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ABSTRACT 
 
This study investigated the effects of using visualization tools in programming instruction on student 
success and motivation. The study also sought to determine courses that significantly correlate with 
elementary school students’ programming success. Two experimental groups participated in the 
study. One group used a flowchart model tool; the other used a narrative tool. The groups’ success 
at using variables, conditions and loops (a programming function that iterates a statement or 
condition based on specified boundaries) were compared. Results revealed that there was no 
difference on using variables but that there were significant differences between using conditions 
and loops and using narrative tools. There was no difference between the groups’ motivation. The 
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courses which significantly correlate with students’ algorithm development success are Turkish, 
math, English, and information technologies. 
 

 

Keywords: Visualization tools; programming instruction; academic achievement. 
 

1. INTRODUCTION 
 
Programming courses have become prevalent 
because they are important parts of computer 
literacy as well as contributors to professional 
competence; it is known that these types of 
courses are useful for the development of 
students’ analytical thinking and problem solving 
skills [1,2]. Similarly, the importance of 
algorithmic thinking is emphasized in the ACM 
(Association for Computing Machinery) 
curriculum, developed for K-12 computer 
sciences courses [3]. For these reasons, 
introductory programming courses are added to 
the primary and elementary education 
curriculums in various countries [4]. A software 
program titled Lego Mindstorms, providing 
programming in order to effectuate the required 
commands by a robot in programming courses, 
is being used in schools in Taiwan [3] and in 
Korea, where the decision was made to carry out 
changes in informatics curriculums of elementary 
schools in 2010 and high schools in 2011.  
According to recent studies, it is necessary to 
carry out these changes in order to enable 
primary school students to understand the 
algorithms [5]. In India, the programming 
education starts with the teaching of basic 
conceptions by the use of the LOGO 
programming language at the 3rd class level, 
and subsequently, the aim is for the students to 
draw flow diagrams step-by-step and learn to 
write programs at a basic level with the BASIC 
language until the end of the 8th class [6].  In 
Israel and Canada, the courses with relation to 
the programming teaching are given in high 
schools [4]. 

 
In Turkey, the aim of teaching students skills in 
developing algorithms and allowing them to find 
suitable solutions to problems is stated among 
the objectives of the course of information 
technologies for elementary education. 
According to Arabacıoğlu, Bülbül & Filiz [7], the 
programming education in Turkey is given with 
theoretical methods; however, the literature 
shows that the theoretical methods are not 
effective [8,9]. On the other hand, according to 
the research it is important to give examples that 
can teach the programming logic and solving 
problems with computational thinking, instead of 

teaching certain programming language codes 
[10-14].  
 

Many studies, and the experiences of a large 
number of teachers, agree that learning to 
program is not easy [15,16]. To improve the 
teaching and learning environment, development 
of appropriate learning aids is therefore highly 
relevant [16]. In recent years, many tools have 
been proposed to reduce the programming 
learning difficulties felt by many students [17,18]. 
For this purpose visualization tools are designed 
in order to develop students’ algorithm 
development skills. According to Cooper et al. 
[19], visualization tools are novice programming 
environments, providing a visual interface in 
which programs are constructed using simple 
gestures, such as drag and drop Such 
visualizations can serve as conceptual models 
that help learners construct viable programming 
knowledge [18]. Moreover, the research 
emphasizes the effect of visuality and interaction, 
used in the software, on student success and 
motivation [7,8,11,16,18,20-23]. 
 

The researchers have laid out classification of 
software visualization tools for use in introductory 
programming education and explained their 
characteristics [18,24,25]. There are various 
opinions about which of these tools should be 
used at the initial stage of the programming 
course. Some of the researchers claim that the 
tools having a flow chart model are appropriate 
for the beginners [17,26,27]. Some others, 
however, argue that narrative tools are more 
convenient in this respect [12,28]. Bravo et al. 
[29], indicated that the tools helping the formation 
of algorithm by means of a character may 
facilitate students’ comprehension and analysis 
of the program A previous study by Ramadhan 
[14], carried out with university students, 
indicated that the support of visual tools has a 
positive effect on student success in relation to 
condition and loop Rößling [15], stated that the 
approaches which allow placement of objects 
make understanding the dynamic behavior of 
algorithms and data structures easier. The 
researchers found out that this approach 
increases student motivation. According to the 
research results of Lahtinen, Ahoniemi and Salo 
[30] the necessity of visualization tools increases 
as the complexity of problems increases.  
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A comparative analysis shows improvement in 
student performance when using image 
processing.  Shesh [31], claims that the image 
processing approach can be fit to courses for 
other majors where programming is considered 
useful but not critical.  Burneo et al. [32] claim 
that it is possible to foster a degree of basic skills 
acquisition and stimulate creativity in grade 
school students by incorporating Scratch. 
Hyeonjin et al. [1], examined the new roles of 
teachers for efficiency and innovation and stated 
that new approaches, focusing on thinking skills 
rather than technical skills, helped teachers to 
develop adaptive expertise.  
 
