% confident in resisting or refusing 
Internet use. When a person scores low on this question-
naire, it represents the person’s level of refusal of Internet 
use is lower than a person who has a high score. The version 
of the questionnaire used in this study was adapted from 
the work of Lin et al. [76] and contains 19 items from the 
original questionnaire of 33 items, so the total score ranges 
from 19 to 114. All of the study participants were required 
to complete this refusal self-efficacy of Internet use pre-test.

3.4.2  Post‑tests of students’ programming skills, academic 
motivation, and refusal self‑efficacy of Internet use

Programming skills In this research, students presented the 
program or application they designed in the 16th week of the 
semester. The teacher and researchers mainly graded these 
according to D&M IS Success Model, which includes six 
success dimensions: system quality, service quality, usage, 

user satisfaction, information quality, and net benefits [27]. 
The more complete and the more functions included in stu-
dents’ programs or applications, the higher the scores they 
received.

During students’ presentations, the teacher in this study 
asked questions and provided comments on students’ 
designed programs and presentations. Based on the rubrics 
mentioned above, the teacher graded students’ system dem-
onstration and their oral presentations and recorded the 
grades. In general, the same grade was given to students on 
the same team according to the rubric. However, students’ 
individual grades may have varied because of individual 
presentation quality and his/her responses to the teacher’s 
questions.

Academic motivation The post-test measurement of stu-
dents’ academic motivation was identical to that in the pre-
test. In the post-test, all four groups of participants com-
pleted the MSLQ in the 17th week of the semester. Then, 
the differences among the four groups of students regarding 
academic motivation were analysed and reported.

Refusal self-efficacy of Internet use Students completed 
the same refusal self-efficacy of Internet use questionnaire 
adapted from the work of Lin et al. [76], in the seventeenth 
week for the post-test. The differences among the four 
groups of students regarding refusal self-efficacy of Inter-
net use in this cloud classroom and course were analysed.

3.5  Cloud classroom used in the study

A cloud classroom was provided by the researchers, teacher, 
and university for students’ learning. Besides the course 
website (Moodle), students in this study could also log in to 
the university-developed cloud classroom to use the learn-
ing material they needed. They could log in to this cloud 
classroom via a personal computer or Tablet PC, and review 
or practice the learned programming skills after class. The 
necessary software and materials were provided in this 
cloud classroom for students’ use if they did not own them 
themselves.

3.6  Design of the course website

The involved programming courses in this study were deliv-
ered via Microsoft Teams. Moodle was also used as the 
teaching website for students in the four groups. The syn-
chronous online classes were taught and recorded in Micro-
soft Teams, where students could review the course content 
after classes. In addition, the Moodle learning management 
system was used for providing course description, sylla-
bus, learning materials, assignments, homework submis-
sions, and course-related information. Moreover, students 
could download the necessary learning files to review or 
preview. Students from the same class could conduct team 
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discussions or team-on-team discussions using the Moodle 
forum.

4  Results

4.1  Pre‑tests

The researchers in this study attempted to avoid measure-
ment bias before implementing the MCLS and TR teaching 
approaches by conducting pre-tests. According to the one-
way ANOVA pre-tests shown in Table 1, the difference 
of students’ academic motivation and the level of refusal 
self-efficacy of Internet use among G1, G2, G3, and G4 
are not significant. Moreover, the authors analysed stu-
dents’ programming skills before the course began. Dur-
ing the first week of the semester, the teacher queried if 
students had previously learned the programming design 
tools that were about to be used. Students who knew the 
required programming skills would have been excluded 
from this experiment; however, prior to this course, none 
of them had learned how to program. According to the 
analysis in the pre-test and the teacher’s precautions, it is 
believed that participating students possessed equal levels 

of programming skills, academic motivation, and levels 
of refusal self-efficacy of Internet use at the initiation of 
the experiment. Thus, the potential threat of pre-existing 
variance among students can be excluded.

4.2  Post‑tests

4.2.1  Meta‑cognitive learning strategy

To investigate the effects of web-based MCLS, the inde-
pendent samples t test was applied to analyse and com-
pare students’ programming skills, academic motivation, 
and the level of refusal self-efficacy of Internet use in the 
MCLS group (G1 + G2) and non-MCLS group (G3 + G4). 
Table 2 shows that none of students’ programming skills, 
academic motivation, or refusal self-efficacy of Inter-
net use in the MCLS group were significantly different 
(p > 0.05). The results in Table 2 indicate that students 
who received MCLS did not have significant contribution 
to their development of programming skills, academic 
motivation, or the level of refusal self-efficacy of Internet 
use.

