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Abstract

Many universities around the world were forced to lock down and students had to continue their learning in online environ-
ments in response to the COVID-19 pandemic. Teachers thus had to adopt effective and appropriate online teaching peda-
gogy integrated with related educational technologies to help their students achieve satisfactory learning outcomes in these
courses. In addition, the world-wide problems of high failure level and dropout rates in programming courses challenge
both teachers and students. Aiming to develop students’ practical programming skills, commitment to learning, and reduce
learning disengagement, the researchers behind this study adopted two teaching approaches, integrating online partial pair
programming (PPP) and socially shared metacognitive regulation (SSMR), to explore their effects on students’ learning
performance in an online programming course. A quasi-experiment was implemented to explore the effects of online PPP
and SSMR. The participants comprised three classes of students, all from non-information or non-computer departments
taking a compulsory course titled ‘Programming Design’. The experimental groups included the first class (G1) simultane-
ously receiving the online PPP and SSMR intervention and the second class (G2) receiving only the online SSMR interven-
tion. The third class (G3) received a traditional teaching method (non-PPP and non-SSMR) delivered online and served
as the control group. Both quantitative and qualitative data were collected and analyzed. Experimental results show that
the SSMR group (G2) demonstrated significantly better development of programming skills and commitment to learning
than the control group (G3). However, the expected effects of online PPP on improving students’ learning were not found.
The implications of designing pedagogies with PPP and SSMR in an online programming course for decision-makers in
governments and universities, researchers, and teachers implementing online courses, particularly programming courses,
are provided and discussed.

Keywords Online partial pair programming - Online socially shared metacognitive regulation - Programming course -
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1 Introduction

Computing and programming has been (re)integrated into
basic education curricula in many nations, as understand-
ing the concepts of programming code, computing, and
programming is critical for agentic citizenship in modern
education and society [78]. Although there are many educa-
tors indicating the importance of computing and program-
ming education, students’ dropout rate from programming
courses is very high as many find it quite difficult to learn
and understand programming [88]. In addition, many uni-
versities were forced to lock down and students had to learn
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in online environments because of the COVID-19 pandemic
restrictions [38]. This may increase the difficulty of teach-
ing programming, as learning in online environments may
result in students having a sense of isolation [19, 107] and
distraction [109]. Thus, adopting and integrating effective
teaching methods with educational technologies is necessary
to facilitate students attaining better learning outcomes in
online or blended programming courses.

1.1 The need for means of overcoming learning
challenges

In recent years, the keenness to learn programming has been
increasing as modern society and workplaces have greatly

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10209-024-01127-w&domain=pdf

Universal Access in the Information Society

increased needs for more employees with programming
skills [72]. However, learning programming is a difficult task
for students [96], as illustrated by many students struggling
and dropping out of programming courses [113]. The high
failure level and dropout rates in programming courses are
serious problems worldwide [76]. In addition, it is also indi-
cated that programming courses are complex and regarded
as a major challenge in computer science [64]. Moreover, the
teachers and students of programming courses may face even
more challenges in online courses [75]. In this regard, the
importance of and necessity for re-designing programming
courses are emphasized by educators [19, 28].

Recent literature reveals that non-information students
may face various difficulties and barriers when learning pro-
gramming [91]. In order to develop and improve program-
ming skills in an online course for non-information majors,
the designers of this study sought a practical and appropriate
teaching method. Partial pair programming (PPP), which is
an innovative and effective teaching method for program-
ming courses [120], in which there are different groups and
every group consists of coder and reviewer [4], was selected
for enhancing the learning of non-computer students in this
study. It is reported that collaborative programming, such as
PPP or pair programming (PP), can be reasonably used and
implemented in programming course design as an approach
worth learning from [102]. Thus, this study adopted PPP in
an online programming course so that this research could
demonstrate its effects on the development of students’
programming skills and commitment to learning, and to
reduce their learning disengagement in the cloud classroom
environment.

1.2 The need for socially shared metacognitive
regulation

Due to COVID -19 diffusing throughout the whole world,
many educational institutions have experienced being locked
down. In the face of this, colleges suddenly turned en masse
to online learning environments that neither students nor
teachers expected [70, 124, 127]. However, earlier studies
point out that when students learn in entirely online environ-
ments, it may result in adverse outcomes, such as inattention
and procrastination [18, 51, 70], particularly for university
students, whose digital distraction and use of social media
is common and rampant [3]. Moreover, it is reported that
students’ digital distraction (such as using smartphones in
the course) may hinder their academic performance [47,
106, 111] and further affect their academic success and well-
being. Therefore, teachers should adopt teaching strategies
to minimize and regulate students’ digital distraction [3].
Hence, this study adopted socially shared metacogni-
tive regulation (SSMR), which refers to learners’ col-
laborative regulatory activities wherein different learners
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are concurrently engaged as they monitor and control the
group’s cognition [32, 54]. In the implementation of SSMR,
each team had to carry out four processes of metacogni-
tive regulation skills (orientation, planning, monitoring, and
evaluation) that are verbalised by teammates, who engage
with and build upon their verbalised metacognitive regula-
tion (MR) during their cooperation [31]. The socially shared
aspect of MR has been shown to be critical as a collaborative
regulation of the progress of the learners’ cognitive activ-
ity and facilitation of their knowledge co-construction [53].
Recent studies further indicate the importance of learners’
regular learning competence in fully online learning envi-
ronments to overcome digital distraction and regulate their
emotions [51, 70]. Additionally, SSMR is reported to poten-
tially facilitate students’ interaction in online learning [112].
Therefore, SSMR was employed to improve student’s pro-
gramming skills and commitment to learning, while reduc-
ing their learning disengagement in an online programming
course.