Leiva and Salas [33] claim that using a game-
based approach helped to foster collaboration, 
participation, motivation and student creativity. 
Therefore, using Scratch would be useful for 
teaching programming to novice students. 
Results revealed that these tools, if effectively 
used, can improve students’ alertness and 
interest in the subject, and ultimately produce 
positive results [34]. According to 
Kalogeropoulos et al. [35], the actual programing 
abilities of the students are better evaluated 
using computer-based assessment tests. Using 
visualization tools such as Scratch should be an 
appropriate way of evaluating programming 
abilities. Zeeman [36], states that implementation 
of Scratch at the first-year level could serve to 
bridge the gap between the schooling system 
and university in terms of the development of 
critical thinking-skills. 
 

However, the studies conducted on this subject 
are performed at university level and remain 
deficient in determining whether the visualization 
tool would conform to the needs of elementary 
education students. Therefore, it is important to 
examine required ways and methods by which 
the programming education can be conducted for 
elementary school students. Under these 
circumstances, it is important to discover which 
visualization tools will benefit elementary school 
students who are learning the basics of 
programming. 
 

Another point where the research remains 
insufficient is that the studies, made with relation 
to programming education, are not provided in 
consideration of the student level. Likewise, 
because matters related to programming have 
been newly added to the elementary education 
curriculum in various countries worldwide, the 
number of examples that can be studied 
according to the ages and levels of students is 

limited [3,4,5]. In this context, it is important to 
emphasize the selection of a visualization tool 
suitable for elementary education on the one 
hand, and on the other develop the methods 
needed to enhance student success and 
motivation. 
 
Getting to know the factors affecting the success 
of students in programming will help educators or 
instructors to orient the students towards related 
departments. According to the research, there is 
a positive correlation between students’ 
academic success generally and their success in 
a university programming course [37].  In various 
studies, significant positive correlations were 
found between the students’ programming 
success and mathematics achievement [10,38-
41]. Furthermore, research has shown that 
problems in learning programming concepts are 
correlated with problem solving skills and the first 
language of the student [15]. Some studies 
showed a positive significant relationship 
between the success of the students in their 
English classes and in programming [42,43]. 
However, the research results of Jones and 
Burnett [44] found no correlation between 
English or foreign language success and 
programming success. The research is far from 
being sufficient to determine the effect of 
academic success of the students, especially 
those starting with programming, on their 
programming success. Therefore, there is need 
to research whether for elementary school 
students who haven’t taken a programming 
course before their success in information 
technologies, Turkish, math and English, predicts 
their programming achievement. 
 

1.1 Purpose 
 

The main purpose of the study is to compare 
narrative tools with flowchart model tools, which 
are both used in the programming education 
given within the information technologies course, 
in terms of student success and motivation. The 
research also aims to determine the effect of 
academic success on success in developing 
algorithms. The following hypotheses are tested 
within the scope of the research.  
 

1. When the students using flowchart model 
tools are compared with the students using 
narrative tools, in terms of their success 
using variables, there will be a significant 
difference in favor of the students using 
flowchart model tools. 
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2. When the students using flowchart model 
tools are compared with the students using 
narrative tools, in terms of their success 
using condition and loop, there will be a 
significant difference in favor of the 
students using narrative tools. 

3. When the students using flowchart model 
tools are compared with the students using 
narrative tools in terms of their motivation, 
there will be a significant difference in favor 
of the students using narrative tools. 

4. There is a meaningful positive correlation 
between the academic success of the 
students in their information technologies, 
math, Turkish, and English courses and 
their success in developing algorithms. 

5. The academic achievements of the 
students in their information technologies, 
math, Turkish (L1), and English (L2) 
courses predict their achievement in 
algorithm development in a significant 
manner.   

 

2. MATERIALS AND METHODS  
 

The study, which used an experimental and 
correlative survey model, was conducted with 
two experimental groups. In the research, a post-
test experimental model was used for comparing 
the effect of the visualization tools on algorithm 
development success of the students, and a pre-
test post-test experimental model was used for 
determining the effects of visualization tools on 
their motivation. 
 

In the study, a correlative survey model was 
used for determining the relation between the 
algorithm development success and academic 
success of the students. The students who took 
part in the study groups were distributed by a 
random method. One of the groups 
(Experimental Group 1) used the flowchart model 
tool and the other (Experimental Group 2) used 
the narrative tool. The student groups were 
exposed to the tools for eight weeks. The study 
was done in a computer laboratory and was 
administrated by the researcher. Relevant 
applications pertaining to the value assignment, 
loop, condition, and basic conceptions were 
made by having the experimental groups use 
different visualization tools. An example of such 
applications is described in Appendix A. The 
students who participated in the study group 
were distributed by a random method. A pre-
knowledge test (Appendix B) was given in order 
to determine whether the groups were equal in 
their algorithm development success. 

