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Abstract Computer programming is a subject that requires problem-solving strategies and
involves a great number of programming logic activities which pose challenges for
learners. Therefore, providing learning support and guidance is important. Collaborative
learning is widely believed to be an effective teaching approach; it can enhance learners’
social interaction and offer a learning environment which provides rich learning experiences. However, the social interaction in collaborative learning does not occur automatically. Without proper guidance strategies or supporting tools for collaborative learning, the
learning effects can be disappointing. To solve such a problem, a problem posing-based
practicing strategy was proposed to support the development of a collaborative learning
activity in a computer programming practice course. The students were guided to raise
computer programming problems to boost the discussion among team members. The
problems raised in each team were then exchanged and solved by another team to examine
the coding and to provide feedback. To investigate the effectiveness of the proposed
approach, an experiment was conducted in a C# programming course. Two classes of
students from a university participated in the experiment. One class with 25 students was
randomly assigned as the experimental group, and learned with a collaborative learning
activity using the problem posing-based practicing strategy; the other class with 28 students was the control group, which learned with a conventional collaborative learning
activity. The results show that the proposed strategy benefited the students in terms of
improving their learning achievement, in particular, their programming skills. Moreover, it
was found that the students who learned with the proposed approach had higher self-
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efficacy and lower cognitive load than those who learned with the conventional collaborative learning approach.
Keywords Computer programming  Problem posing  Cognitive load  Team-based
learning  Self-efficacy of group learning

Introduction
Learning computer programming in teams is highly related to learning how to think
creatively, infer systematically, and communicate and collaborate effectively with peers
(Kalelioglu and Gülbahar 2014). Fostering computer programming skills is of increasing
importance and is gradually becoming one of the core objectives of undergraduate and
graduate programs in various domains, such as the software development and electronic
engineering fields. However, for students, learning to program is a difficult process,
especially for those novices without sufficient computer knowledge (Bravo et al. 2005).
Therefore, how to provide a learning strategy or cognitive tool to help students learn
computer programming is a challenging issue (Robins et al. 2003). In the past decades,
researchers have conducted many studies to boost novices’ understanding of computer
programming and increase their programming skills (Robins et al. 2003; Wang et al. 2011).
Mow (2008) pointed out that learning to program is a task with a high cognitive load, and
to have great programming skills, students need to practice repeatedly. Several researchers
have further indicated that students might lose enthusiasm and interest while programming,
especially as a result of experiencing failure and frustration (Law et al. 2010; Isong 2014;
Zhang and Yan 2014).
Learning with teamwork is deemed by educators to be a prospective approach; it can
help students get through the difficult learning tasks with the help of social interaction (Kao
et al. 2008). Several studies have shown the benefits of team-based computer programming
(Sabin and Sabin 1994; Preston 2005). On the other hand, educators have also found that,
on many occasions, learning in teams does not bring the expected social interactions;
moreover, students’ learning achievement might be disappointing due to the lack of
learning strategies (Brush 1998; Serrano-Cámara et al. 2014). Therefore, how to increase
students’ social interactions in team-based learning environments has become an important
issue.
Scholars have indicated that both cognitive and affective issues need to be taken into
account when engaging students in complex tasks such as developing computer programs
(Jonassen 2000). Regarding the cognitive issue, more complex tasks mean more cognitive
operations, and hence more working memory is required (Antonenko and Niederhauser
2010). This implies that students’ cognitive load could be a factor which affects their
programming performance. Mayer’s (1998) effort-based learning principle shows that
students’ self-efficacy could significantly affect their learning behaviors when dealing with
complex tasks; that is, they might try harder and think more deeply if they have higher selfefficacy. Therefore, when engaging students in computer programming tasks, it is
important to measure their self-efficacy and cognitive load as well as their programming
outcomes.
Consequently, in this study, a problem posing-based practicing strategy was proposed to
boost social interactions among learners in order to promote their team-based learning
performance and self-efficacy as well as reduce their cognitive load when learning computer programming. Moreover, an experiment was conducted in a C# programming course
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to investigate the effectiveness of the proposed approach. During the learning activity, the
team members took the programming tasks given by the teacher as a reference and started
to pose problems collaboratively to design a new programming task. They then collaborated to complete the task. The teacher examined the results and gave feedback. Following
that, the tasks were exchanged among teams; that is, each team tried to solve the tasks
proposed by other teams. They then started a code review activity (i.e., examining the
programs developed by others), and the teacher examined their tasks as well as the review
results.

