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INTRODUCTION 

Computer Programming is among the more challenging and daunting of courses in computer science. This is because, 
when learning computer programming, students need analytical, logic, mathematics and problem-solving skills, as well 
as knowledge of the programming language syntax [1]. Because of these skill requirements, learning computer 
programming increases the cognitive load [2]. 

The difficulty of computer programming is one of the seven challenges that students confront in the study of computer 
science and the instructional strategy needs to take this into account to improve learning outcomes [3]. The concept of 
programming is the foundation for thinking and communicating about computer programming [4]. Conceptual 
understanding is also a key aspect of learning [5], since learners employ conceptual understanding when solving 
problems. Weaknesses in understanding the basic concepts of programming cause difficulty for students in computer 
programming. 

Understanding is obtained when students are able to relate and integrate newly acquired knowledge with what they have 
previously learned. In learning, it is important to emphasise the conceptual understanding, which serves as the 
foundation for using knowledge [6]. Learning outcomes reflect Bloom’s taxonomy of cognition, specifically cognitive 
dimension 2 (C2) and cognitive dimension 3 (C3). The learning outcomes that were measured in this research included 
student capability for presenting, classifying, grouping, summarising, comparing and explaining the concept of 
programming.  Meanwhile, the conceptual application was based on Bloom’s cognitive process dimension involving 
implementation and execution of programs. This also includes a student’s capacity to apply programming concepts. 
For instance, when learning recursion, learners should then be trained with problems related to the concept of recursion, 
such as the base case and Hanoi tower. 

Instructional design is a suitable strategy by which to teach students to solve programming problems. A problem-
solving method increases the cognitive load for learners [7], but allows learners to solve basic problems. However, 
when exercises are complex, they can cause an excessive cognitive load and lead to frustration. Collaborative problem 
solving can ease the cognitive load of an individual. Learning collaboratively is more effective than individual learning 
for problem solving [7]. 

A learner’s problem-solving skills can be improved significantly by collaborative instructional learning [8]. 
Collaborative instructional learning can boost students’ confidence, increase their involvement, and improve their 
attitude, as well as developing co-operation skills when working in a team, which will be useful for future professional 
work [9].  
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A collaborative problem-solving instructional strategy involves two or more participants. Collaborative problem solving 
is an important 21st Century skill and a key success factor [10]. To optimise collaborative problem solving, students’ 
conceptual understanding must be strengthened. Scaffolding can be used to improve a learner’s conceptual 
understanding of computer programming. Scaffolding produces a preliminary structure as a foundation, which helps 
build understanding [11][12]. This approach helps learners to acquire computational concepts by providing a structure 
for the student to build on. 

One of several strategies to promote learning is called advance organiser (AO). The AO model assists instruction by 
providing a conceptual structure and information assimilation [13]. The AO is a pedagogical tool that supports the 
progressive differentiation of knowledge during learning and the integrative reconciliation of knowledge to bridge 
students’ current knowledge and the knowledge they might need in the future [14]. 

The AO is very useful in a situation where the learner has not attained relevant conceptual knowledge by the time 
material is presented to the learner [15]. The use of AO improves the learning outcomes for computer programming 
[16]. In this research, AO was combined with problem solving regardless of a learner’s characteristics, such as 
cognitive style and motivation, which also affects learning outcomes. It was found through this research that AO could 
improve learning outcomes [16-25]. 

To achieve learning outcomes, it is crucial to choose an instructional strategy, which takes into account the cognitive 
style of the learner. Learners with different cognitive styles can have different learning processes, which results in 
different learning outcomes. Cognitive style is defined as a psychological construction related to the preferred way 
an individual processes information [26] and it is classified into field-dependent and field-independent categories [27].  

Cognitive style is closely related to the choice of instructional strategy and so, there exists a correlation between 
cognitive style and instructional strategy [28]. Learners with a field-independent learning style have more potential to 
succeed in learning computer programming, while learners with a field-dependent learning style need additional support 
to learn computer programming [29-32]. Cognitive style has a more significant correlation with learning during the 
design stage than during the coding stage [33][34]. 

There have been previous studies of instructional strategy in computer programming. However, there are few studies 
that examine the impact of instructional strategy collaborative problem solving and cognitive style on learning. 
This research was conducted to study the effectiveness of collaborative problem solving with advance organiser and 
cognitive style on conceptual understanding and conceptual application. The following hypotheses were examined: 

Hypothesis 1: there is a significant difference in the conceptual understanding of computer programming between 
a group of students with advance organiser-assisted collaborative problem solving (CPS with AO) and a group of 
students with collaborative problem solving without advance organiser (CPS without AO). 