At the end of applications, the results of two post-
tests (Appendix C, Appendix D) were used in 
order to compare the effects of the two 
visualization tools on algorithm development 
success. In order to increase the reliability of 
results, paper-based (Appendix C) and the 
computer-based test (Appendix D) were applied 
and the results of these tests were used. Thus, 
researchers tried to determine whether the 
results of these two examinations were affecting 
each other. Furthermore, in order to determine 
the effect of the visualization tools on the 
motivation of students, the motivation test 
developed by Özerbaş [45], was applied twice, 
before and after the application, and then results 
were compared with each other.    
 

2.1 Research Population 
 

The study group of the research consisted of 84 
students who had taken programming education 
in elementary school. Participants in this study 
were elementary school students ranging in age 
from 12 to 14.  The students were novice 
programmers. The students who participated in 
the study group were distributed by a random 
method. The study groups were distributed as 
shown Table 1.  
 

2.2 Research Instruments 
 

For the study, data were collected on the pre-
knowledge test, motivation measurement, two 
post-test exams, and the average of students’ 
grade points. A list containing the targeted 
behaviors was prepared in order to ensure the 
content validity of the pre-knowledge test, and 
post-tests; then four separate computer teachers 
were required to evaluate whether questions 
measured these target behaviors. For this 
purpose, a list containing the targeted behaviors 
to be measured by the questions was given to 
the teachers, and each of the teachers was 
required to write the question number next to the 
target behaviors. All tests used in this research 
were applied in students' native language, then 
translated into English in order to use in this 
article.  
 

2.2.1 Pre-knowledge test 
 
The pre-knowledge test, developed by the 
researcher (Appendix B), was used in order to 
determine whether the groups that used different 
visualization tools were equal in terms of 
algorithm development success.  At the end of 
the validity study of the scope of pre-knowledge 
test, consistency between results of the 
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evaluation carried out by four teachers was 
determined to be 87.5%. In order to estimate the 
reliability of the questions given in the test, a 
further consistency reliability analysis was 
conducted, based on Cronbach's Alpha test, 
using SPSS. The alpha coefficient showed the 
internal consistency to be 0.73. 
 

2.2.2 Motivation scale 
 

The motivation scale, developed by Özerbaş [45] 
was applied in order to determine the motivation 
for learning. The entire scale consists of 30 
Likert-type expressions, 15 positives and 15 
negatives. Each item in the measurement scale 
was assessed by a five-point Likert scale. A total 
greater than 90 points in the results, is a sign of 
positive behaviors and points under this number 
are sign of negative behaviors. The validity and 
reliability study of this motivation scale was 
carried out by Özerbaş [45]. Factor analysis was 
used for the structure validity, and Cronbach’s 
Alpha reliability value of the tool was calculated 
as 0.88. 
 

2.2.3 Paper-based test (Post-Test) 
 

The researchers developed the post-test to 
assess the success of students’ algorithm 
development at the end of application (Appendix 
C). The examination on paper consisted of 16 
questions and was evaluated based on a 
maximum score of 100. At the end of the validity 
study of the scope of the paper-based test, 
consistency between results of the evaluation 
carried out by four teachers was determined to 
be 93.75 %. The internal consistency coefficient 
of the test (Cronbach’s alpha) was calculated to 
be 0.80. 
 

2.2.4 Computer-based test (Post-Test) 
 

The Computer-based test (application exam) was 
used to evaluate the success of students in 
algorithm development after the completion of 
application (Appendix D). Five questions were 
asked in the exam, held at the computer lab, and 
the exam was evaluated based on a maximum of 
100 points. The application exam was held in 
order to increase the reliability of the study. At 
the end of the validity study of the scope of the 

computer-based test, consistency between 
results of the evaluation carried out by four 
teachers was determined to be 90%.The internal 
consistency coefficient of the test (Cronbach’s 
alpha) was calculated to be 0.76. 
 
2.2.5 Grade point average (GPA) of students 
 
The data related to the grade point average of 
the students participating in the study groups 
were acquired from school entries. The GPAs 
(Grade Points Average) were those of their 
courses that were completed in the previous 
period.  
 

2.3 Material Used 
 

Cooper et al. [19] defined narrative tools as 
environments of interactive animation, which are 
used for introducing novices to programming. 
According to research, flow model tools construct 
programs by connecting program elements in a 
fashion that represents the order of computation 
and specialized output realizations. In this 
research, the applications were carried out using 
Fcpro and Scratch visualization tools. During the 
study, the activities (Appendix A), carried out 
using both of these tools were prepared and 
applied by the researchers.  
 

2.3.1 Scratch  

 
The Scratch tool used during the research is a 
narrative tool for making a story out of an 
algorithm, developed in order to teach the 
programming to the students. With the help of 
Scratch, the students are able to take the 
feedbacks of the codes that they created by the 
drag-and-drop method in a visual manner. The 
display (screen) image of the Scratch software is 
shown in Fig. 1. 
 

2.3.2 Fcpro 
 

The Fcpro tool that is used in the research is a  
flow chart model tool ensuring the creation of an 
algorithm by bringing the codes through the drag-
and-drop method. The screen image of the Fcpro 
tool is shown in Fig. 2.  

