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Abstract

Background: Studies on the effectiveness of block-based environments continue to

produce inconsistent results. A strong reason for this is that most studies compare

environments that are not equivalent to each other or to the level of learners. More-

over, studies that present evidence of the effectiveness of block-based environments

by comparing equivalent environments are limited.

Objectives: This study aims to scrutinize the effects of programming training to be

held in equivalent environments (block-based and text-based) with university stu-

dents who do not have prior programming knowledge and experience on achieve-

ment, logical thinking, and motivation.

Methods: The study was conducted by using an experimental pretest-posttest con-

trol group design. The study was conducted with 60 students, the total consisting of

30 students in the experimental group and 30 students in the control group. In the

experimental group, block-based visual programming training with Scratch was con-

ducted and the control group received text-based programming training with Small

Basic. The training was maintained for 10 weeks, for 4 h a week in each group. The

programming achievement test, the logical thinking skills test, and the motivation

scale were used to collect the data.

Results and Conclusions: The results showed that the use of a block-based environ-

ment in programming training contributed positively to the development of students'

logical thinking skills, and motivation for learning programming. In contrast, there was

evidence that this training did not make a difference on programming success.

Implications: The findings of the study provided evidence of the effectiveness of block-

based training in comparisons made in equivalent environments. Focusing research on

this issue may contribute to the improvement of the current understanding.
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1 | INTRODUCTION

Developments in today's information and communication technolo-

gies force students to change the competencies that they should

have. These students, also called “digital natives” or “21st-century
individuals” in this period, are expected to come up with analytical

solutions to problems and to think systematically and alternatively

(ISTE, 2016). Most researchers explained that programming could be a
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way to gain individuals those skills (Clements & Gullo, 1984; Deng

et al., 2020; Mains, 1997; Malik, 2018; Monroy-Hernandez &

Resnick, 2008; Nouri et al., 2020; Swain, 2013; Zhang & Nouri, 2019).

Learning programming, however, is not easy for novices (Espinal

et al., 2022; Jesennia et al., 2020; Quille & Bergin, 2019; Topallı &

Ça�gıltay, 2018; Yusoff et al., 2020). The programming process is com-

plex, requiring attention to a variety of elements (such as syntax, algo-

rithm design, error detection, etc.) simultaneously (Saygıner &

Tüzün, 2018). Syntax is a critical element among those. Syntax repre-

sents the more mechanical components of programming (for example,

upper/lowercase letters, opening/closing parentheses, quotation

marks, spaces, looping characters, etc.). Denny et al. (2011, 2012)

stated that even experts in programming have difficulties in syntax

and this situation negatively affects their ability to create algorithms.

Another study pointed out that students' efforts to debug syntax may

cause cognitive overload (Lye & Koh, 2014). Cognitive overload, then,

may have a negative effect on students' learning performance (Paas

et al., 2004). Additionally, students who learning environments with

complex syntax rules (Java, C, Python, etc.) will likely be disappointed

in the learning process and their enthusiasm will likely decline over

time (Topallı & Ça�gıltay, 2018).

Block-based educational environments such as Scratch, Alice, and

MIT App Inventor have been developed for students to learn pro-

gramming more easily (Lye & Koh, 2014). Coding occurs with a drag-

and-drop action in those environments. A code block is completed by

bunching semantically appropriate blocks together. The related litera-

ture asserted that those environments remove the constraints of the

mechanical and complex nature of programming and facilitate stu-

dents' focus on logic and structures (Armoni et al., 2015; Noone &

Mooney, 2018). However, experimental studies yielded inconsistent

results. Some studies argue that more effective results are achieved in

block-based environments when compared to text-based ones in

terms of programming learning, development of cognitive skills, and

continuity of motivation (Costa & Miranda, 2019; Hongwarittorn &

Krairit, 2010; Lim & Kim, 2019; Pratiwi et al., 2018; Weintrop, 2019).

Others evidenced that text-based programming environments were

professional programming languages (Espinal et al., 2022), block-based

environments did not make a difference in the performance of pro-

gramming learning (Mihci & Ozdener Donmez, 2017) and students

gained poor skills in block-based environments (Moors et al., 2018).