Literature review
Computer science education
Computer science education is considered as a fundamental curriculum at all levels of
schooling around the globe (Gordon and Brayshaw 2008). In computer science courses,
students are required to learn not only the basic knowledge of computers, but also the skills
of using computers to deal with practical problems, such as the operation of computer
application software and the development of computer programs (Esteves et al. 2011;
Soloway 1993).
Scholars have indicated that computer programming is a problem-solving task that
usually involves some semantically rich areas, meaning that it requires a great amount of
domain knowledge and expertise to complete the task (Brooks 1983; Piteira and Costa
2013). In particular, the algorithm aspect of computer programming is highly related to
learners’ problem-solving skills (Papert 1980; Fessakis et al. 2013). For example, DiSessa
and Abelson (1986) indicated that in the programming activity, students need to analyze,
organize, convey, and evaluate their thoughts. Therefore, educators have emphasized the
need to promote students’ higher order thinking awareness in programming courses rather
than just teaching them to memorize the programming code or instructions (Hawi 2010;
Blignaut and Naude 2008).
In the past decades, researchers have helped learners gain computer programming skills
via different paths, including building the theories of cognitive processing and understanding for computer programming (Brooks 1983), analyzing how programming novices
learn from a psychological angle (Winslow 1996), evaluating the affective factors in
learners’ programming learning (Hawi 2010), and providing strategies, tools, and environments for learning (Hadjerrouit 2008; Esteves et al. 2011; Wang et al. 2011; Shaw
2012). Rogalski and Samurçay (1990) pointed out that gaining and enhancing knowledge
in programming is a highly complex process, which involves cognitive activities and
mental representations; such cognitive activities and mental representations have relations
with programming design, understanding, adjustment, and testing. Mow (2008) indicated
that programming is a task with a heavy cognitive load which requires students to practice
many times in order to master it. Moons and de Backer (2013) also reported the importance
of taking cognitive load into account when designing supporting mechanisms for computer
programming. Researchers have further expressed that students might lose enthusiasm and
interest in the process of learning to program, especially when experiencing failure (Law
et al. 2010). Uysal (2014) emphasized that students’ first programming experience could
affect their interest in and willingness to take programming courses. Therefore, when
designing activities for learning to program, it is important to provide learning support for
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students to increase their learning participation and reduce their cognitive load (Yang et al.
2015).

Collaborative learning
Collaborative learning means two or more people learn, or attempt to learn, something
together, including knowledge, skills, abilities, and so on. It is usually seen as a process
whereby people would be helped to finish a certain target or a product with designated
goals (Serrano-Cámara et al. 2014). The term ‘‘collaborative learning’’ describes a scenario
in which people hope that certain interactions would occur, and this would trigger the
mechanism of group learning. In the past 10 years, researchers have reported the results of
collaborative learning applied in different courses, such as writing (Wichmann and
Rummel 2013), English (Rick et al. 2002; Law et al. 2015), natural science (Sung and
Hwang 2013), and computer programming (Serrano-Cámara et al. 2014; Bravo et al. 2013;
Preston 2005). Research has confirmed that collaborative learning encourages learners to
use higher level cognitive strategies, critical thinking, in-depth learning and understanding,
and positive attitudes towards learning and peers; such a learning approach provides them
with a more open and flexible way to collaborate with their peers (Wang and Lin 2007;
Laal and Ghodsi 2012; Laal et al. 2013). Meanwhile, researchers also believe that collaborative learning is an effective method to help learners solve difficult learning tasks with
the support of peer interaction (Wang and Lin 2011).
However, the benefits of collaborative learning only appear in positive and well-functioning teams. Merely dividing students into learning groups cannot guarantee an effective
collaborative learning activity (Soller 2001). Therefore, how to provide learning strategies,
tools, and an environment to boost learners’ social interaction is the key to their success.