 

Table 1. Numbers and percentage distributions of the students of the study groups 
 

Groups Tools Number of students Percentage % Sex 
Female Male   

Exp. Group 1 Flow chart model 42 50 21 21 
Exp. Group 2 Narrative 42 50 21 21 



 

Fig. 1. S
 

Fig. 2. Screen image of the Fcpro tool
 

3. FINDINGS 
 

Before beginning this research, the question 
whether the students constitute equal groups 
both in terms of algorithm development success 
and motivation was considered. The following 
findings were obtained. 
 

3.1 Pre-Application Findings 
 
According to the result of the Shapiro
made in order to determine whether the study 
groups were equal in algorithm development 
success, the groups displayed a normal 
distribution (p > .05).  The pre-knowledge test 
points were compared through an independent 
sample t-test; the results of which are shown in 
Table 2. The pre-knowledge test showed no 
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Fig. 1. Screen image of the scratch software 

 
 

Fig. 2. Screen image of the Fcpro tool 

Before beginning this research, the question 
whether the students constitute equal groups 
both in terms of algorithm development success 

ered. The following 

According to the result of the Shapiro-Wilk test, 
made in order to determine whether the study 
groups were equal in algorithm development 
success, the groups displayed a normal 

knowledge test 
points were compared through an independent 

test; the results of which are shown in 
knowledge test showed no 

significant differences between the group 
successes [t(82) = .33, p > .05]. 
 

At the beginning of the study, the groups which 
showed a normal distribution with respect to 
algorithm development success were tested in 
order to determine whether the groups were also 
equal in terms of motivation. According to the 
result of the Shapiro-Wilk test, the groups 
displayed a normal distribution (p > .05).  The 
pre-test results of the groups have been 
compared through independent sample t
The results are shown in Table 3. 
 
There was not a significant difference between 
the groups’ motivation pre-test results [t(82) = 
1.50, p > .05] at the end of the independent 
sample t-test. In this case, it is possible to say 
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significant differences between the group 

At the beginning of the study, the groups which 
showed a normal distribution with respect to 
algorithm development success were tested in 
order to determine whether the groups were also 
equal in terms of motivation. According to the 

ilk test, the groups 
displayed a normal distribution (p > .05).  The 

test results of the groups have been 
compared through independent sample t-test. 

 

There was not a significant difference between 
test results [t(82) = 

1.50, p > .05] at the end of the independent 
test. In this case, it is possible to say 
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that the study groups were equal in both 
motivation and pre-knowledge. 

 
3.2 Post-Application Findings  

 

Hypothesis 1: When the students using 
flowchart model tools are compared with the 
students using narrative tools, in terms of 
their success on the use of variables, there 
will be a significant difference in favor of the 
students using flowchart model tools. 

 

According to the result of the Shapiro-Wilk test, 
applied to questions in the post-test that 
pertaining to the variables the exam results of the 
students using both visualization tools show 
normal distribution (p > .05). The results of the 
independent sample t-test, also applied to the 
questions in the post-test that pertained to the 
variables are shown in Table 4. According to 
these results, there was no a significant 
difference on the use of variables between        
the groups [t(82) = 1.65, p > .05], [t(82) = 0.71,     
p > .05]. 
 

Hypothesis 2: When the students using 
flowchart model tools are compared with the 
students using narrative tools, in terms of 
their successes on the use of condition and 
loop, there will be a significant difference in 
favor of the students using narrative tools. 

 

According to the result of the Shapiro-Wilk test, 
applied to the questions on the post-test that 
pertained to the condition and loop expressions, 
the exam results of the students using both 
visualization tools show normal distribution        
(p > .05).  
 

At the end of the research, the results of the 
independent sample t-test pertaining to the both 
paper-based and computer-based examination 
questions, which were made in order to increase 
the reliability of the post test results, are shown in 
Table 5. Table 5 shows that according to the 

independent sample t-test results there was a 
significant difference in favor of the students 
using narrative tools on the use of both condition 
and loop expressions ([t(82) = 2.57, p < .05], 
[t(82) = 2.02, p < .05], [t(82) = 4.17, p < .05], 
[t(82) = 7.09, p < .05].  
 

Hypothesis 3: When the students using 
flowchart model tools are compared with the 
students using narrative tools in terms of 
motivation, there will be a significant 
difference in favor of the students using 
narrative tools. 

 
3.3 Comparison of the Groups’ Motivation 

Pre-Test and Post-Test Points 
 
For the comparison of the pre-test and post-test 
points for the two groups on the motivation 
preliminary test, the Shapiro-Wilk test was given 
to ensure that the motivation post-test results 
displayed normal distribution, which they did (p > 
.05). A dependent samples’ t-test was used to 
determine the correlation between the motivation 
preliminary test points and motivation post-test 
points of the students. The results of the 
dependent samples’ t-test, are shown in Table 6. 

 
When the results of the motivation pre-test and 
post-test were compared through dependent 
samples’ t-test, the result showed a significant 
difference in favor of the post test results [t(83) = 
2.54, p < .05]. 