Studies on the effectiveness of block-based environments pre-

sent inconsistent results. Hu et al. (2021) stated in their meta-analysis

study that such inconsistent results may be due to four factors: (1) the

structure of the selected programming environment, (2) learners' level,

(3) the design of the experimental research, and (4) the location of the

school (difference by country). The first two factors can be argued to

be more critical in programming learning. There is a high possibility

that the literature contains many experimental studies comparing

environments that do not correspond to learners' levels or are not

suitable/equivalent to each other. That is, there are studies comparing

Scratch or Code.org with its simple and fun interface in one group,

while the other compares Java or C, which are high-level programming

environments. Comparing non-equivalent environments is likely to

affect research results. The critical issue here is deciding on whether

the chosen programming environments, especially for novices, are

suitable for both each other and the level of the learner. Nonetheless,

experimental studies investigating the effectiveness of teaching pro-

gramming through attending to that critical issue are limited in num-

ber (Hu et al., 2021; Kandin & Sendurur, 2022; Tijani et al., 2020;

Weintrop, 2019; Xu et al., 2019). To this end, this article aims to con-

tribute to this limitation in the literature. In other words, this study

aims to scrutinize the effects of programming training to be held in

equivalent environments (educational programming environments)

with university students who do not have prior programming knowl-

edge and experience on achievement, logical thinking, and motivation.

Accordingly, the three research questions (RQs) were formulated as

follows:

RQ1: What is the effect of block-based and text-based program-

ming training on students' achievement?

RQ2: What is the effect of block-based and text-based program-

ming training on students' logical thinking skills?

RQ3: What is the effect of block-based and text-based program-

ming training on students' motivation levels?

The article presents the results of a quasi-experimental study

designed to improve our understanding of these research questions.

In this study, in which block-based programming with Scratch was

taught in the experimental group and text-based programming with

Small Basic in the control group for 10 weeks, all processes were car-

ried out by the same researcher and under the same conditions. In the

following section, information and research on programming learning,

logical thinking, and motivation variables are presented. It also

includes evaluations of block-based programming. Then, information

about the method of this study is submitted. Subsequent to the

method, the data and results obtained from the research are

explained. The article ends with a discussion of the findings on the

effectiveness of block-based programming teaching, possible results,

limitations, and future studies.

2 | THEORETICAL FRAMEWORK AND
RELEVANT LITERATURE

2.1 | Learning programming

Programming is the process of compiling and running command

sequences required for any solution to a problem after transforming

them into commands that can be understood by the computer (Nouri

et al., 2020). In other words, programming is a process that creates

the relation between hardware and software. Deciding on how the

hardware will respond and guide the behaviour is not easy. Especially

for novices, the complex and abstract structure of programming envi-

ronments, the obligation to comply with syntax rules, and limitations
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such as interaction and flexibility make the process even more chal-

lenging for students (Quille & Bergin, 2019).

Certain initiatives are taken to make programming learning easy

and understandable. The milestone of these initiatives can be the con-

struction of the Logo programming language. Logo has been devel-

oped with practical commands so that students can develop

applications without having to learn the complex code structures of

traditional programming languages (Papert, 2013). This language,

which has a text-based structure, provides features such as an inter-

face appropriate for the development level of students, writing code

with gradual steps, and providing concrete and visual feedback

(Mladenovic et al., 2018). Papert, the developer of this programming

language, based the Logo programming language on two theories:

(1) students construct knowledge instead of taking it ready-made, and

(2) the activity of learning is more meaningful when it is based on

authentic experiences (Harel & Papert, 1991). On this basis, Papert's

ideas can be stated to be similar to Piaget's and the Logo program-

ming language he developed includes traces of constructivist

philosophy.

Today, the Logo language, which Papert developed based on the

theory he advocated, has begun to revive with the development of

educational programming environments. Educational programming is

an approach that advocates for students of all ages to gain program-

ming knowledge and skills rather than developing computer applica-

tions that will find solutions to complex problems encountered in real

life (Kandemir, 2018). This approach can be basically evaluated under

two headings. Text-based ones (Microsoft Small Basic, Python, Green-

foot, Codemonkey, Pencil Code, etc.) are such environments that have

all the principles of high-level programming languages (Java, C, C++,

etc.) but offer it in a simpler way. That is, these environments also pre-

sent such elements as the act of writing code, syntax rules, and

debugging. Yet, students are exposed to those at a lower level of

difficulty.