Table 1  One-way ANOVA: pre-test of students’ academic motivation and refusal self-efficacy of Internet use

Dependent variable Group (I) Group (J) Mean difference (I–J) Std. error Sig F p

Academic motivation G1 G2 – 0.111331 0.192011 0.953 1.364 0.257
G3 0.077315 0.188735 0.983
G4 0.219341 0.172859 0.658

G2 G1 0.111331 0.192011 0.953
G3 0.188646 0.186883 0.797
G4 0.330672 0.170835 0.295

G3 G1 – 0.077315 0.188735 0.983
G2 – 0.188646 0.186883 0.797
G4 0.142026 0.167144 0.868

G4 G1 – 0.219341 0.172859 0.658
G2 – 0.330672 0.170835 0.295
G3 – 0.142026 0.167144 0.868

Self-efficacy of Internet use G1 G2 0.505001 0.287474 0.382 1.676 0.176
G3 0.494179 0.282569 0.387
G4 0.534684 0.258801 0.239

G2 G1 – 0.505001 0.287474 0.382
G3 – 0.010822 0.279797 1.000
G4 0.029683 0.255770 1.000

G3 G1 – 0.494179 0.282569 0.387
G2 0.010822 0.279797 1.000
G4 0.040505 0.250245 0.999

G4 G1 – 0.534684 0.258801 0.239
G2 – 0.029683 0.255770 1.000
G3 – 0.040505 0.250245 0.999
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4.2.2  Team regulation

To investigate the effect of web-based TR, comparison of 
students’ programming skills, academic motivation, and 
the level of refusal self-efficacy of Internet use in the TR 
group (G1 + G3) and non-TR group (G2 + G4) was carried 
out via the independent samples t test. The results shown 
in Table 3 reveal a significant difference (p < 0.05) in stu-
dent’s programming skills and level of refusal self-efficacy 
of Internet use between the TR group (G1 + G3) and non-TR 
group (G2 + G4). However, Table 3 shows that for those who 
received TR treatment, their academic motivation had no 
significant increase in this research (p > 0.05).

4.2.3  Meta‑cognitive learning strategy and team 
regulation

One-way ANOVA was again applied to analyse students’ 
programming skills (grades), academic motivation, and the 
level of refusal self-efficacy of Internet use under the four 
conditions (groups). Table 4 reveals that learners of G1, who 
received the intervention of web-based MCLS and TR, did 
not have better performance than other groups (G2 receiving 
MCLS & non-TR teaching method, G3 receiving non-MCLS 
& TR teaching method, and G4 receiving traditional teach-
ing method). However, it is found that G3 had better devel-
opment in programming skills than G4 (the control group).

5  Discussion and implications

Online education is currently implemented at all levels of 
educational institutions worldwide to provide students alter-
native channels for learning during the COVID-19 pandemic 
[120]. In addition, it is indicated that the adoption of web-
enhanced active learning has been emphasized by online 
educators [81]. Thus, this study redesigned innovative online 
teaching methods to help students develop programming 
skills, as well as improve their academic motivation and 
level of refusal self-efficacy of Internet use in online pro-
gramming courses. The researchers believe that this research 
could contribute to e-learning theory in three different ways, 
particularly during this time of COVID-19 pandemic. First 
of all, this research may specify how teachers can develop 
students’ practical programming skills, academic motiva-
tion, and refusal self-efficacy of Internet use by applying 
MCLS in an online learning environment. Secondly, the 
adoption and implementation of online TR learning strat-
egy is shown to help students develop regular learning habits 
and further improve their learning performance in the online 
environment, which is full of social networking websites, 
shopping websites, and free online games [22]. Finally, this 
research may be among the first efforts to explore the effects 
of the various combinations of MCLS, TR, and cloud class-
room in an online programming course. For example, in 
the implementation of MCLS, the teacher asked students to 

Table 2  Comparison of students’ programming skills, academic motivation, and the level of refusal self-efficacy of Internet use between MCLS 
and non-MCLS groups