Since emergency online learning in a crisis (e.g. COVID-
19) presents challenges for teachers, students and parents,
students’ regular learning and motivation may be critical
factors that can cultivate their learning success and well-
being [86]. The role of students’ regulation should therefore
be emphasized when it comes to examining online education
against the backdrop of COVID-19 [50]. How to organize
programming course design to facilitate students’ engage-
ment, active learning, and also remain agile, is one of the
priorities in both teaching practice and research [26]. So
that students may learn and develop practical programming
skills, improve their commitment to learning, and reduce
their learning disengagement, this study investigated the
effect on students’ learning of PPP and SSMR integrated
with educational technologies. The study thus addresses the
following research questions:

1. Could online PPP result in better development of stu-
dents’ programming skills and commitment to learn-
ing, and reduce their learning disengagement in a cloud
classroom?

2. Could online SSMR result in better development of
students’ programming skills and commitment to learn-
ing, and reduce their learning disengagement in a cloud
classroom?

3. Could a combined intervention of online PPP and SSMR
result in better development of students’ programming
skills and commitment to learning, and reduce their
learning disengagement compared to those following
traditional teaching method in a cloud classroom?
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2 Literature review
2.1 Partial pair programming

Partial pair programming (PPP) is a new emerging and
effective teaching method for programming courses, in
which students discuss their project ideas, propose their
ideas, and complete their task together as a pair [120].
The concept of PPP was mentioned by Ahmad et al. [4].
PPP is modified based on pair programming (PP) [120],
a collaborative programming approach where two learn-
ers or programmers collaborate together to achieve their
common learning goals or complete a project [67]. In the
implementation of PPP, work of the pair (the driver and
navigator) is a collinear approach [4]. In existing literature,
it is reported that PP is effective in enhancing students’
grades on assignments and their satisfaction [98], and is
a more effective pedagogy for coding than solo program-
ming [36]. In addition, it is also revealed that program-
ming in pairs results in better learning effects, particularly
for beginners [55].

Although the effects of PP are indicated in previous lit-
erature, problems in applying PP among younger students
and programming novices are also revealed [120]. Less
experienced learners in a PP environment are reported to
be disengaged and learning less [23]. Moreover, an earlier
study also illustrated that some non-information students
may tend to rely on their teammate(s) with a greater pro-
gramming ability and miss the chance to actually learn
programming themselves through teamwork [19]. Fol-
lowing Wei et al.’s [120] suggestion that teachers should
design PP to maximize young students’ learning outcomes,
particularly in large-size classes with over 40 students, the
authors adopted PPP based on a modification of PP.

Instead of PP’s emphasizing students’ clear role divi-
sions (a driver who writes code and a navigator who moni-
tors the processes and corrects the errors) [100] and ask-
ing students to regularly switch roles, PPP focuses more
on students’ collaboration in pair programming by asking
the student pairs to program collaboratively while requir-
ing them to submit their individual programming projects
[120]. As the involved introductory programming courses
in this study were large-size classes for beginners, PPP
could compensate for the limitations on the teacher’s
availability and facilitate students’ collaboration by pro-
viding them with opportunities to each contribute their
capabilities and learn from one another [120]. While there
are some studies investigating the effects of PP in online
learning environments and the effects of PPP in traditional
learning environment (e.g. face-to-face classrooms), there
are not many studies exploring the effects of PPP in online
education. In various programming and computational

thinking courses, teachers must apply different pedagogies
and educational technologies to promote students’ learn-
ing [17]. Thus, this study adopted PPP in online large-size
classes to develop the programming skills and commit-
ment to learning of non-information majors, while also
reducing their learning disengagement.

2.2 Socially shared metacognitive regulation

Socially shared metacognitive regulation (SSMR) is defined
as multiple students’ reciprocal and joint engagement that
impacts each one’s metacognitive contributions [32]. SSMR
also comprises the metacognitive regulation (MR) activi-
ties in which learners collaboratively engage in each other’s
regulative processes as they monitor and control their cogni-
tion [31, 54]. It is reported that students who have MR skills
may choose appropriate strategies when facing hard learning
tasks [101], and also promote their academic self-efficacy
[22]. Beyond MR, it is indicated that SSMR corresponds
with the social constructivist theory, emphasizing the key
role of social knowledge construction and application in col-
laborative learning approaches, so it can be used for students
in all learning environments, both onsite and online [13, 69].

Literature references indicate that learners’ adoption
of regulation strategies and extensive practice with them
could facilitate their involvement in SSMR as they progress
towards collaborative regulation with peers [29, 31, 74]. It is
also revealed that SSMR positively affects students’ collabo-
rative processes [62]. Moreover, SSMR could enhance the
depth of learners’ discussions, while elevating both group
learning outcome quality and individual learners’ content
comprehension [32, 57, 85, 116, 117].

In online learning environments, students’ adoption of
MR may facilitate their high engagement in the learning
process [13]. For example, in order to become more effec-
tive learners, students with higher regulatory skills could
reflect on their efforts and the strategies that they applied
to attain their objectives [114]. Many educators have indi-
cated that implementing self-regulation in online courses
may be effective in improving learning performance through
a process of training self-regulation skills, and that this also
can inspire students’ positive motivation [51, 58]. A recent
study also indicates and supports that metacognition and
self-regulation is important for students’ success in online
environments [94]. However, few studies have investigated
the impacts or effects of SSMR on students’ learning per-
formances in online learning environments, particularly for
programming courses. As it has been suggested that teachers
and researchers consider adopting SSMR to achieve effec-
tive and productive collaborative learning in computer-
supported or online learning environments [126], this study
adopted SSMR for developing students’ programming skills
and commitment to learning, while reducing their learning
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disengagement in the cloud classroom of the online pro-
gramming course used in this study.