Problem-posing and code review
Problem-posing refers to the cognitive activity in which a new problem is posed with a
given question or certain situation; it also includes the process of problem solving to
reform the problem (Lavy and Bershadsky 2003). The problem-posing strategy is a
learning strategy which engages students in posing problems based on the issue specified
by the teacher during the learning process; such a strategy has been widely applied in
mathematics courses (Silver 2013; Shuk-kwan 2013; Singer and Voica 2013; Unal and
Arikan 2015). In recent years, researchers have also implemented this strategy in other
courses (Casagrande et al. 1998; Hung et al. 2014). For instance, they have adopted the
problem-posing strategy to guide students to learn about local culture in a collaborative
learning environment, with the results indicating that the strategy can effectively increase
both the learning effects and group learning self-efficacy (Sung et al. 2016).
Many studies have shown that the problem-posing strategy can promote learners’
curiosity regarding a certain concept, which is beneficial for knowledge construction and
critical thinking ability improvement (Moses et al. 1990). Researchers have also found that
when the teacher adopts the problem-posing strategy in school settings, the students
usually more actively engage in creating and solving their problems, and hence have better
learning performance (Barlow and Cates, 2006).
Furthermore, code review is an activity which engages students in examining programming code. It was originally proposed by Fagan (1976) in the field of software
engineering to examine the quality of computer software (Mantyla and Lassenius 2009;
Liu et al. 2001). The successful application of code review in software engineering has
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encouraged educators to use it as a learning strategy in computer science education (Wang
et al. 2012). For instance, Wang et al. (2012) indicated that engaging students in peer code
review could significantly improve their learning outcomes, including computer programming skills, collaborative learning, code norms, time management, and so on.
In this study, a problem posing-based practicing strategy was proposed to help learners
experience collaborative learning in the practice of programming. The strategy is proposed
based on the theories of constructivism and collaboration (Merrill 1991; Yakimovicz and
Murphy 1995), and aims to engage students in higher order thinking activities, as indicated
by Bloom (1994). During the learning process, the problem-posing strategy with follow-up
code review tasks was used to promote the learners’ involvement and interactions in the
collaborative learning tasks. The theoretical basis of the approach can be further explained
by the social constructivist theory, which emphasizes the role of social interactions in the
learning process (Vygotsky 1962). Vygotsky indicated that knowledge is co-constructed;
that is, students learn from interacting with peers. Therefore, he highlighted the importance
of engaging learners in a process in which they can learn from each other and receive
comments or assistance from peers. Au (1998) pointed out the effectiveness of applying the
theory to school settings; for example, teachers can design learning activities to encourage
those students who know the learning tasks and content better to work with those who do
not.
In order to investigate the effectiveness of the proposed approach, an experiment was
conducted in a C# programming course to answer the following research questions:
1.

2.

3.

Compared to conventional collaborative learning: Can collaborative learning with the
problem posing-based practicing strategy significantly improve learners’ learning
achievement?
Compared to conventional collaborative learning: Can collaborative learning with the
problem posing-based practicing strategy significantly improve learners’ self-efficacy
of group learning?
Compared to conventional collaborative learning: Can collaborative learning with the
problem posing-based practicing strategy significantly lower learners’ cognitive load?