Dependent variable Group t df Sig. (two-tailed)

MCLS non-MCLS

n M SD SE n M SD SE

Programming skills 55 77.25 9.314 1.256 71 78.00 6.780 0.805 – 0.500 124 0.618
Academic motivation 55 4.28211 0.777874 0.104889 71 4.29396 0.745564 0.088482 – 0.087 124 0.931
Refusal self-efficacy 

of Internet use
55 3.22010 1.032611 0.139237 71 3.08228 0.996620 0.118277 0.758 124 0.450

Table 3  Comparison of students’ programming skills, academic motivation, and refusal self-efficacy of Internet use between TR and non-TR 
groups

*p < 0.05

Dependent variable Group t df Sig. (two-tailed)

TR non-TR

n M SD SE n M SD SE

Programming skills 70 78.96 7.180 0.858 56 76.07 8.638 1.154 2.048 124 0.043*

Academic motivation 70 4.22581 0.757933 0.090590 56 4.36751 0.754708 0.100852 – 1.045 124 0.298
Refusal self-efficacy 

of Internet use
70 3.31203 1.042334 0.124583 56 2.93045 0.936143 0.125097 2.136 124 0.035*
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document and evaluate their learning progress in the course. 
Students had to submit their progress of programming skills 
and learned knowledge to the course website (Moodle) every 
week. In addition, in the implementation of TR, students in 
were required to submit a screenshot of their interaction and 
discussion for TR via in an online chat APP as homework 
every week. The teacher could thus take advantage of edu-
cational technologies to know and check students’ develop-
ment progress in programming skills. Based on these con-
tributions, this study may provide references for researchers 
and educators responsible for online courses, who desire to 
design appropriate teaching methods, particularly for pro-
gramming courses.

5.1  Effect of meta‑cognitive learning strategy

In a recent trend, society and workplaces are beginning 
to be aware that information ability is a necessary com-
petence for college students to cultivate, as developing 
computer skills and programming design skills is found 
to be increasingly crucial [12, 19, 109]. According to pre-
vious research [34, 113], MCLS could be more effective 
in developing students’ programming skills with the inte-
gration with educational technology. Thus, the authors in 
this study were encouraged to apply MCLS in an online 
programming course to enhance students’ learning perfor-
mance and to investigate if MCLS could improve students’ 

Table 4  One-way ANOVA: 
post-test of students’ 
programming skills, academic 
motivation, and refusal self-
efficacy of Internet use

Dependent variable Group(I) Group(J) Mean difference (I–J) Std. error Sig F p

Programming skills G1 G2 – 1.086 2.145 0.968 3.089 0.030*
G3 – 3.570 1.981 0.359
G4 2.056 2.181 0.828

G2 G1 1.086 2.145 0.968
G3 – 2.484 1.868 0.623
G4 3.142 2.079 0.518

G3 G1 3.570 1.981 0.359
G2 2.484 1.868 0.623
G4 5.625 1.909 0.038*

G4 G1 – 2.056 2.181 0.828
G2 – 3.142 2.079 0.518
G3 – 5.625 1.909 0.038*

Academic motivation G1 G2 – 0.253708 0.210621 0.694 0.642 0.590
G3 – 0.131970 0.194476 0.927
G4 – 0.250000 0.214124 0.715

G2 G1 .0253708 0.210621 0.694
G3 0.121737 0.183401 0.932
G4 0.003708 0.204118 1.000

G3 G1 0.131970 0.194476 0.927
G2 – 0.121737 0.183401 0.932
G4 – 0.118030 0.187414 0.941

G4 G1 0.250000 0.214124 0.715
G2 – 0.003708 0.204118 1.000
G3 0.118030 0.187414 0.941

Refusal self- efficacy 
of Internet use

G1 G2 0.398215 0.276656 0.560 1.707 0.169
G3 0.217360 0.255449 0.867
G4 0.598928 0.281258 0.215

G2 G1 – 0.398215 0.276656 0.560
G3 – 0.180855 0.240902 0.904
G4 0.200713 0.268115 0.905

G3 G1 – 0.217360 0.255449 0.867
G2 0.180855 0.240902 0.904
G4 0.381568 0.246173 0.496

G4 G1 – 0.598928 0.281258 0.215
G2 – 0.200713 0.268115 0.905
G3 – 0.381568 0.246173 0.496
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academic motivation, and refusal self-efficacy of Internet 
use.