 
3.4 Comparison of the Motivation Post-

Test Points of the Groups 
 

An independent sample t-test was applied in 
order to compare the motivation post-test results 
of the groups. The results are shown in Table 7. 
The independent sample t-test determined that 
here was no significant difference between the 
groups [t(82) = .455, p > .05]. 

 
Table 2. T-test results relating to the pre-knowledge test scores 

 

Gender N X SS Sd T p 
Female 42 34.83 22.71 82 .33 .74 
Male 42 36.36 18.93 

 

Table 3. Independent sample t-test results relating to the motivation pre-test results 
 
Tools N X SS Sd T p 
Flowchart model 42 103.09 12.97 82 1.50 .14 
Narrative 42 98.33 16.01 

*p<.05 
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Table 4. The results of the independent sample t-test relating to the post-tests 
 

Post-test Tools N X SS Sd t p 
Paper-based Flowchart model 42 7.40 3.55 82 1.65 

 
.10 
 Narrative 42 8.54 2.76 

Computer-based Flowchart model 42 45.04 7.86 82 0.71 .47 
Narrative 42 46.26 7.55 

*p<.05 
 

Table 5. The results of the independent sample t-test relating to the to the post-tests 
 
Post-test Tools N X SS Sd t p 
Paper-based Condition Flowchart model 42 12.54 7.21 82 2.57 .01 

Narrative 42 16.28 6.06 
 
Loop 

Flowchart model 42 11.14 5.26 82 
 

2.02 
 

.04 
 Narrative 42 13.40 4.97 

Computer- 
based 

Condition Flowchart model 42 13.07 3.40 82 4.16 .00 
Narrative 42 15.85 2.68 

 
Loop 

Flowchart model 42 11.61 3.29 82 7.09 .00 
Narrative 42 16.19 2.58 

*p < .05 
 

Table 6. The results of the paired sample t-test for the comparison of the motivation pre-test 
and post-test points of the groups 

 

Motivation N X S Sd t p 
Pre-test 84 100.71 14.68 83 2.54 .01 
Post-test 84 105.35 15.76 

*p < .05 
 

Table 7. The results of the independent sample t-test relating to the motivation post-test 
results of the groups 

 

Tools N X S Sd t p 
Flowchart Model 42 106.14 16.41 82 .45 .65 
Narrative 42 104.57 15.24 

*p < .05 

 
Hypothesis 4: There is a meaningful 
correlation in a positive direction between the 
academic success of the students in their 
information technologies, math, Turkish and 
English courses and their success in 
algorithm development. 

 
The grade point averages (GPAs) scored by the 
students in their post-test examinations, are used 
to determine which courses have a correlation 
with the programming achievement of the 
students in this part of the research. First of all, 
the Kolmogorov-Smirnov test was used to 
determine whether the exam results and course 
grades displayed normal distribution. The test 
showed that post-test averages and GPAs of the 
information technologies, math, Turkish and 
English courses of the students displayed normal 
distribution (p > .05). A Pearson correlation test 

was used to determine the correlation between 
the students’ academic achievements in the 
courses of information technologies, math, 
Turkish and English and post-test point averages 
in algorithm development. The results of the 
correlation test, made in this respect, are shown 
in Table 8. 
 
Table 8 shows that there is a significant 
correlation between the algorithm development 
post-test averages and students’ success in 
information technologies, math, Turkish and 
English courses (p < .050). In the table it appears 
that there is a positive significant correlation at 
relatively high level between the post-test 
averages and academic achievements in the 
English course, following the correlation test for 
the academic achievements and post-test results  
(r = .74, p < .05). Furthermore, it is also detected 
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that a there is a positive significant correlation at 
a medium level between post-test results and the 
academic achievements of the students in the 
courses of Turkish (r = .66, p < .05), math           
(r = .60, p < .05), and information technologies    
(r = .55, p < .05). 
 

Table 8. The results of the Pearson 
correlation test for independent variables and 

algorithm development post-test average 
 

Algorithm development post test average   

 R P 

Information technologies .55 .00 

Turkish .66 .00 

Math .60 .00 

English .74 .00 

 
Hypothesis 5: The academic achievements 
of the students in their information 
technologies, math, Turkish and English 
courses predict their algorithm development 
achievements in a significant manner. 

 
Multi-regression analysis was conducted in order 
to determine variables predicting the 
programming achievement. The results of this 
analysis are shown in Table 9. 
 

Table 9. Variables predicting the 
programming achievements 

 

Variables Β T P 

Constant 21.57 4.30 .00 

Information technologies .16 1.51 .13 

Turkish .16 1.68 .10 

Math -.02 -.22 .82 

English .34 3.84 .00 
R = 0.76, R

2
 = .57; F = 26.77, p = 0.00 

 
The achievements in the information 
technologies, math, Turkish and English courses, 
which were hypothesized to predict the algorithm 
development achievement, have a positive 
significant correlation at a medium level with the 
algorithm development achievement (R = 0.76, 
R2 = 0.57, p < .01). The results showed that the 
contribution of the predictor variables accounted 
for 57% of total variance over the algorithm 
development achievement. The order of 
predictive variables according to the 
standardized regression coefficient (β) is as 
follows: English (.34), Turkish (.16), information 
technologies (.16), and math (.02).  
 