Problem posing-based practicing strategy for training computer
programming skills
The online team-based learning environment with the problem posing-based practicing
strategy was developed by integrating the Wiki function module in the Moodle learning
management system. The learning environment allowed each team of students to edit and
provide comments; in addition, it recorded each version of the edited results to enable the
students to compare and see the changes between different versions.
In this study, the teacher used the grouping function to divide the students into learning
teams. Besides, the teacher assigned two teams to work as a pair to exchange the programming tasks and conduct the coding review. Each team had two Wiki pages, one for
problem-posing and the other for code review. Take Team i and Team j as an example; the
problem-posing page for Team j was only visited by the members of Team j, but the code
review page for Team j could be visited by the members of both Teams i and j. Each team
needed to complete two programming tasks on these two pages: one was designed by
themselves, and the other was designed by the other team. For instance, the members of
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Team i not only posed a new programming task and provided the answer on the problemposing page, but were also asked to complete the task proposed by Team j.
Figure 1 presents the application of the problem posing-based practicing strategy for
Team i and Team j. When the students logged into the system and found their own group,
they started posing problems on the problem-posing page.
There are five steps in the problem-posing activity. In the first step, the team members
reviewed the learning contents based on the examples and problem-posing requirements
provided by the teacher. The examples and learning contents given by the teacher for Team
i and Team j were different. For instance, in Fig. 1, the content that Team i needed to pose
problems for was an abstract class in C#, while for Team j, the students needed to pose
problems about the interface of C#.
In the second step, after fully understanding the knowledge and the task requirements,
the team members linked what they had learned with their life experience and voiced their
opinions to settle the topic of the programming task. They then discussed the details of the
task. For instance, the problem that Team i needed to pose was about an abstract class.
They chose to calculate the area of a shape as the topic and requested to calculate the area
of a circle and a sphere in their derived class. After posing the most preliminary problem,
the team members entered the content of the task into the problem-posing page, as presented in Fig. 2. In should be noted that the learning content and system interface were in
Chinese.

Team j

Team i
Log in

Log in

Log in

Step 1
Review learning contents based on the
examples and problem-posing
requirements.

Step 1
Review learning contents based on the
examples and problem-posing
requirements.

Step 2
Pose the preliminary problems.

Step 2
Pose the preliminary problems.

Step 3
Gradually ﬁnish problem-posing based
on the teacher’s feedback.

Step 3
Gradually ﬁnish problem-posing based
on the teacher’s feedback.

Step 4
Finish the preliminary answers to the
problem.

Step 4
Finish the preliminary answers to the
problem.

Step 5
Give a thorough answer based on the
teacher’s feedback.

Step 5
Give a thorough answer based on the
teacher’s feedback.

Problem-posing stage
Team i
Give answers to the
tasks posed by Team j.

Problem-posing stage
Team j
Team j and Team i
correct each other’s
answers and give
feedback.

Give answers to the
tasks posed by Team i.

Between-team interacons
Fig. 1 Problem posing-based practicing strategy mechanism for Team i and Team j
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Problem-posing requirements
from the teacher

History record
Eding funcon
for students

Outline of the
curriculum page

Result from student A

Comment funcon
for the teacher

Examples given
by the teacher

Student B gives comments on and
correcons to Student A’s result.

Fig. 2 Problem-posing page

In the third step, after the team members had finished the preliminary problem-posing,
using the comment function in Wiki, the teacher gave feedback for correction, checking the
discreteness and difficulty level of the task, and if the posed problem met the requirements.
The students subsequently worked together to improve the task based on the teacher’s
comments, using the Wiki collaboration function.
In the fourth step, after posing the programming task, the team members needed to
complete the task. They could work on the programming alone and then collaborate to
reach the final answer. It could also be conducted by having one member enter the coding
and letting others do the corrections. No matter which way they decided to collaborate,
they all needed to discuss the problem and reach a consensus. The history function in Wiki
recorded the editing process for each member. As shown in Fig. 2, Student B could adjust
the contents written by Student A and the system would record the adjustment for the users
to compare the two versions.
In the fifth step, the teacher gave feedback on the programming, such as the correctness
of the solution process and the code norms. The team members then adjusted the programming based on the suggestions given by other groups. Meanwhile, the teacher went
around the class to observe the situation. Once each group had finished the problem-posing
stage, it went on to the code review stage.
In the code review activity, two matched groups exchanged their programming tasks.
For instance, Team i would put their task about abstract class on Team j’s code review
Wiki page, while Team j would put their task about the interface on Team i’s code review
Wiki page. Then, the members of the two groups worked on each other’s tasks. After
finishing the tasks, the two groups gave each other feedback. If the results were too diverse,
the students could discuss them and the teacher could also make comments.
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Methodology
Learning materials
To evaluate the effectiveness of the problem posing-based practicing strategy, a quasiexperiment was conducted in a C# course. This course requires students to gain C# objectoriented programming knowledge (i.e., knowing how a computer program works and the
syntax of the programming language) and programming skills (i.e., knowing how to
analyze a task and develop a program for dealing with the task). The object-oriented
concept is closely linked to the real world by providing several features in programming,
such as ‘‘encapsulation,’’ ‘‘inheritance,’’ and ‘‘polymorphism’’ (Winslow 1996).