With respect to our first RQ, the data in Table 2 indi-
cate that MCLS did not significantly improve the MCLS 
group student’s programming skills (p = 0.618), academic 
motivation (p = 0.931), or the level of refusal self-efficacy 
of Internet use (p = 0.450), when compared with the non-
MCLS group. Although the expected effects of the online 
MCLS method on developing students’ programming skills, 
academic motivation, or refusal self-efficacy of Internet use 
were not exhibited in this study, the non-significant results 
and differences may result from the following possible fac-
tors. First, based on the researchers’ fifteen-year teaching 
experiences in private university in Taiwan, teachers have 
to follow overall policy, such as helping students pass licen-
sure examinations and thus receive official certificates, and 
accepting the designed syllabus, schedule of teaching in each 
week, even using the unified textbooks [70]. In such teaching 
environments, teachers hardly have the freedom to design 
their courses according to their profession and experience 
to benefit their students. In this study, the teacher faced the 
abovementioned restrictions and thus could not effectively 
expand the effects of MCLS. That is, the expected effects 
of MCLS can hardly be found in the deadlocked frame-
work of requirements (e.g. unified textbooks, pre-set syl-
labus) for teachers and students. Second, the length of the 
experiment period may be another factor of influence. It is 
pointed out that the one-semester experiment may be too 
short to result in significant development in students’ learn-
ing [64, 108]. Nevertheless, it is still suggested that teach-
ers can integrate MCLS in online courses in the teaching 
environments with full freedom for a longer period, to help 
students benefit from the intervention of MCLS and educa-
tional technologies.

5.2  Effect of team regulation

As the COVID-19 pandemic has led people and students to 
quarantine and isolation, it is critical to build a sense of com-
munity by developing the socio-emotional climate, reducing 
students’ feelings of isolation and anxiety, and establish-
ing environments for interaction in online courses [91, 105, 
115]. Encouraging students’ contributions and prompting 
discussion are important components of teaching presence in 
online learning environments [42]. In addition, it is reported 
that promoting students’ autonomous and regular learning, 
that involves regulating their learning processes and emo-
tions in different environments, is one of the main challenges 
in online and higher education [35]. In the present study, the 
authors adopted online TR and demonstrated its effects on 
facilitating students’ learning.

As for the second RQ, according to the data shown in 
Table  3, students who received TR have significantly 

enhanced programming skills (p = 0.043) and level of 
refusal self-efficacy of Internet use (p = 0.035). This result 
is similar to existing research that TR had a positive effect 
on improving student’s learning processes and outcomes [29, 
101–103]. As students from G1 and G3 received the inter-
vention of TR, when they presented their designed appli-
cations or systems in a team, the teacher asked questions, 
provided comments, and graded them based on D&M IS 
Success Model. However, their individual grades may be dif-
ferent due to each presenter’s work quality and performance.

The data collected show that the difference of students’ 
academic motivation between the TR group and the non-TR 
group did not reach statistical significance (p = 0.298). It is 
indicated that students’ high engagement could limit their 
distractions; however, it may also lead to a loss of motivation 
[55]. That is, in the implementation of TR, teachers should 
pay attention to students’ responses so as to not result in too 
much pressure and engagement. Based on the results, the 
authors suggest that teachers could consider applying TR 
in online programming courses to help students concentrate 
on their learning and further contribute to their learning 
performance.

5.3  Combined effects of online meta‑cognitive 
learning strategy and team regulation

For our final RQ, we investigated whether the combined 
intervention of online MCLS and TR led to students’ better 
development in programming skills, academic motivation, 
and refusal self-efficacy of Internet use. The data in Table 4 
indicate that students who received both online MCLS and 
TR (G1) did not have significantly better development of 
programming skills, academic motivation, or refusal self-
efficacy of Internet use than those who received traditional 
teaching (G4). The potential reasons for these non-signifi-
cant results may be due to the inefficiency of MCLS, which 
are reported in subsection ‘5.1. Effect of Meta-Cognitive 
Learning Strategy’. That is, the intervention of online MCLS 
did not lead to expected effects for G1 students. Thus, the 
difference of students’ programming skills, academic moti-
vation, and refusal self-efficacy of Internet use between G1 
and G4 is not statistically significant.