Hypothesis 2: there is a significant difference in conceptual application between a group of students with CPS with AO 
and students with CPS without AO. 

Hypothesis 3: there is a significant difference in the conceptual understanding of computer programming between 
a group of students with field-dependent cognitive style (FD-CS) and a group of students with field-independent 
cognitive style (FI-CS). 

Hypothesis 4: there is a significant difference in the conceptual application of computer programming between a group 
of students with FD-CS and students with FI-CS. 

Hypothesis 5: there is an interaction between instructional strategy (CPS with AO and CPS without AO) and cognitive 
styles (FD-CS and FI-CS) and the conceptual understanding of computer programming. 

Hypothesis 6: there is an interaction between instructional strategy (CPS with AO and CPS without AO) and cognitive 
styles (FD-CS and FI-CS) and the conceptual application of computer programming. 

RESEARCH METHOD 

Experimental Design 

The research design was quantitative with a quasi-experimental pre-test/post-test approach with non-equivalent control 
and experimental groups [35]. The independent variables in the research were two types of instructional strategy, 
viz. advance organiser-assisted collaborative problem solving and collaborative problem solving without advance 
organiser. The dependent variables were conceptual understanding and conceptual application. In addition, studied in 
this research were several moderator variables (dependent field and independent field). 
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Research Subjects 

The research involved two groups of students: an experimental group (class) and a control group (class). The subjects of 
the study were students of Information Technology Engineering of STMIK Bumigora Mataram, West Nusa Tenggara. 
The number of students involved was 82, with 40 students in the control group and 42 students in the experimental group. 

Treatment Procedure 

In the research, there were two treatment models for the two classes, i.e. experimental and control. The experimental 
class was treated using advance organisers-assisted collaborative problem solving, while the control class received 
treatment in the form of collaborative problem solving without advance organisers. Student grouping in the study was 
based on the instructional strategies used and the students’ cognitive style. 

The treatment procedure is presented in Table 1. The treatment was done seven times, in addition to one pre-test and 
one post-test. The programming materials used in the study include: 

1) branching structures;
2) loop structures;
3) arrays;
4) recursion.

Table 1: Learning treatment procedures. 

Step Collaborative problem-solving strategy (CoPS) Advance organiser (AO)-assisted CoPS 
1 Lecturers select groups (two per group) Lecturers select groups (two per group) 
2 Lecturer assigns tasks through practical worksheet (LKP) Lecturer assigns tasks through practical 

worksheet (LKP) 
3 Without AO Lecturer gives course introduction using AO 
4 Students work on the tasks in groups through the 

following stages: identify the problem, problem 
representation, compile the algorithm, implement the 
algorithm (coding/program), record all co-operation 
processes/discussions 

Students work on the tasks in a group through 
the following stages: identify the problem, 
problem representation, compile the algorithm, 
implement the algorithm (coding/program), 
record all co-operation processes/discussions 

5 Conclusion Conclusion 

Research Instrument  

Three types of instrument were used to measure the research variables; namely: 

1) cognitive style test;
2) concept comprehension test;
3) concept application ability test.

Students’ cognitive style was measured using the group embedded figure test (GEFT) [27] that distinguishes two 
cognitive styles: field-independent and field-dependent. This test was performed before the subjects were treated 
together with the pre-test. 

The measurement of conceptual understanding and conceptual application was carried out using a comprehension test 
on computer programming conceptual understanding and conceptual application developed by the researchers. 
The result of the test was then discussed with the lecturers of the computer programming course. The test of concept 
comprehension and test of concept application ability were administered in the form of test essays. Problems in the 
pre-test and post-test were different, but had equal levels of difficulty. 

In order to maintain the validity and reliability of the instrument developed by the researchers, every question item in 
the pre-test and post-test was measured using content validity. Content validation of the concept comprehension test and 
concept application ability test were performed by three content learning experts who have expertise in the field of 
computer science and informatics. The content learning experts used an instrument, which consisted of: lattice 
questions; concept comprehension tests; application programming concept tests, and assessment rubrics for review and 
validation. The reliability test used Cronbach’s alpha coefficient and was performed using SPSS software. 