Another educational approach that aims to facilitate program-

ming learning and has traces of Papert's educational philosophy is

block-based programming environments. These environments

encourage students to develop something and turn their ideas or

discoveries into products by turning coding into a drag-and-drop

activity (Resnick, 2012). The focal point of learning in these environ-

ments is semantics rather than syntax (Mladenovic et al., 2018). To

put it differently, the codes which consist of blocks of different

shapes and colours reduce students' efforts to remember the code,

put their ideas into code, or memorize the syntax (Weintrop &

Wilensky, 2019).

There are many block-based programming environments (Scratch,

Alice, App Inventor, etc.) that correspond to the aforementioned char-

acteristics. However, Scratch stands out more than its peers

(Baz, 2018). Developed with the idea of Papert and Solomon (1971)

that “students should learn to program their own animations, games,

and simulations”, Scratch offers students a rich space in which they

can express themselves (Resnick, 2012). The prominent characteristics

of Scratch that distinguish it from text-based environments are the

ability to put blocks together by drag-and-drop method, the absence

of syntax rules, its simplified language, its interactive structure, its

open-source code structure, having blocks of different colours and

shapes, and providing an opportunity to participating in an online

community and sharing and to co-creation.

Another distinguishing characteristic of Scratch is that this envi-

ronment can work in a “tinkering learning” system. Tinkering learning,

which is also called “bricolage thinking”, prioritizes students to

develop something through “experience”, “experiment”, and “discov-
ery” (Berland et al., 2013). Individual and collective productions are

important in this way of thinking (Martinez & Stager, 2013). There-

fore, it is a synthesis of both the cultures of do it yourself (Do-It-Your-

self-DIY) and do it with others (Do-It-With-Others-DIWO). Scratch

can turn the theories advocated by tinkering learning (experience,

experiment, discovery, producing something individually or together)

into practice. To illustrate, every new code block added to the pro-

gram can be tested instantly in Scratch. Being able to see the result of

each manipulation immediately encourages students to build relation-

ships between their actions and results. This cause-effect connection

established in tinkering activities promotes the development of stu-

dents' logical reasoning skills (Cınar et al., 2019). Programs developed

with Scratch can be transferred to online environments. Thus, pro-

gram developers can notice each other's projects or contribute to

them (Hagge, 2017). In addition, visual clues (code blocks of different

colours and shapes) in this environment reduce the problems experi-

enced during the process of coding (such as syntax, incorrect coding,

and punctuation) (Durak, 2020), which leads students to attend more

to discovering something while coding.

The related literature includes a large number of studies utilizing

the Scratch environment. Such a study was conducted by Korkmaz

(2016) with university students. The treatment group received Scratch

and block-based training while the control group was taught text-

based programming with C++, one of the high-level languages in this

study that lasted for 6 weeks. The change in the achievement scores

of both groups was scrutinized and the results indicated a higher

increase in the achievement scores of the treatment group. Another

study with university students conducted by Cardenas-Cobo et al.

(2021) also presented the results of an experimental study, in which

the treatment group that received programming training with Scratch

showed higher achievement compared to the group that received

training in the Java environment. These two studies compared educa-

tional programming environments and high-level programming envi-

ronments. The complexity of high-level programming environments

may have led to less effort by students in this group. This situation

may have caused the difference in achievement in favour of the

Scratch group. The results of Akbay's (2019) study also presented

remarkable results in that regard. Unlike the previous two studies,

Akbay's study did not compare Scratch with high-level programming

environments (C++, Java, etc.), but rather compared it with an educa-

tional text-based environment (Phyton). This study, which was con-

ducted with university students without programming experience

revealed that the achievement of the group that received training in

the Python environment (text-based) was higher than the group that

studied with the Scratch environment. The results make asking the
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question of whether the gap between block- and text-based environ-

ments are closing more meaningful. However, the predictions on this

issue are mostly at the level of theory since empirical studies compar-

ing educational programming environments in terms of effectiveness

have certain limitations. The research to be conducted aims to

improve our current understanding of recognizing the domain of edu-

cational programming environments.

2.2 | Logical thinking skills

Logical thinking is the sequence of mental operations that a person

uses when encountered with a problem (Karplus, 1977). Mental pro-

cesses such as recognizing abstract structures, using ways of reason-

ing (induction, deduction), distinguishing similarities and differences

between situations, and making logical decisions by making various

comparisons and inferences form the basis of logical thinking

(Lazear, 2000). Similar mental processes also take place in program-

ming. To illustrate, students are expected to first prepare a plan (algo-

rithm) so as to solve the problem they encounter in programming

training. It is of utmost importance to design the solution step by step

because a small mistake in the plan will change the overall operation

of the program. Wherefore, students have to actively use cognitive

skills such as establishing cause-effect relationships, making compari-

sons, multidimensional thinking, and decision making in learning

programming.