Although the combined intervention of MCLS and TR 
did not contribute to better development in students’ pro-
gramming skills, academic motivation, and refusal self-
efficacy of Internet use, as the outcomes suggest, the sole 
treatment of online TR is found to be effective in developing 
students’ programming skills. In Table 4, it is seen that G3 
students (who only received the online TR intervention) had 
better development in their programming skills than those in 
G4 (p = 0.038). Thus, it is believed that the intervention of 
TR could contribute to students’ learning effects in an online 
programming course.
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Finally, based on the data shown in Table 4, there is a 
warning signal for teachers who are forced to provide online 
courses due to the COVID-19 pandemic. Teachers who plan 
to transform their traditional courses in the classrooms into 
online form, without re-designing the course or integrating 
practical and effective teaching methods, may find it hard 
to help their students gain satisfactory learning outcomes. 
For example, students who adopted neither MCLS nor TR, 
in G4, had the lowest programming skills, and refusal self-
efficacy of Internet among the four groups, though insignifi-
cantly (see Table 4). According to our analysis and findings 
in this research and recommendations from a previous study 
[22], it is suggested that online teachers should first analyse 
their students’ specific needs, adopt appropriate and innova-
tive teaching methods, and redesign their courses, instead of 
directly transforming their course to the blended, flipped, or 
fully online form.

5.4  Potential problems and limitations of this study

In the present study, the researchers re-designed an online 
programming course, integrated the innovative and effective 
teaching methods of MCLS and TR with educational tech-
nologies, and examined their effects on improving students’ 
programming skills, academic motivation, and refusal self-
efficacy of Internet use in this course and in a cloud class-
room. Conclusions drawn from a quasi-experimental design 
may inherently have some threats to validity, resulting in 
the potential of a few limitations and potential problems in 
drawing solid research conclusions from this research.

All of the students were first checked for previous experi-
ence with programming before this course and completed a 
pre-test to measure their academic motivation and refusal 
self-efficacy of Internet use before class. However, the 
researchers did not measure students’ level of program-
ming skills, rather assumed they had similar low level of 
skills, based on an oral check. Students’ programming 
skills may not have been the same before they entered this 
course, and this may potentially affect the results. In addi-
tion, each student’s computer competency and readiness 
for online learning may not necessarily be the same at the 
start of this course, even though a pre-test was conducted, 
which may result in bias in the evaluation. Moreover, some 
potential factors or experimental validity problems, such as 
Hawthorne effect, may have influenced students’ learning 
effects. Hence, the validity of the results may potentially 
be affected by these factors. Teachers who are considering 
to adopt MCLS and TR in their online, blended, or flipped 
courses should be cognizant of these individual differences 
and problems associated with quasi-experimental design, as 
they may have affected the results and the claimed effects 
in this study.

6  Conclusion and directions for future work

As a result of rising demand for online courses, a con-
siderable number of online or blended courses have been 
designed [83]. In addition, the importance of teachers’ 
ability to design learning tasks and materials, and appro-
priately apply technologies in education is internationally 
recognized [48, 125]. Innovative teaching approaches, new 
learning strategies, and the use of innovative technologies 
are necessary to develop students’ generic and specific 
competencies [11]. In this semester-long experiment, the 
TR strategy helped students significantly develop their 
programming skills and increased the level of refusal self-
efficacy of Internet use; thus, the authors of this study pro-
pose that the TR strategy could enhance students’ learn-
ing performance. However, the effect of MCLS teaching 
strategy on students’ programming skills, academic moti-
vation, and refusal self-efficacy of Internet use, did not 
show a significant increase in this experiment. Although 
the MCLS group cannot effectively expand the effects in 
this research, the MCLS strategy could still be effective 
with further adjustments and integrated with a flexible 
teaching environment.

In order to apply educational technology effectively in 
teaching, educators have to be able to integrate pedagogy, 
content, and technology well [43]. The findings of this study 
suggest that teachers of online courses could adopt TR and/
or MCLS with appropriate modifications according to their 
situations, environments, challenges, or students’ abilities 
and readiness. Finally, the authors suggest that online edu-
cators, researchers, and teachers could adapt and re-design 
their teaching methods and courses based on students’ par-
ticular needs and characteristics, to aid them in achieving 
satisfactory learning performance.
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