2.3 Students’ programming skills

Programming skills include problem-solving strategies and
involve complex logic activities [6, 118]. Programming
skills can be described as comprising two aspects for stu-
dents. First, students need to acquire basic concepts of how
to code the programs (coding). Second, programming skills
also focus on problem-solving skills when fixing bugs after
testing the programs (debugging) [7, 25, 42, 66, 82, 125].
In addition, there are studies evaluating students’ program-
ming skills according to their design quality, testing perfor-
mance, and programming performance [103]. For this study,
researchers defined learners’ programming skills as their
ability to create and develop a programming system with
purposive functions. The effects of online PPP and SSMR
to enhance students’ programming skills were investigated.

2.4 Commitment to learning

Defined as a student’s desire to be involved in her/his aca-
demic activities [11, 16], commitment to learning is one of
the key factors supporting or hindering learning interactions
[104]. Learner’s commitment has also been described as the
extent to which a learner is willing to engage in learning and
is engaged in learning [93]. Existing literature reports that a
student committed to learning regards learning as a critical
investment in personal survival [83, 87].

This commitment is key for students’ quality learning and
academic success [5, 68]. It is also revealed that lack of com-
mitment may result in learners having a lower level of inter-
est in learning [63]. Without learners’ commitment, mean-
ingful learning interactions cannot emerge [104]. Recently,
there have been studies that demonstrate commitment to
learning as a critical factor when evaluating students’ learn-
ing in online environments (e.g. [61, 93]). Thus, this study
adopted PPP and SSMR as a means for developing students’
commitment to learning in an online programming course.

2.5 Learning disengagement

Learning disengagement refers to the inactive state and with-
drawal of effort during the learning process [122], which
includes the concepts of non-participation, non-involve-
ment and non-commitment that hinder students’ learning,
no matter in the physical, emotional, or cognition realms
[92]. Recent studies indicate that learning disengagement
is negatively connected to students’ learning performance
and achievement [9, 10, 21, 48]. Students who have learning
disengagement may face educational obstacles, such as lack
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of learning interest, having low self-efficacy, dropping out,
low retention, and achievement gaps [45, 81, 99].

Many studies indicate how important engagement in
online learning environments is; for example, students with
learning engagement would invest mental energy and effort
to practice the subject and exert effort to solve problems in
online courses [60, 95]. On the contrary, students with learn-
ing disengagement, often exhibited as disruptive behaviour,
absence, and adverse school connectedness, are at risk of
poor academic and social outcomes [48]. Students’ disen-
gagement may result in them dropping out from a course or
achieving lower grades with reduced employment opportuni-
ties [10, 21]. Thus, this study integrated PPP and SSMR in
an online programming course to assist students in reducing
their learning disengagement.

3 Empirical study
3.1 Course setting

The involved online course was a semester-long, 2 credit-
hour course named ‘Programming Design’ for first-year
undergraduates at a comprehensive university in northern
Taiwan. The focus of this online course was the development
of students’ programming skills in using Visual Basic for
Applications (VBA). Previous research and educators indi-
cate that students’ pre-existent familiarity with the Micro-
soft Excel environment and how it is commonly used in the
workplace could be positive reasons for teaching program-
ming by VBA in a Microsoft Excel environment [39, 121].

During the initial stage of this programming course, the
involved teacher first introduced the basic functions and
syntaxes of VBA. Following, the teacher asked students in
the respective experimental groups to implement PPP strate-
gies as described in subsection ‘3.3.1. Intervention of partial
pair programming’, or to implement the approach of SSMR
introduced in section ‘3.3.2. Intervention of socially shared
metacognitive regulation’. In the 16th and 17th weeks of
the semester in 2022-2023, students presented their created
programs or systems during class sessions.

3.2 Participants

The study participants were students from departments
unrelated to information technology or computer science,
who were enrolled in a compulsory ‘Programming Design’
course. There were 95 undergraduates from three class sec-
tions. The gender breakdown was 39 males and 56 females.
The mean age of students who participated in the study was
18.87 years old.
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3.3 Experimental design and procedure

Before the experiment began, the authors sent our proposal
for Ethical Review Approval to National Taiwan University.
The study was approved by the Research Ethics Committee
of National Taiwan University on September 15, 2022.

A quasi-experiment was executed to demonstrate the
effects of online PPP and SSMR; the participants involved
consisted of three classes. As shown in Table 1, the experi-
mental groups were the first class (G1) that received the
intervention of online PPP and SSMR simultaneously and
the second class (G2) that received the intervention of online
SSMR only, while the non-PPP and non-PPP group (G3)
received traditional programming pedagogy and served as
the control group. Figure 1 illustrates the course schedule
for the study.

3.3.1 Intervention of partial pair programming (for G1)

In the implementation of PPP, this study adopted Wei et al.’s
[120] suggestion and first required students to form pairs
for their discussion, sharing, and interaction. Alternately,
one of them was the driver who writes the codes, while
the other provided guidance and caught bugs in the role of
navigator [37]. The classroom teacher introduced the PPP
approach to students in G1 and familiarized them as to how

Table 1 Experimental design of the study and anticipated effects of
different instructional designs

Group Instructional designs Expected effects

Gl PPP and SSMR Most significant effect
G2 SSMR Medium effect

G3 Non-PPP and non-SSMR No difference

to collaborate with their partners to complete the program-
ming tasks for the course [120].