The fact that logical thinking and programming share similar pro-

cesses may at first glance suggest that there is a positive relationship

between them. Yet, most studies conducted in previous years indicate

otherwise. As such, the study conducted by Mains (1997) examined

whether there was a change in the logical thinking skills of university

students while learning programming. The text-based programming

was taught with QBasic for 14 weeks in this study. The results

showed no significant relationship between programming learning and

the development of logical thinking skills. Another study by Seidman

(1981), in which students were trained to use the Logo programming

language also revealed no significant change in the students' logical

thinking scores. Similar results were observed in the studies of Clem-

ents and Gullo (1984). It is not surprising to reach such results in these

periods when educational programming approaches are still develop-

ing and mostly high-level text-based environments are used. Besides,

studies yielded a lot of evidence that the abstract and complex nature

of text-based environments reduces students' desire and effort to

learn (Bayman & Mayer, 1983; Byrne & Lyons, 2001; Kinnunen &

Malmi, 2008).

The use of educational programming environments (block-based

and text-based) has become widespread at the beginning of the 21st

century so as to make learning programming more comprehensible.

Scratch is one of these environments and can be effective in encour-

aging students to experience this process with its aspects that priori-

tize active learning, interaction, and discovery. Students' more

programming experience increases their likelihood of making more

logical inquiries. The existing literature evidenced the positive effect

of this experience on cognitive skills (Durak, 2020; Papadakis &

Kalogiannakis, 2019; Weintrop, 2019). In a study by Pratiwi et al.

(2018), a group of novice university students received programming

training with Scratch, and then, the change in their logical thinking

skills was investigated. The results showed a significant increase in

their logical thinking skills. This study emphasized the possible reason

for this increase, which could be due to the fact that it is easier to put

the algorithm into code in the Scratch environment. In a similar vein,

Fidai et al. (2020) conducted a meta-analysis study, in which a total of

12 experimental studies were examined. The results illustrate that

educational programming with Scratch fostered the development of

cognitive skills. This study also highlights the need for more experi-

mental research on scrutinizing the effectiveness of programming

with Scratch. Regarding the features in Scratch that are constantly

updated to make programming learning easier (Scratch 1.0, Scratch

2.0, Scratch 3.0, etc.), the suggestion highlighted in this research is

worth to be taken into account. Identifying which of the features in

Scratch makes students more cognitively active can prevent critical

points from being over looked when designing the learning process.

2.3 | Motivation to learn programming

Some students are quite eager to find a solution to a problem they

face while others are quite reluctant to deal with the problem. The

most important factor causing such a variation is motivation (Schunk

et al., 2014). Motivation is a driving force that stimulates individuals'

actions, directs their behaviour, and determines and maintains the

level of behaviour (Deci et al., 2001). Motivation is shaped internally

by individuals and externally by environmental factors (Ryan &

Deci, 2000). The internal factors are usually individuals' attitudes,

expectations, goals, and emotions. The external factors are the desire

to learn through reward, competition, avoidance of punishment, and

social pressure, which emerges under the influence of the environ-

ment (Dede & Argün, 2004; Ryan & Deci, 2000). These two factors

are considered to be activators for learning and academic achieve-

ment (Jenkins, 2001). Students with high motivation are stated to be

more successful in terms of participation in the task, being able to

maintain working longer, and learning performance (Pintrich, 2003).

Motivation is a process that includes physical and mental activi-

ties rather than being a product (Schunk et al., 2014). Psychical activi-

ties include effort, perseverance, and other obvious actions while

mental activities include planning, reasoning and decision making, and

so forth. Programming is one of the topics that require students to be

motivated both physically and mentally as it is inevitable that students

will be exposed to working in front of the screen for a long time or

make intense mental inquiries in learning programming. Students'

motivation should be constantly fostered to increase their perfor-

mance in this course, where practice-based activities are frequently

included (Jenkins, 2001).