Participants and design
A quasi-experiment was adopted, and the participants were 53 sophomores (second year
students) from two classes at a university located in eastern China. The learning activity
was conducted in a C# programming course. They had already studied C programming in
their freshman year and knew the procedure-oriented programming method. One class with
25 students (5 males and 20 females) was assigned to be the treatment group and the other
class with 28 students (6 males and 22 females) was the control group. The ratios of male
and female students for the two groups were very close; that is, 20 and 80% for the
treatment group, and 21 and 79% for the control group. The students in both groups were
majoring in Educational Information Technology, and had an average age of 20. All of the
students in the treatment group and the control group were taught by the same teacher who
has 15 years of teaching experience. During the quasi-experiment, the students’ personal
information was hidden so as to protect their privacy; moreover, they were informed that
joining the experiment was voluntary and would not affect their grades, and they were
allowed to withdraw from the experiment at any stage. It should be noted that in the
department of Educational Information Technology in many Asian countries, the students
need to take courses in both computer technology and educational technology.
In this experiment, through the implementation of the problem posing-based practicing
strategy in the collaborative learning activity, learners were guided to link the programming learning with the real world to cultivate their problem-solving conceptions in the real
world and to enhance their object-oriented programming thinking. Meanwhile, compared
to conventional collaborative learning, whether such an approach can improve students’
learning was observed, in terms of learning achievement, cognitive load, and self-efficacy
for group learning.

Experimental procedure
Figure 3 presents the experiment process. Before the learning activity, all of the students
were instructed by the same teacher for 7 weeks in the C# programming course, including
the basic syntax and class of C#. Then, all of the students took a pre-test and completed a
pre-questionnaire. The purpose of the pre-test was to evaluate the students’ prior knowledge of C# programming and programming skills, while the pre-questionnaire included an
assessment of the students’ self-efficacy for group learning.
Following that, all of the students received the instruction on the ‘‘inheritance’’ concept
in C# programming with corresponding examples for 2 weeks. Then, the treatment group
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Control Group
(n=28)

Preliminary learning
Basic syntax and class of C#
Programming knowledge and skill pre-test
Basic syntax and class of C#
Pre-questionnaire
Self-efficacy of group learning

60 mins

Instruction on Inheritance and Polymorphism of C#

2 weeks

7 week

10 mins

Programming design practice Programming design practice 5 weeks
with conventional
with problem posing-based
collaborative
learning
collaborative learning
Learning achievement post-test
Inheritance and polymorphism of C#
Post-questionnaire
Self-efficacy of group learning and cognitive load