4. DISCUSSION 
 

In this study, the effects of using visualization 
tools in programming instruction on student 
success and motivation were investigated. The 
study also sought to determine courses that 
significantly correlate with programming success. 
 

At the end of the research, no significant 
difference was found between the achievements 
of the students using flowchart model tools and 
students using narrative tools on the use of 
variables. Although the studies examined in the 
literature indicate that the flowchart model is 
more useful in teaching basic conceptions at the 
beginning level of programming education [26, 
27] these studies were designed for university 
students, a different target group which is 
different than elementary school students both in 
age group and preliminary knowledge. These 
differences may be the cause of the difference 
between the results of the present study and the 
results of the studies examined in the literature. 
   
According to another outcome of the research, a 
significant difference is found in favor of the 
students using narrative tools on the condition 
and loop utilization. It is possible that the reason 
for this difference is that using animation to aid 
visualization of the condition and loop 
expressions can facilitate the comprehension 
and retention of these concepts. Bravo et al have 
emphasized this topic and indicated that tools 
that use a character to aid students in creating 
algorithms can help the students to understand 
and analyze programs [29]. This outcome, 
obtained in the research, supports the research 
that emphasizes the effect of visual elements 
and interaction in software on student 
achievement [7,8,11,14].  
 

According to another outcome obtained from the 
research, there is no significant difference 
between the motivations of the students using 
narrative tools and those of students using 
flowchart model tools, whereas previous 
research claims that the use of graphics and 
animation in software is more effective in 
increasing the interest of the students in courses 
[11,14,21-23].  Therefore, it appears that the 
narrative tool increases the motivation of 
students more than the flow chart model tool. 
This may be because the tools that make a story 
out of the algorithm are more visual and more 
attention distracting for the elementary education 
students. However, the motivation post-test 
results at the end of the research did not show 
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the predicted difference. When the motivation 
pre-test and motivation post-test points are 
compared, it is observed that there is a 
significant difference in favor of the post-test 
results; as a consequence, the visualization tools 
used in this context increase the motivation of 
the students.  This outcome may be interpreted 
to mean that the students have not conducted 
any activity in advance with these types of tools 
and the visualization tools may be more 
interesting for them. Perhaps if the visual tools 
are used for longer periods, they may increase 
the importance of visualization for students and 
increase their motivation.   
 
Another outcome of the research shows that a 
significant positive correlation exists between the 
students’ algorithm development achievements 
and their academic achievements in information 
technologies, math, Turkish, and English. This 
outcome supports the study on this subject, 
which indicate that students’ experience using 
computers affects their achievements in 
programming [37]. When the studies carried out 
in this context are examined, it was expected that 
a correlation at a high level will exist between the 
achievements of students in the information 
technologies course and their achievements in 
algorithm development; however, this research 
resulted in no such relationship at the expected 
level. This outcome may be due to the content of 
information technologies courses, which may not 
have presented the concepts and definitions of 
programming in a comprehensive manner.  
 
The outcome of the research showing that there 
is a significant correlation between math course 
achievements and programming achievements 
coincides with the outcomes of studies carried 
out at the related university level. These studies 
show a significant positive correlation between 
achievement in math and achievement in 
programming [38-41,46,47]. The outcome 
obtained in this research may be explained by 
the fact that the comprehension and 
interpretation of the questions requiring a simple 
mathematical process and skills in developing 
appropriate solution proposals to the questions 
have effects over the algorithm development.  
The outcome of the study indicating that there is 
a significant correlation between the 
achievements of the students in the Turkish 
(mother tongue) course and in programming may 
be explained by the fact that the Turkish course 
achievements contribute to the comprehension of 
questions pertaining to the algorithm 
development and their interpretations. 

The outcome indicating that there is a significant 
correlation between the English (foreign 
language) achievements and the programming 
achievements of the students supports the 
research result of Nowaczyk [42]. The correlation 
between English and algorithm development 
achievement in the findings of this research may 
be explained by the fact that the commands for 
algorithm development are mostly in English, so 
students who do well in English can understand 
these commands more easily.  
 
This study showed that the academic 
achievements of the students in math, 
information technologies, Turkish, and English 
courses predict algorithm development 
achievements in a significant manner. When the 
contribution of student academic achievements 
to their programming achievement is examined, 
the order of importance of these courses is as 
follows: English, Turkish, information 
technologies, and math. The English course 
takes the first place in the prediction of 
programming achievement, probably because 
high achievement in English helps the students 
comprehend the programming concepts and, as 
a consequence, facilitates their use of 
visualization tools.  
 