FINDINGS 

An analysis requirements test was conducted to determine the parametric feasibility prior to hypothesis testing. 
The analysis requirement test for univariate or multivariate analysis consists of normality and homogeneity tests. 
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Conceptual understanding and application scores from the statistical test result output table indicated that its significant 
value (probability) for advance organiser-assisted collaborative problem solving (CPS with AO) was 0.380 (p > 0.05) 
and for collaborative problem solving without advance organiser (CPS without AO) was 0.220 (p > 0.05). It means that 
in both sets of data, the score value of conceptual understanding and conceptual application of computer programming 
(post-test) in the experiment and control classes had a normal distribution. 

Based on the Levene test result, the significance value for conceptual understanding was 0.089, which is higher than 
alpha 0.05 (p > 0.05). This leads to the conclusion that the variance of conceptual understanding data was homogenous. 
The same applies to the conceptual application data, the significance value of which was 0.184, higher than alpha 0.05 
(p > 0.05). It can be inferred that the variance of conceptual application data was homogenous. 

Presented in Table 2 the mean value of conceptual understanding for the experimental class (CPS with AO) was 51.36, 
higher than the control class (CPS with AO) of 42.24. The mean value of conceptual application in the experimental 
class was 82.64, which was higher than the control class of 69.79. 

Table 2: Mean value of conceptual understanding and application for the control and experimental classes based on 
instructional strategies. 

Dependent variable Instructional strategies Mean Std error 95% Confidence interval 
Lower bound Upper bound 

Concept value post Control (CPS without AO) 

Experiment (CPS with AO) 

42.24 

51.36 

2.073 

1.950 

38.112 

47.479 

46.365 

55.241 
Application value post Control (CPS without AO) 

Experiment (CPS with AO) 

69.79 

82.64 

1.804 

1.697 

66.200 

79.261 

73.384 

86.017 

Analysis 

Presented in Table 3 are the results of a MANOVA 2 x 2 analysis on the influence between factors based on 
instructional strategies (CoPS with AO and CoPS without AO) and cognitive style on conceptual understanding and 
application. 

Table 3: Tests of between-subjects effects. 

 Source         Dependent variable Type III sum of 
squares df Mean square F Sig. 

Corrected model Conceptual understanding 
Conceptual application 

10449.133a 
9326.708b 

3
3

3483.044 
3108.903 

22.274 
26.240 

0.000 
0.000 

Intercept Conceptual understanding 
Conceptual application 

169197.126 
448746.807 

1
1

169197.126 
448746.807 

1082.005 
3787.568 

0.000 
0.000 

Instructional strategies Conceptual understanding 
Conceptual application 
 

1606.847 
3187.585 

1
1

1606.847 
3187.585 

10.276 
26.904 

0.002 
0.000 

Cognitive style Conceptual understanding 
Conceptual application 
 

6809.426 
3541.466 

1
1

6809.426 
3541.466 

43.546 
29.891 

0.000 
0.000 

Instructional strategies* 
Cognitive style 

Conceptual understanding 
Conceptual application 

1.942 
523.996 

1
1

1.942 
523.996 

0.012 
4.423 

0.912 
0.039 

Error Conceptual understanding 
Conceptual application 
 

12197.146 
9241.352 

78 
78 

156.374 
118.479 

Total Conceptual understanding 
Conceptual application 
 

197585.362 
483578.695 

82 
82 

Corrected total Conceptual understanding 
Conceptual application 
 

22646.279 
18568.061 

81 
81 

 Note: S = significant; NS = not significant; α = 0.05 

DISCUSSION 

In Table 3, it is shown that conceptual understanding had F = 10.276 with a significance of 0.002, which is lower than 
alpha 0.05. This shows that there was an effect of CPS with AO and CPS without AO on the conceptual understanding 
of computer programming. In addition, there was a significant difference in the mean value of the conceptual 
understanding of computer programming, where students who learn using CPS with AO had a higher mean at 51.36 
(see Table 2) than those who learn using CPS without AO at 42.24. Therefore, CPS with AO is better than CPS without 
AO in improving students’ conceptual understanding of computer programming. Moreover, the conceptual application 
of computer programming in Table 3, F = 26.903 with a significance value of 0.000 is lower than alpha 0.05. 
This means that there was a significant effect of CPS with AO and CPS without AO on conceptual application. 
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There was also a significant difference of the mean value of the conceptual application of computer programming, 
where students who learn using CPS with AO had a higher mean than those who learn using CPS without AO, which 
were 82.64 and 69.79, respectively (see Table 2). Therefore, CPS with AO is superior compared to CPS without AO in 
helping students in the application of computer programming. The result is in accordance with several previous research 
results on the use of advance organisers and their influence on learning outcomes [21][35]. Indicated by the research 
results, the advance organisers could strengthen the cognitive structure and facilitate learners’ acquisition of new 
material [14]. In addition, Mayer found advance organisers effective in improving learning outcomes [15]. 