80 mins
10 mins

Fig. 3 Experimental design of the learning activity

and the control group learned with the two different teaching strategies in the coming
5 weeks.
The students in the treatment group learned with the problem posing-based practicing
strategy, using the Wiki page in Moodle to engage in the collaborative problem-posing and
code review activities. During the learning activity, the members of the treatment group
were requested to finish two programming tasks on inheritance, one of which was proposed
by the team members, based on the examples given by the teacher in class, while the other
was proposed by the other matching team.
On the other hand, the students in the control group were guided to complete the
learning tasks in teams with the conventional collaborative learning approach. After logging into the Moodle system and collaborating with their team members via discussion,
they directly completed two programming tasks given by the teacher, and then submitted
their results. The teacher then gave feedback on the students’ programs and provided
example programs to them. The students then reviewed the code provided by the teacher,
and examined and corrected their own programs by referring to the feedback provided by
the teacher and the example programs. Following that, the teacher answered the questions
raised by the students. Such a collaborative learning approach had been employed in the
selected school for years.
After the learning activity, a post-test and a post-questionnaire were conducted. The
content of the post-test included inheritance and polymorphism of C#, while that of the
post-questionnaire included group learning self-efficacy and cognitive load.
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Measuring tools
The measuring tools in this study were composed of the pre-test and post-test of learning
achievement, the pre-questionnaire of self-efficacy for group learning, and the postquestionnaire of self-efficacy for group learning and cognitive load.
The purpose of the pre-test was to evaluate whether the students in both the treatment
group and the control group met the same minimum standard for learning the programming
knowledge and skills, while that of the post-test was to investigate whether any difference
existed as a result of the two groups of students adopting different learning strategies.
There were 14 multiple-choice items (70%) and one design item (30%) in the pre-test, and
8 multiple-choice items (40%) and two design items (60%) in the post-test, both with a
perfect score of 100. The multiple-choice items aimed to test the students’ C# programming knowledge, while the design items were to test the students’ problem-solving programming skills. Both the pre-test and the post-test were designed by two experienced
teachers, each with 15 years of programming teaching experience. The Cohen’s kappa
coefficients of the scores graded by the two teachers were 0.97 and 0.98 for the pre-test and
post-test, respectively, showing high consistency between their grading.
The self-efficacy of the group learning questionnaire was adopted from the one
developed by Wang and Lin (2007), which was revised from the original questionnaire of
Pintrich et al. (1991). There were eight items in the questionnaire, which was used to test
the individuals’ judgement of group ability and the evaluation of the group ability for the
upcoming tasks, such as ‘‘I am certain I can understand the most difficult material presented in the readings for this course’’ and ‘‘I am confident I can understand the basic
concepts taught in this course.’’ A 5-point Likert scheme was used, with 5 representing
Strongly agree, 4 representing Agree, 3 representing Neutral, 2 representing Disagree, and
1 representing Strongly disagree. The Cronbach’s alpha value for the self-efficacy of group
learning is .93, showing good internal consistency of the items, as indicated by Christmann
and van Aelst (2006) and Sijtsma (2009).
The cognitive load questionnaire was modified by Hwang et al. (2013) based on the
cognitive load measures proposed by Paas (1992) and Sweller et al. (1998). It includes two
dimensions, mental load (e.g., ‘‘The learning content in this learning activity was difficult
for me’’ and ‘‘I had to put a lot of effort into answering the questions in this learning
activity’’) and mental efforts (e.g., ‘‘The instructional way in the learning activity was
difficult to follow and understand’’). The former refers to the intrinsic cognitive load
caused by the difficulty or large amount of the learning content, while the latter refers to
the extraneous cognitive load caused by the teaching strategy (i.e., the way the learning
content is organized and presented). There are five items for mental load and three for
mental efforts. A 7-point Likert scheme was adopted for each item, with 7 representing
Strongly agree and 1 representing Disagree. A higher value means that the students have
higher cognitive loading in the learning process. The Cronbach’s alpha values for the two
dimensions are .92 and .84, respectively.
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Results
Analysis of learning achievement
The analysis of covariance (ANCOVA) was employed by using the pre-test scores as the
covariant, the post-test scores as the dependent variable, and the learning approach as the
independent variable in order to investigate whether the treatment and control groups
showed significant differences in their learning achievements by excluding the interaction
effects of the pre-test.
The test of the homogeneity of regression coefficients on the two groups’ pre-test scores
showed that the homogeneity of variance was not violated with F = 0.000 and
p = 0.998 [ 0.05. Following that, ANCOVA was then conducted on the two groups’ posttest scores by excluding the impact of the pre-test scores, as shown in Table 1. The results
show that there was a significant difference in the scores of the students who adopted the
different learning strategies for collaborative learning (F = 5.09, p = 0.028 \ 0.05), with
the treatment group scoring higher than the control group. Therefore, it is concluded that
the problem posing-based practicing strategy used in collaborative learning can significantly improve students’ learning achievement compared with conventional collaborative
learning. The Eta squared value g2 = 0.09 implies a medium to large effect size.
To further investigate the effects of the different collaborative learning strategies on the
students’ learning of programming knowledge and programming skills, the scores for the
multiple-choice items and design items in the pre- and post-tests were analyzed.
The test of the homogeneity of regression coefficients on the two groups’ pre-test scores
of programming knowledge and skills showed that the homogeneity of variance was not
violated with F = 0.68 (p = 0.42 [ 0.05) and F = 0.32 (p = 0.57 [ 0.05), respectively.
That is, ANCOVA can be used to compare the two groups’ scores of programming
knowledge and skills.
Table 2 shows the ANCOVA results of the two groups’ programming knowledge and
skills. It can be seen that the adjusted mean scores of the post-test for the multiple-choice
items in the treatment group and the control group were 25.77 and 24.52, respectively,
meaning that with the different collaborative learning strategies, the students still had
similar basic knowledge of C# (F = 0.686, p = 0.41 [ 0.05). On the other hand, the
ANCOVA results showed that the adjusted mean scores of the post-test for the design
items in the treatment group and the control group were 32.46 and 24.31, meaning that
with the different collaborative learning strategies, a significant difference was reached in
the design items of the post-test score, with the mean score of the treatment group higher
than that of the control group (F = 5.67, p = 0.021 \ 0.05). The Eta squared value
g2 = 0.1 implies a medium to large effect size.