5. CONCLUSION 
 
In conclusion, the use of tools and methods that 
may address the elementary education students 
is important in programming education. The use 
of visualization tools in teaching programming 
increases student achievement and motivation. 
Under these circumstances, it will be useful for 
the institutions graduating teachers to train 
teacher candidates on the auxiliary tools and 
methods that may increase student success and 
motivation pertaining to algorithm development. 
Furthermore, the acquisition of knowledge on the 
courses requiring skill in algorithm development 
may cast light on determining what needs to be 
done to further develop this skill.   
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Appendix A. An Example for Worksheet

 
Scratch Loop course study page:
 
Purpose:  1. Students uses loops in a group repeating within the program 
The cat character at the Scratch program will count with you the numbers from 1 to 20 by means of 
the algorithm at this activity. When the program finished, the screen image will be as in the Fig. 1.
To do this, it is necessary for you to drag required codes to the code domain and cause the algorithm 
to be functioned. Necessary steps for this job are indicated herein bel
 
Instruction 
 

1) Use the button 
2) Create a variable, named as “number (sayi)” and give the value 1 to the variable.
3) Create a loop and ensure the cat character to count the numbers from 1 to 20.
4) Do not forget to increase the numbers by 1 within the loop.
3) The program will appear as follows when it is run. The character will count the numbers from 1 to 
20 as is indicated in the following number
 

 
Fig. 1. 
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APPENDIX 

Appendix A. An Example for Worksheet 

: 2 Activity number: 4 subject: Loop 

Purpose:  1. Students uses loops in a group repeating within the program  
The cat character at the Scratch program will count with you the numbers from 1 to 20 by means of 

is activity. When the program finished, the screen image will be as in the Fig. 1.
To do this, it is necessary for you to drag required codes to the code domain and cause the algorithm 
to be functioned. Necessary steps for this job are indicated herein below.  

 in order to start the algorithm.  
2) Create a variable, named as “number (sayi)” and give the value 1 to the variable. 
3) Create a loop and ensure the cat character to count the numbers from 1 to 20. 

to increase the numbers by 1 within the loop. 
3) The program will appear as follows when it is run. The character will count the numbers from 1 to 
20 as is indicated in the following number 

Fig. 1. Screen image for scratch activity 

 
 
 
 

, 2015; Article no.BJESBS.18316 
 
 

The cat character at the Scratch program will count with you the numbers from 1 to 20 by means of 
is activity. When the program finished, the screen image will be as in the Fig. 1. 

To do this, it is necessary for you to drag required codes to the code domain and cause the algorithm 

3) The program will appear as follows when it is run. The character will count the numbers from 1 to 
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Appendix B. Pre-knowledge test 
 

1. The steps that Ali may take while going from 
one place to other by bus are given herein below. 
Please insert numbers in blank places below in 
order to put the steps in correct order.  
 
□Walk back when you approach the place where 
you will get off. 
□Get off the bus when it stops. 
□Wait at the bus stop for the arrival of the bus in 
the direction you want to go. 
□Get on the bus. 
□Walk to the bus stop. 
□Press on the stop button. 

 
2. Your printer is broken down while you want to 
get the printout of your homework. Pick up one of 
the problems that may be related to it and list a 
way out in steps.  
3. Insert your information in five different fields 
due to define you in the following Table and write 
down the data types of variables in the domain. 
 
Domain Name Information Data type 
Your name: … Text 
Your age: … … 
Your date of birth 
(d/m/y): 

… … 

Your place of 
residence: 

… … 

Phone No: … … 
 
4. Your computer will ask your exam point and 
give a value suitable for this point. If the point is 
less than 45, the message appearing on the 
screen will be “Failed”, if over 45, however, 
“Passed”. List the procedures due to be made by 
your computer in steps. 
 
  1. Step: 
  2. Step: 
  … 
 
 
 

5. What will the result be when you apply the 
following procedures to x by giving the values 
from 1 to 8?  
 
    Repeat from x = 1 to 8 
    { 

If x is an odd number 
Multiply number x by 2 
print the result 

If x is an even number 
Multiply number x by 3  
print the result 

     } 
 
6. If the following expressions are correct, mark 
them with (C), if false, however, with (F). 
 
a) If x = ((125/5) + (3 + 4),  x = 5  (..) 
b) For x = 2, ((x >= 2) and (x <= 2)  (..) 
 
7. The route that should be followed by a driver, 
who got lost, to go home is given herein below. 
According to this, list up the steps that should be 
taken by the driver in the shortest possible way. 

 

 
 
8. Write down the values i and j making the 
following expressions correct.    
 
a) If i>=1 and  i<=5 i = ………….      
b) If j>=3 and  j<=7       j=…………. 
 

 
 
 
 
 
 
 

 

 
 
 
 

 



Galley Proof 
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Result: 

Appendix C. Post Test (Paper-based Test) 
 
1. Explain variable, loop and conditions concepts 
with an example.   
2. Write down the result that the following 
algorithm will return. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
3. You go to buy bread. Necessary steps for this 
are as follows. Give number to the following 
blank spaces in order to list the steps in correct 
order. 
 
□Go to cash register. 
□Return home through the route you go to 

grocery shop. 
□Pay the money. 

 □Take your wallet with you. 
 □Buy bread. 
 □Go to grocery shop. 

 
4. No sound comes from the speaker of your 
computer. Select one of the problems that may 
be related to this and list the ways of solutions in 
steps.  
 