Throughout the PPP implementation, in each class, the
responsible teacher started by introducing the basic func-
tions and syntaxes of VBA. After that, student pairs were to
discuss ideas for their projects together. They had to discuss,
collect materials, and help each other to learn write code in
VBA. Moreover, instead of emphasizing the distinct roles of
driver and navigator and asking learners to regularly switch
roles, the teacher emphasized the collaborative aspect of pair
programming, reminding the paired students to collaborate
for submitting their respective programming projects. Not
only could the paired students discuss and solve problems
together with their partner, they could also talk to the class-
mates in other teams or ask for the teacher’s help if the pair
failed to resolve the problems they encountered [120].

Furthermore, the paired students were asked to submit
a short video of their discussions and problem-solving in
Microsoft Teams or via an online course chat APP (e.g.,
LINE, WeChat, or Facebook Messenger) as group home-
work every week [19]. The teacher could check and know
the students’ learning status via these videos. If a student
did not submit her/his group homework (the short video) to
the course website before the deadline, no late submissions
were accepted.

3.3.2 Intervention of socially shared metacognitive
regulation (for G1 and G2)

In the implementation of SSMR, the researchers adopted
De Backer, Van Keer and Valcke’s [30] and De Backer,
Van Keer and Valcke’s [31] suggestions and focused on the
key metacognitive regulation skills (e.g. orientation, plan-
ning, monitoring, and evaluation) that are verbalised by
learners, who interact with and build upon their verbalised

Fig. 1 Course schedule and
assessment during the semester

(Visual Basic for Applications)

Programming Design

T_\

—r-

Week 1:

All students were
checked as to
whether they had
learned
programming and
filled out the first
questionnaire as

the pretest.

Week 2:
Students in
experimental
groups (G1 and
G2) began to
receive PPP
and/or SSMR

instruction.

Week 8:

All students
began to
plan,
design, and
create their
programs or

systems.

Week 16:
All students
started to
present their
programs or
systems
during class

time.

Week 17:

The second
questionnaire for
the posttest was
delivered and
interviews with
15 students were

conducted.
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metacognitive regulation during their collaboration. Divided
into six-member teams, each team was asked to implement
SSMR in Microsoft Teams or via an online group chat APP
(e.g., LINE or WeChat). In addition, students executed the
following four processes.

1. Orientation: The collaborative students in G1 and G2
began task analysis, activating their prior knowledge, for
the comprehension of learning objectives and to build
initial mutual understanding [14, 30].

2. Planning: Students selected their problem-solving strat-
egies and engaged in planning to undertake the group
assignments [30, 77].

3. Monitoring: Students examined the quality of their col-
laborative problem-solving processes to identify incon-
sistencies and optimize task execution [30, 77, 119].

4. Evaluation: Students assessed their own process once
they completed the collaborative learning, focusing on
learning performance, group members’ collaboration,
and problem-solving processes [14, 30, 77].

Instead of approaching learning from the individual per-
spective, SSMR emphasizes a collective responsibility for
MR among collaborating learners [30]. To ensure and check
students’ implementation of SSMR in this online program-
ming course, students in G1 and G2 were asked to submit
the screenshots of the aforementioned four processes from
Microsoft Teams or via an online course chat APP as group
homework weekly (see Fig. 2).

3.3.3 Intervention for control group (G3)

Students in G3 (the control group) were provided with the
same learning materials, class hours, practice opportuni-
ties, assignments, on the same website as those in G1 and
G2. However, they did not have the interventions of PPP or
SSMR. In the control group, conventional lectures covered
fundamental syntax and functions of VBA. Participants were
then required to create applications or systems with speci-
fied functions. Students in G3 neither had to adopt PPP nor
implement SSMR.

3.4 Measurement

3.4.1 Pretest of students’ programming skills, commitment
to learning, and learning disengagement

3.4.1.1 Programming skills This study regarded students’
programming design skills in VBA as one of the marks of
learning performance. To investigate the effects of PPP and
SSMR on students’ learning, the researchers first checked
students’ pre-course experiences in learning how to design
computer programming code or how to use Excel VBA
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Fig.2 Screenshot from an SSMR group’s discussion about their plan-
ning for the system they will design

for programming. None of the students in the three groups
reported any such experiences. Thus, it is believed that all
participants had similar low levels of programming skills
or experience in programming or writing VBA code before
engaging in the intervention of PPP and/or SSMR.

3.4.1.2 Commitment to learning All participants from
three groups were asked to complete the Commitment to
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Learning Scale [12, 16] as a pretest of their commitment to
learning before the course started. Commitment to Learning
Scale includes seven items investigated via a 4-point Likert
scale [16]. Individual items were averaged to calculate the
scale scores. The pretest investigated if there were any dif-
ferent levels of students’ commitment to learning among the
three groups before initiating the intervention of PPP and/
or SSMR.

3.4.1.3 Learning disengagement Measuring students’
learning disengagement on the pretest could validate if
students’ exhibited levels of learning disengagement were
similar before the experiment began. The scale for meas-
uring students’ learning disengagement was adopted from
Jang, Kim and Reeve’s [56] questionnaire, which consists
of 20 items using a 5-point Likert scale, ranging from
1="strongly disagree” to 5="strongly agree”, measuring
four dimensions: behavioral disengagement, cognitive dis-
engagement, emotional disengagement, and social disen-
gagement. This scale to measure student’s learning disen-
gagement was included as one of the pretests before students
received the intervention of PPP and/or SSMR.