Table 1 The ANCOVA result of the learning achievements post-test for the two groups
Group

N

Mean

SD

Adjusted Mean

SE

F

g2

5.09*

0.09

Treatment group

25

57.88

15.48

57.85

2.83

Control group

28

49.11

17.27

49.14

2.68

* p \.05
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Table 2 The ANCOVA result of the programming knowledge and skills post-test for the two groups
Variance

Group

Programming knowledge
Programming skill

N

Mean

SD

Adjusted mean

SE

F

g2

0.69

0.01

5.67*

0.10

Treatment

25

25.77

5.72

25.75

1.09

Control

28

24.52

5.50

24.51

1.03

Treatment

25

32.08

12.47

32.46

2.49

Control

28

24.64

14.65

24.31

2.35

* p \.05

Analysis of cognitive load
An independent t test analysis was conducted on the post-questionnaire of cognitive load,
as presented in Table 3. It can be seen that the mean score of cognitive load for the control
team was 4.66, while that for the treatment group was 3.70, meaning that the students who
learned with the problem posing-based practicing strategy had significantly lower cognitive
load than the students in the control group (t = 2.69, p = 0.01 \ 0.05). The Cohen’s d is
0.75, showing a medium to large effect size.

Analysis of self-efficacy of group learning
ANCOVA was employed by using the pre-questionnaire ratings as the covariant, the postquestionnaire ratings as the dependent variable, and the learning approach as the independent variable in order to investigate whether the treatment and control groups showed
significant differences in their group learning self-efficacy by excluding the interaction
effects of the pre-questionnaire ratings.
The test of the homogeneity of regression coefficients on the two groups’ pre-questionnaire ratings of self-efficacy of group learning showed that the homogeneity of variance was not violated with F = 0.453 with p [ 0.05. ANCOVA was then conducted on the
post-questionnaire ratings of self-efficacy of group learning. Table 4 shows the results for
the two groups. It can be seen that the adjusted mean scores for the treatment group and the
control group were 4.18 and 3.76, meaning that the treatment group significantly improved
their self-efficacy of group learning, compared to the control group (F = 4.90,
p = 0.03 \ 0.05). The Eta squared value g2 = 0.09 implies a medium to large effect size.
The results showed that the students learning with the problem posing-based practicing
strategy collaborative learning showed better self-efficacy for group learning than those
learning with the conventional approach. This result matches the result that the treatment
group students had higher learning achievement and lower cognitive load.