The F statistic value for the conceptual understanding of computer programming based on cognitive style was 43.546 
with significance value of 0.000, which is lower than alpha 0.05. There was a significant difference on conceptual 
understanding between the students who had a field-dependent (FD) cognitive style and students who had a field-
independent (FI) cognitive style. Students with field-independent (FI) cognitive style had better conceptual 
understanding of computer programming than those with a field-dependent (FD) cognitive style. This finding is 
supported by the significant difference on post-test mean values of conceptual understanding with field-dependent (FD) 
cognitive style, which was 36.55, and field-independent (FI) cognitive style, which was 57.35. 

Referring to Table 3, the F value for the conceptual application based on field-dependent (FD) and field-independent 
(FI) cognitive styles was 29.890 with a significance value of 0.000, which is smaller than alpha 0.05. Therefore, there 
was a significant difference on the conceptual application of computer programming between students who have a field-
dependent (FD) cognitive style and students who have a field-independent (FI) cognitive style. This result was 
supported by post-test mean values for students with a field-independent (FI) cognitive style of 83.99 that was higher 
than those students with a field-dependent (FD) cognitive style, which was 67.80. The results show that students who 
have a field-independent learning style can achieve better conceptual understanding and application than those who 
have a field-dependent learning style. This finding is in line with the findings of several previous studies, which found 
that cognitive style influences learning outcomes [36]. The finding also supports the claim that students need the 
appropriate cognitive style to succeed in programming [37] and that learning programming requires some prerequisites 
[38]. Cognitive style influences computer programming learning [32].  

In Table 3, it is shown that there was no significant difference on conceptual understanding of computer programming 
between the students with CPS with AO and cognitive style (field dependent FD and field independent FI) and the 
students with CPS without AO and cognitive style. For this case, F = 0.012 with significance value of 0.912, which is 
higher than alpha 0.05. The mean value of conceptual understanding of the students with CPS with AO was higher than 
those who have field-dependent (FD) or field-independent (FI) cognitive style. The MANOVA test results indicate 
there was no interaction effect between CPS with AO and CPS without AO with field-dependent (FD) and field-
independent (FI) cognitive styles on students’ conceptual understanding of computer programming. There are many 
internal characteristics that affect learning, such as motivation, self-regulation learning, self-efficacy and metacognition. 

In Table 3, it was shown that there was an interaction effect between CPS with AO and CPS without AO, with field-
dependent (FD) and field-independent (FI) cognitive styles on students’ conceptual application of computer 
programming; F = 4.423 with significance value of 0.039, which is lower than alpha 0.05. In other words, students with 
CPS with AO and CPS without AO with field-dependent and field-independent cognitive styles had a different value 
for the conceptual application of computer programming. 

The post-test mean value of conceptual application of computer programming for students with CPS with AO and field-
dependent (FD) cognitive style of 78.84 was lower than that for students with CPS with AO and field-independent (FI) 
cognitive style of 86.80. In addition, the post-test mean value for conceptual application of computer programming for 
students with CPS without AO and field-dependent cognitive style was 60.42, which was lower than that for students 
with CPS without AO and field-independent cognitive style of 79.17. 

The MANOVA test result indicated that there was an interaction effect between CPS with AO and CPS without AO 
with cognitive styles (field-dependent and field-independent) on students’ conceptual application of computer 
programming. This finding agrees with previous research results that cognitive style and instructional strategy 
significantly influence the knowledge of learners who have field-independent characteristics and they show better 
knowledge in the field of integrated science than do learners who have field-dependent characteristics [31]  

CONCLUSIONS 

The following conclusions may be drawn from the discussion: 

1. Advance organisers-assisted collaborative problem-solving instructional strategy is better in improving conceptual
understanding than without advance organisers.

2. Advance organisers-assisted collaborative problem-solving instructional strategy is better in improving conceptual
application than without advance organisers.

3. Students who have a field-independent learning style have better post-test results for the conceptual understanding
of computer programming than students who have a field-dependent learning style.
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4. Students who have a field-independent learning style have better post-test results on the conceptual application of
computer programming than students who have a dependent learning style.

5. There was no interaction effect between CPS with AO and CPS without AO with field-dependent (FD) and field-
independent (FI) cognitive styles for students’ computer programming conceptual understanding.

6. There was an interaction effect between CPS with AO and CPS without AO with field-dependent (FD) and field-
independent (FI) cognitive style on students’ computer programming conceptual application.
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