3.4.2 Posttests of students’ programming skills,
commitment to learning, and learning
disengagement

3.4.2.1 Programming skills Beginning on the 16th week of
the semester, students from the three groups began present-
ing the programs or systems they had created and developed.
Students’ systems or programs were graded blindly (not
knowing which group students belong to) by the research-
ers, following the D&M IS Success Model, which encom-
passes six success dimensions: system quality, information
quality, service quality, user satisfaction, usage, and net
benefits [35] as an assessment process. The more complete
students’ systems or programs were, with appropriate func-
tions included, the higher the scores they received.

While students were presenting, the responsible teacher
asked questions and offered feedback on their systems or
programs. Based on the aforementioned six success dimen-
sions, the teacher and researchers scored students’ system
demonstrations and oral presentations. In general, students
on the same team received the same grade according to
the evaluation rules. However, individual grades may have
varied because of a student’s quality of presentation and
responses to teacher’s questions.

3.4.2.2 Commitment to learning The students were
required to complete the commitment to learning scale
twice, for measuring their commitment to learning. For
the posttest, participants from all three groups completed
the commitment to learning scale in week seventeen of the

semester. The differences of students’ commitment to learn-
ing programming among the three groups were analyzed
immediately.

Cronbach o test was applied to check whether there
was intercorrelation between items. The results exhibited
good internal consistency with Cronbach's «=0.851; thus,
the authors feel confident that items on the commitment to
learning scale have shared covariance, and the same underly-
ing concepts are most likely being evaluated.

3.4.2.3 Learning disengagement The students completed
the learning disengagement scale adopted from Jang, Kim
and Reeve’s [56] questionnaire in week seventeen for the
posttest. Then, the differences among the three groups of
students regarding learning disengagement in this course
were analyzed.

Cronbach o test was also used for the overall reliabil-
ity in this subsection. The results indicate that Cronbach's
a=0.963 for cognitive load, that means the items shared
covariance (o> 0.8). That is, the measurement in this study
can be regarded as reliable.

3.4.2.4 Interviews with students To grasp students’ learn-
ing process, performance and perspectives in this research,
interviews were conducted with students at the end of the
semester (the seventeenth week) to gather qualitative data.
The researchers conducted a semi-structured interview with
students lasting for 40 min after the last class of the semes-
ter. The interviewees were a total of fifteen students chosen
randomly from the three classes (five students from each
class) to investigate their perspectives and learning expe-
riences in this online programming course, their experi-
ences during the interventions of PPP and SSMR, and with
the cloud classroom used in this study. The interview was
recorded, transcribed, and analyzed.

3.5 Analytical methods

First, the researchers applied Cronbach's o and the rotation
sums of squared loading of exploratory factor analysis to
calculate the reliability and validity of the commitment to
learning scale and learning disengagement scale. The results
indicated that the rotation sums of squared loadings value
for commitment to learning and learning disengagement are
69.786% and 72.168%, respectively, both greater than 60%.
Moreover, the Cronbach’s o values are 0.851 and 0.963,
both greater than 0.7. Accordingly, the validity and reliabil-
ity of the two scales in this study are acceptable, given that
all the values met the standard levels. Second, the authors
applied one-way ANOVA to confirm whether there are dif-
ferences in the commitment to learning or learning disen-
gagement among the three groups in the pretest. Finally, the
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independent sample #-test was applied to confirm the posttest
pairwise differences between different groups.

4 Results
4.1 Pretests

To avoid measurement bias before adopting the PPP and
SSMR learning strategies, the researchers implemented
One-Way ANOVA. According to the One-Way ANOVA of
the pretests in this study, there are no significant differences
among G1, G2, and G3 for students’ commitment to learn-
ing or learning disengagement (shown in Table 2). In addi-
tion, the teacher’s investigation of whether students had prior
related experience or learning before the experiment began
revealed that none of the students prior programming expe-
rience. According to the pretest analyses and the teacher’s
precaution, it is believed that the students who participated
in this study had equal levels of initial programming skills,
commitment to learning, and learning disengagement before
adopting the learning strategies. Therefore, this research
could exclude the potential threat of initial variance among
students.

4.2 Posttests
4.2.1 The effect of partial pair programming

To evaluate the effect of PPP, the researchers used the
independent sample #-test to explore the differences of stu-
dents’ programming skills, commitment to learning and
learning disengagement between PPP and SSMR group
(G1) and SSMR group (G2). Table 3 reveals no significant
difference in students’ programming skills, commitment
to learning and learning disengagement between G1 and
G2 (p>0.05). That is, the teaching strategy of PPP did not
significantly affect students’ programming skills, commit-
ment to learning or learning disengagement in this study.

Table 3 indicates that the PPP and SSMR group stu-
dents’ performance did not demonstrate the expected ben-
efits. To comprehend and analyze the effect of PPP, the
teacher and researchers conducted interviews with students
at the end of the semester. During the interview, one stu-
dent (S1) pointed out a potential issue with the PPP inter-
vention in practical implementation, which might be the
reason why PPP did not result in improved performance
in students’ programming skills, commitment to learning
and learning engagement.