Table 3 Independent sample t test of the cognitive loads of the two groups
Group

N

Mean

SD

t

p

d

Treatment

25

3.70

1.21

2.69*

0.01

0.75

Control

28

4.66

1.39

* p \.05
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Table 4 The ANCOVA result of the self-efficacy of group learning post-test for the two groups
Group

N

Mean

SD

Adjusted mean

SE

F

g2

4.90*

0.09

Treatment

25

4.20

0.50

4.18

0.14

Control

28

3.74

0.77

3.76

0.13

* p \.05

Discussion and conclusions
A problem posing-based practicing strategy was proposed in this study. The results present
that, compared to conventional collaborative learning, the problem posing-based practicing
strategy can significantly improve students’ programming skills and group learning selfefficacy, while also lowering their cognitive load.
In terms of learning achievement, some studies showed that learners can gain positive
learning achievement by having course content-related learning tasks and guiding them to
actively engage in construction, creation, and reflection activities to promote peer interaction as well as their problem-solving abilities (Lai and Hwang 2015; Hardy et al. 2014;
Auttawutikul et al. 2014). It is inferred that the problem-posing with follow-up code review
activities was in line with the social constructivist theory, which emphasizes the impacts of
social interactions on students’ cognitive process. In this study, the aim of the proposed
approach was to engage learners in a process whereby they could learn from each other and
receive comments or assistance from their peers. Such an approach offered the treatment
group students not only opportunities to deal with the problems raised by their peers and to
receive comments from their peers, but also to review their peers’ work, which situated
them in a learning environment to learn from each other. Such an activity reinforced the
learners’ active participation and responsible attitude towards engaging in learning. Furthermore, the code review activity improved the learners’ interaction and gave them a
chance to reflect on and reinforce their understanding of programming problems and
coding. As indicated by Wang et al. (2012), engaging students in peer-review tasks enables
them to reflect on and reinforce their understanding of the learning content. In the learning
process of the problem posing-based practicing strategy, the learners continued participating in the interaction of knowledge construction, problem creation, problem solving,
comment giving, and reflection. This might be the reason why the treatment group outperformed the control group in terms of learning achievement.
In terms of cognitive load, Antonenko and Niederhauser (2010) indicated that, in
addition to intrinsic load and extraneous load, germane load also contributes to the total
load caused by learning materials or tasks. They also indicated that, while germane load
improved cognition and learning, extraneous load did the opposite owing to the limitations
caused by the learning design. In this study, after teacher instruction in the control group,
the students followed the programming tasks given by the teacher to find the answer;
following that, they reviewed their own programming code as well as the feedback and
standard answer provided by the teacher to correct their code. On the other hand, the
students in the treatment group were provided with example tasks at the beginning of the
learning activity. With such scaffolding, they could pose a problem within a certain
knowledge range and collaborate to solve it. During the process, the learners were not
limited to one single task and could be more actively engaged and creative, which can meet
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the goal-free effect of cognitive load. This might be the reason why the treatment group
was able to have not only better learning achievement, but also lower cognitive load. The
study of Antonenko and Niederhauser (2010) also supports this point; that is, the goal-free
effect allows learners to express themselves without limitation, triggers creation, and hence
lowers their cognitive load and helps them achieve meaningful learning (Sweller
1994, 2010).
It should be noted that there are several limitations to this study. First, the sample size of
the participants was not large, and hence the findings cannot be generalized to represent the
cases with a large number of learners. Second, in the present study, the proposed approach
was applied to the selected units of the programming course for 7 weeks; therefore, the
impacts of the strategy cannot be generalized to all of the computer programming units.
Third, the effect sizes for the statistical results of cognitive load and self-efficacy were not
large, implying that the generalization of the findings in these dimensions is limited. In
addition, in the proposed strategy, it is assumed that the learners have equivalent basic
programming knowledge for posing problems in the first stage as well as reviewing peer
work in the second stage. For other courses in which learners are from different departments with different levels of basic knowledge or skills, additional considerations and
treatments could be required.
For future research, it is suggested that long-term experiments with large sample sizes
are required. It is also worth applying the strategy to other computer programming units to
investigate its impacts from different aspects, such as the tendencies of collaboration and
communication in team-based programming.
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