 Step 1: 
 Step 2: 
   ……. 

5. Your friend asks you what the weather is like 
today. You will follow up the weather conditions, 
and if the temperature lower than 0°C, you will 
write as “it is too cold”, if between 0°and 10°C, “it 
is cold” and if between 10°and 25°C, as “the 
temperature is normal” and if the temperature is 
over 25°C, however, “it is very warm”. List the 
steps pertaining to the foregoing in a flow chart.  
Step 1: 

 Step 2: 
 

 
 

6. Answer the following questions and write down 
the data types of your answers. 
 

Question Answer Type of 
data 

Your age 15 Number 
Name of your friend?   
What is the TV program 
you like most? 

  

What is your sign of 
zodiac? 

  

Your date of birth?    
 

7. Your friend asks you what the weather is like 
today. You will follow up the weather conditions, 
and if the temperature lower than 0°C, you will 
write as “it is too cold”, if between 0°and 10°C, “it 
is cold” and if between 10°and 25°C, as “the 
temperature is normal” and if the temperature is 
over 25°C, however, “it is very warm”. List the 
steps pertaining to the foregoing in a flow chart.  
 

8. What will the result be when you apply the 
following algorithm by giving value to x ranging 
from 1 to 10?  
 

   Repeat  from x= 1’ to 10 
{ 
   If x = 3 or x = 6, 
   Multiply the number x by 3  
 print the result. 
If x = 2 or x = 4, 
 Multiply the number x by 2  
 print the result.  
 } 
 

9.  If the following expressions are correct, mark 
them with (C), if false, however, with (F). 
 

 a ) 14 / (2 + 3) * 5 = 14                  (…) 
 b )  If x = 2, 
 

(x * 2 > x + 2) and (2 / 2 < 2 * 0)    (…) 
 

10. The route that should be followed by a driver, 
who got lost, to go home is given herein below. 
According to this, list up the steps that should be 
taken by the driver in the shortest possible way. 
 
 
 
 
 
 
 

a = 2 

a < 11 

Print a 

a = a + 2 

Start 

stop 

Y 

N 
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11. Does the following algorithm function 
correctly? Why?  
 
Step 1:    Start 
Step 2:    a = 1 
Step 3:    If (a > 3)                       
                {   
Step 4:            Print “number “a” is   
 smaller than 3.” 
Step 5:            Go to Step 8.    
                 } 
Step 6:     else 
      { 
Step 7:               Go to Step1 
                  }    
Step 8:    Stop     
 

            12. Let us say that the grade point average of 
Ayşe is “a” in English course. Draw an algorithm 
flow chart indicating “Your point is under 50” if 
the success point of Ayşe in English below 50 if 
the success point of Ayşe is more than 50 “Your 
point is over 50”. 
13. The forms of water in certain temperatures 
are given herein below. Let us say that the 
temperature of water is B. Create an algorithm by 

the use of a conditional sentence indicating that if 
the value B; 

a. is less than 0, it will be “solid”, 
b. between 0 and 100º, it will be “liquid”, 
c. over 100º, however, then, “gas”.  

 
14. When the grades of students are entered by 
the use of a conditional sentence, write down a 
program algorithm indicating as follows; 
 
a. If the grade is = 1, “failed” 
b. If the grade is = 2, “pass” 
c. If the grade is = 3, “average” 
d. If the grade is = 4, “good” 
e. If the grade is = 5, “Very good” 
 
15. Print the numbers ranging from 1 to 10 be 
written by the use of loop. 
16. Let us say that the driving speed of a vehicle 
is a. Increase its driving speed 20 km/s until it 
exceeds 60 km/s. Stop the loop when the driving 
speed exceeds 60 km/s. 
17. Draw the flow chart of an algorithm indicating 
the wording “I love my school very much” 20 
times by the use of loop.

   ……. 
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Appendix D. Post-Test (Computer-based Test) 
 

1. List the steps that may be necessary for the multiplication of two variables referring to the 
values of 5 and 20 through the use of the program and create an algorithm. 

2. Create two variables in number type and give value to such variables. Then add the numbers of 
these variables and display of the result on the screen. 

3. Firstly, create a variable, named as number1 and assign a value of 20 to the variable. 
Afterwards, create a variable, named as number2 and assign a value of 30 to the variable. 
Subsequently, write on the screen the “multiplication of number1 and number 2 =”. Ensure your 
algorithm to make the multiplication by the use of operators. Have the multiplication result be 
appeared on the screen.  

4. Create a variable, named as number1 (sayi1) and assign a value of 15 to the variable before all 
else. Ensure that your algorithm checks the state of the number1 variable to be greater than 0 
by the use of a condition sentence. If the number1 variable is bigger than 0, then have the 
wording “the number1 is a positive number”, if not, “the number 1 is a negative number” be 
indicated on the screen. 

5. Have the wording “Odd numbers from 1 to 10” be indicated on the screen. Cause the odd 
numbers from 1 to 10 be indicated on the screen by the use of loop. 
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