Table2 One-way ANOVA: pretest of students’ commitment to learning and learning disengagement

Dependent variable (D Groups @ Mean difference (I-J) SE Sig 95% C1
Groups
Lower Bound Upper Bound
Commitment 1 2 —0.223773 0.130611 0.236 —0.54875 0.10121
To learning 3 —0.117051 0.1347 0.687 —-0.4522 0.2181
2 1 0.223773 0.130611 0.236 —-0.10121 0.54875
3 0.106723 0.131745 0.721 —-0.22108 0.43452
3 1 0.117051 0.1347 0.687 —-0.2181 0.4522
2 —0.106723 0.131745 0.721 —0.43452 0.22108
Learning 1 2 0.222818 0.162137 0.393 —0.1806 0.62624
Disengagement 3 0.196935 0.167212 0.502 —-0.21911 0.61298
2 1 —0.222818 0.162137 0.393 —-0.62624 0.1806
3 —0.025882 0.163544 0.988 —0.4328 0.38104
3 1 —0.196935 0.167212 0.502 —0.61298 0.21911
2 0.025882 0.163544 0.988 —0.38104 0.4328

Table 3 Comparison of students’ programming skills, commitment to learning and learning disengagement between PPP and SSMR group and

SSMR group
Dependent variable Group t df Sig (two-tailed)
PPP and SSMR group (G1) SSMR group (G2)
n M SD SE n M SD SE
Programming skills 31 7394 10.878 1.954 34 77.150 8.749 1.501 -1.317 63 0.193
Commitment to learning 31 2.608 0.511058 0.091789 34 2.887  0.711057 0.121945 —1.823 59.852 0.073
Learning disengagement 31 2511 0.613828 0.110247 34 2503  0.92236  0.158183  0.043 63 0.966
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To be honest, it seems nothing special (PPPs’ effect);
I think more group members would be better. When
there are only two members, if one student doesn’t
understand (the course content) or pays little atten-
tion to the course, the other one has to complete the
assigned tasks by herself/himself.

Despite the data shown in Table 3 and the description
in one interview stating the PPP strategy is unsuitable,
some other students pointed out an advantage with PPP. For
instance, one student (S2) expressed:

It works (PPP strategies) because if my partner easily
forgets to submit assignments, I can remind him/her.

Moreover, another student (S3) further mentioned the
strengths of PPP, giving examples such as supervising
another student within a pair:

We asked each other questions (to complete the weekly
programming tasks) and achieve the mutual effect of
supervising each other.

Based on the interview data from the PPP and SSMR
group’s students, it is believed that the PPP intervention
might benefit students’ interaction and supervision with each
other. According to the results and students’ feedback, teach-
ers and course designers who wish to apply the PPP strategy
in online programming courses should carefully consider
how to balance students’ workload, facilitate students’ adapt-
ability and their interaction.

4.2.2 The effect of socially shared metacognitive regulation

To investigate the effect of SSMR, the independent sam-
ple t-test was used to analyze the differences of students’
programming skills, commitment to learning, and learning
disengagement between the SSMR group (G2) and the con-
trol group (G3). Table 4 illustrates that the SSMR students’
programming skills and commitment to learning exhibited
significantly better development compared to the control
group (p <0.05). However, the difference of students’ learn-
ing disengagement between G2 and G3 is not significant.

For further understanding of the SSMR group students’
perspectives on the implementation of SSMR, students
were interviewed by the teacher on how the SSMR strategy
contributed to learning programming. One of the students
(S4) affirmed the effectiveness of SSMR implementation
on learning programming.

In my opinion, it is effective. Usually, (in other
courses) when you’re doing a task alone, you can’t
discuss it with others. If you don’t understand the
course content, you can only ask the teacher. How-
ever, I think discussing with teammates is better, as
it allows for a freer conversation.

According to the quantitative and qualitative data, stu-
dents can collaborate with peers in the SSMR conditions.
When students build more associations via interactive
learning, this may contribute to developing optimal pro-
gramming skills and foster the development of commit-
ment to learning.

4.2.3 The combined effect of partial pair programming
and socially shared metacognitive regulation

In order to investigate the combined effects of PPP and
SSMR on students’ programming skills, commitment
to learning and learning disengagement, the independ-
ent samples #-test was applied to compare the difference
between PPP and SSMR group (G1) and control group
(G3). Table 5 reveals that students in G1, who simultane-
ously received PPP and SSMR, developed significantly
better programming skills (p <0.05). However, the differ-
ences of students’ commitment to learning and learning
disengagement between G1 and G3 were not significant
(p>0.05). That is, the expected combined effects of the
PPP and SSMR were found on developing students’ pro-
gramming skills, but not on their commitment to learning
or learning disengagement.

Table 4 Comparison of students’ programming skills, commitment to learning, and learning disengagement between SSMR and the control

group
Dependent variable Group t df Sig (two-tailed)
SSMR group (G2) Control group (G3)
n M SD SE n M SD SE
Programming skills 34 77.150 8.749 1.501 30 65.230 17.813 3.252 3.326 41.028 0.002*
Commitment to learning 34 2.887  0.711057 0.121945 30 2.500  0.475657 0.086843 2.582 57.988 0.012*
Learning disengagement 34 2.503  0.92236  0.158183 30 2.732  0.577671 0.105468 —1.170 62 0.246

#p<0.05
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Table 5 Comparison of students’ programming skills, commitment to learning and learning disengagement between PPP and SSMR group and

the control group

Dependent variable Group t df Sig (two-tailed)
PPP and SSMR group (G1) Control group (G3)
n M SD SE n M SD SE
Programming skills 31 73.940 10.878 1.954 30 65.230 17.813 3.252 2.294 47.704  0.026*
Commitment to learning 31 2.608  0.511058 0.091789 30 2.500  0.475657 0.086843 0.856 59 0.395
Learning disengagement 31 2.511 0.613828 0.110247 30 2.732  0.577671 0.105468 —1.443 59 0.154

#p<0.05

5 Discussion and implications

During the digitalization of the twenty-first century, pro-
gramming skills have become an essential prerequisite skill
for the education sector and workplace. Thus, many nations
and educational institutions have recognized the signifi-
cance of students’ programming skills [49, 90]. However, it
is indicated that learning programming skills in the online
environment might come with some negative effects, such
as high dropout rates and disengagement [33, 34, 40, 97].
Moreover, programming is a challenging subject with high
failure levels [76]. Especially for non-information students,
programming is an unfamiliar subject and it is hard to grasp
the concepts, especially in an online environment without
prompt support from peers or teachers [65]. Furthermore,
existing literature mentions that inappropriate methods of
instruction may develop unsuitable learning styles among
students for computer programming subjects [65]. Hence,
in order to enhance students’ programming skills, educators,
institutions and researchers should emphasize re-designing
and planning programming pedagogy to align with students’
learning needs more flexibly [19, 28, 52, 97].

In a world rife with widespread health emergencies and
rapid displacement, education has undergone a rapid transi-
tion to online forms in many countries [46]. In face-to-face
learning environments, teachers can more easily guide stu-
dents’ learning progress and assist them in comprehending
complex and difficult concepts [123], notably those encoun-
tered in programming courses. While online learning amid
the COVID-19 pandemic presented challenges, it has also
been a catalyst for students to assume more responsibility
for their own learning,thus, it is necessary to explore pos-
sible approaches during such health crises [43]. Hence, the
authors argue that this study could contribute to the theory
and practice of online learning and programming education
in three different ways. Firstly, this research specifies how
teachers can apply PPP instructional method to attain the
benefits of improved interaction and regular learning hab-
its in online programming curriculum, which is brimming
with complex content and usually marked by little interac-
tion. Secondly, the adoption and implementation of SSMR
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in online instruction could facilitate students to develop
their metacognitive regulation and further enhance their
learning outcomes (such as programming skills and com-
mitment to learning) in a learning environment that may
otherwise lead to students’ digital distraction due to free
online games, social networking websites, and shopping
websites [24]. Finally, this study may be one of the early
research endeavors to demonstrate the effects of the com-
bination of PPP, SSMR, and educational technologies in a
programming course conducted online. Drawing from these
potential contributions, this study could provide references
for appropriate teaching methods for online educators, teach-
ers of programming courses, and researchers who design
online courses.

5.1 Effect of partial pair programming

In the twenty-first century, programming skills are broadly
essential in different fields and sectors, while many colleges,
education reformers, researchers, and employers deem infor-
mation literacy, programming skills, and creative thinking
as advantageous competitive abilities in the workplace
[73]. Learning programming is becoming more widespread
in institutions of higher education to meet the increasing
computing skills demand in the future [108]. Thus, for this
study, the authors adopted the PPP treatment in online pro-
gramming curriculum to enhance students’ programming
skills and commitment to learning, while reducing learning
disengagement.

In the analysis shown in Table 3, it is indicated that the
anticipated effects of PPP on students’ programming skills,
commitment to learning, and learning disengagement
were not found in this investigation. In this subsection, the
researchers attempt to explain and discuss the potential fac-
tors that led to the insignificant effects of PPP. First, it is
suggested that an experienced learner (programmer) should
serve the role as navigator in the implementation of PPP
[4]. However, as this programming course targets first-year
undergraduates from non-information departments, most
students in this course are not experienced learners [108].
It was hard to find or select an experienced programmer for
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each pair. This may be one of the reasons for the finding of
ineffectiveness of PPP in this study.

Second, the partial pair programming teaching method
emphasizes peer collaboration rather than specifying role
divisions clearly [100, 120]. However, based on qualitative
data collected via an interview with students, it is indicated
that the inequality of teamwork load often resulted in only
one student in a pair assuming responsibility for tasks, which
might have affected PPP’s collaboration function. The exist-
ing literature also indicates that unequal task load, differing
perspectives and divergent aims between members in the
partial pair groups may result in insignificant effectiveness
[27, 108].

Learning programming is challenging for novice and non-
information major students, although some students in this
study agreed with the benefit of PPP (such as interaction
and mutual supervising between peers) for learning pro-
gramming. However, students’ different levels of attention
to the course or unequal task load might have led to inef-
fective learning performance. Thus, the researchers suggest
that course designers and teachers should pay attention to
these potential factors and students’ equitable workloads,
to facilitate the use of PPP to enhance students’ learning
performance and interaction in online programming courses.

5.2 Effect of socially shared metacognitive
regulation

Since the spread of the COVID-19 pandemic, higher edu-
cation systems and institutions have been dramatically
impacted [59]. Adopting online learning became an appro-
priate approach to avoid higher disease transmission condi-
tions [71, 84]. Some negative effects, such as anxiety about
academic performance [1, 41], stress about completing a
degree [105], and even feeling loneliness or isolation dur-
ing online learning activity [79], are emphasized in recent
research. Assisting students to improve academic achieve-
ment, enhance engagement, and reduce their isolation are
priority issues for educators [108]. Therefore, in this study
the researchers applied SSMR to inspire students to learn
programming along with increasing their commitment to
learning and decreasing their learning disengagement.
According to Table 4, it is reported that students who
received the SSMR method attained significantly better
programming skills (p=0.002), as well as significantly
enhanced commitment to learning (p =0.012) when com-
pared to the non-SSMR students. These results are simi-
lar to the existing research that the SSMR strategy benefits
students’ cooperation in learning [62] and learning perfor-
mance [2]. In addition, it is also claimed that the SSMR
strategy is particularly applicable to highly demanding cog-
nitive activity [112]. In this condition, SSMR is effective for

learning complicated programming design, which verifies
the expected effect in this study.

However, through the one-semester implementation of
this study, SSMR did not achieve the expected effect of
reducing students’ learning disengagement (p =0.246).
Although SSMR could lead to positive emotional peer inter-
actions [29, 89, 115], students in online learning conditions
might decrease their emotional communication with peers
as compared with face-to-face learning [8]. In addition,
while programming is a difficult subject, once students do
not keep up with the course progress along with their peers,
they might become further disengaged, leading to inferior
performance in the course. Nevertheless, based on the study
findings, the authors still suggest that teachers of program-
ming courses could apply SSMR in their online classes to
improve students’ development of programming skills and
commitment to learning.

5.3 Combined Effect of partial pair programming
and socially shared metacognitive regulation

The researchers adopted PPP and SSMR and investigated
their combined effects on students’ programming skills,
commitment to learning, and learning disengagement in an
online programming course. In Table 5, it is shown that stu-
dents who implemented both online PPP and SSMR (G1)
had statistically significant improvement of their program-
ming skills, compared to the control group (G3) (p=0.026).
When students implement the interactive processes of
SSMR, it might be a reliable way to enhance the interaction
function of PPP. Thus, from the results of this study, the
researchers argue that implementing SSMR may facilitate
students’ accommodation to the PPP situation, and further
contribute to their programming skills.

However, the expected combined effects of the PPP and
SSMR were not found on improving students’ commit-
ment to learning (p =0.395) or learning disengagement
(p=0.154). The authors further discussed the data present
in Table 5 and surveyed the existing literature to summarize
possible factors leading to these results of ineffectiveness.
First, programming is perceived as a difficult subject with a
high failure rate [76]. For non-information majors (e.g. the
students involved in this research), programming is regarded
as complex and hard to understand, and not helpful for their
career after they graduate [108]. Thus, the non-information
majors might be hard to motivate to learn programming [28].
In addition, conflicts might occur during students’ collabora-
tion process of the teams or pairs, such as unbalanced task
load, divergent learning goals, or differing opinions [27].
The abovementioned potential factors might have led to the
ineffectiveness of combined effect of PPP and SSMR on
students’ commitment to learning and learning disengage-
ment in this research.
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5.4 Potential problems and limitations of this study

The researchers and teacher reflected on their prior teaching
practices to revamp an online programming course through
integration of PPP and SSMR with educational technologies,
then examined the effects of these interventions on improv-
ing students’ programming skills, commitment to learn-
ing and decreasing learning disengagement in this course.
Although the researchers conducted a pretest before the
study to mitigate any potential bias stemming from students’
initial differences, there are some potential limitations and
problems when attempting to draw firm research discover-
ies and conclusions. For example, it is hard to completely
avoid students’ interactions among the experimental and the
control groups during the three real courses, which might
result in a cross-contamination scenario [20]. In addition, the
Hawthorne effect may be induced when students are aware
that they are under study [20].

Moreover, it was hard for the teacher to select an expe-
rienced learner (programmer) as a navigator for each pair
in the implementation of PPP, and that further led to its
ineffectiveness in this study [108]. Future teachers who will
adopt PPP should pay attention to this problem and help stu-
dents select an experienced learner to serve as an appropri-
ate navigator for each pair. Finally, during the period of the
COVID-19 pandemic, the study environment and students’
health were both disturbed. These factors may potentially
influence the validity of results of adopting PPP and SSMR
in online, flipped, or blended courses. Teachers and course
designers should remain cognizant of the possible issues
associated with the quasi-experimental design that could
affect the reported findings and results.

6 Conclusion

The COVID-19 pandemic has led to a massive disruption of
education and has also resulted in an extraordinary number
of faculty and students engaging in online education [44,
110]. Although the Internet has become a key educational
tool, research indicates that it is often applied without rigor
of design and reflection [80]. In addition, it is currently chal-
lenging for novices to learn programming, with high drop-
out and failure rates [15], particularly for those who are from
non-information majors. To promote students’ programming
performance, the teaching strategy in online courses should
be re-designed and evaluated by teachers and researchers.
The empirical analysis of data for our first research
question, concerning the effects of online PPP, demon-
strate that its expected effects on developing students’
programming skills, commitment to learning and learn-
ing disengagement were not found. Nonetheless, some stu-
dents still affirmed this innovative teaching method (such
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as supervising each other) in the interview. Therefore, it is
suggested that programming instructors could design PPP
well and pay special attention to teamwork load equal-
ity, encouraging students to actively identify their own
issues, and become proactive learners to achieve PPP’s
good effects. With regard to the second research question
pertaining to the effects of online SSMR, it was found that
students who adopted SSMR (G2) had better development
of programming skills and commitment to learning. This
high-quality cooperation might have led to the significant
enhancement of students’ learning performance.

As for the third research question concerning the com-
bined effects of online PPP and SSMR, it was found that
students who received both PPP and SSMR (G1) simulta-
neously had significantly better programming skills than
those who did not (G3). However, combined effects of
online PPP and SSMR on improving students’ commit-
ment to learning and learning disengagement were not
found in this research. The potential reasons for the inef-
fectiveness of online PPP and SSMR (such as inexperi-
enced learner serving as navigator in the implementation
of PPP, online learning conditions may decrease students’
peer emotional communication, and the non-information
students might not be interested in learning programming)
are reported in section ‘5. DISCUSSION AND IMPLICA-
TIONS’. This research anticipated providing references
and insights for educators of programming courses and for
instructors interested in effective online teaching methods.
Therefore, in this study the researchers integrated innova-
tive teaching methods of PPP and SSMR for the online
course and explored their combined effects on developing
students’ programming skills, commitment to learning,
and reducing their learning disengagement in this online
programming course.
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