A growing body of literature focuses on techniques to support

students in learning programming, in that visual programming environ-

ments (Ruf et al., 2014), storytelling (Kelleher et al., 2007), and even
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singing (Siegel, 1999) are among those techniques. Visual program-

ming environments make abstract programming concepts such as

“variable, loop, array” more concrete by supporting them with

multimedia-based activities. Studies present promising results in terms

of learning programming are more motivating with those techniques.

As such, studying with university students, Quahbi et al. (2015)

observed the change in students' motivation scores in their study, in

which block-based (treatment) with Scratch and text-based (control)

programming with Pascal were taught to students who did not have

programming experience before. This study reported a greater

increase in the motivation of the students that received training about

Scratch when compared to those who received text-based training.

The rate of those who find the Pascal environment boring and monot-

onous in the study is 79% while this rate is 15% for the Scratch envi-

ronment. Students who were training in the Scratch environment

stated that they could see each other's work and that creating games

and stories in this environment made them creative and autonomous.

This study explained the possible reasons for the differences in their

motivation with these statements. Another study conducted by Erol

and Kurt (2017) with university students gave training about using

Scratch to the treatment group and the control group was taught pro-

gramming with flow diagrams for 7 weeks. In the next 7-week period,

the change in motivation and achievement scores was scrutinized by

teaching both groups with a text-based program with C#. The results

informed that the motivation scores of the participants in the control

group decreased at the end of the whole application, and the scores

increased in the treatment group. The results also revealed a signifi-

cant difference in the achievement scores in favour of the treatment

group. This study explained the higher achievement in the treatment

group with the motivation factor; that is, the students in this group

are more motivated to programming. To conclude, this study put for-

ward a theory that learning programming with Scratch leads to

increased motivation and increased motivation leads to higher

achievement. This study also proposed further research for experi-

mental testing of this theory.

3 | METHOD

3.1 | Research design

This is a quantitative study that used the control group research

model, a quasi-experimental design (Fraenkel et al., 2012). In this

method, the researcher carries out comparable processes followed

by the examination of the effects of those processes. In this con-

text, two classes were determined randomly, one of which was the

experimental group and the other one the control group. In the

experimental group, block-based visual programming training with

Scratch was conducted and the control group received text-based

programming training with Small Basic. These two environments

are educational programming environments, and it can be stated

that they are equivalent to each other in terms of level. The data

collection tools which were the programming achievement test,

the logical thinking skills test, and the motivation scale were

applied two times, one before the training and the other after the

training. Information about the design pattern of the research is

presented in Table 1.

3.2 | Study group

The study group included sophomore students studying in the

Department of Mathematics and Science Education in a state univer-

sity in Turkey during the spring semester of the 2015–2016 academic

year. The study was conducted with 60 students, the total consisting

of 30 students (eight males and 22 females) in the experimental group

and 30 students (10 males and 20 females) in the control group.

Descriptive information regarding the study group is presented in

Table 2.

As seen in Table 2, students in the study group have similarities

both in gender and in the school type from which they graduated. The

distribution regarding their high school or former education or per-

sonal developmental education in algorithms, coding, or programming

indicates that none of the students had previous education related to

programming.

3.3 | Data collection tools

In this study, the Programming Achievement Test, Logical Thinking

Skills Test, and Motivation Scale were used as the data collection

tools.

3.3.1 | Programming achievement test

The programming achievement test (PAT) used in the study was devel-

oped by the researchers. A repository of 30 questions in classical and

multiple-choice format was created. Questions were submitted to four

academicians who were engaged in programming education in the

Department of Computer Sciences at two universities and to one acade-

mician for language usage and feedback. At this stage, 10 questions were

eliminated for such reasons as “having similar questions, questions inap-

propriate for the audience, and being unable to create choices” and the

test was reduced to 20 questions (four classical, 16 multiple-choice). The

constructed test was applied to 174 students, who were the ones study-

ing in the Department of Mathematics and Science Education where the

study was conducted, and the ones who had received previous program-

ming education. The students were grouped according to the scores they

had on the test, and statistical analysis was conducted by choosing 27%

of the subgroup and 27% of the super group to run an item analysis.

After the analysis, the seventh (0.11) and 14th (�0.02) questions were

eliminated, and the number of questions was reduced to 18.

After the unsuitable items were removed from the achievement

test applied to 174 students, the reliability coefficient of the final test

was calculated, and the KR-20 value was found to be 0.80. This result
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demonstrates the high reliability of the test. The mean difficulty index

of the test was calculated as 0.45. This value shows that the test has

an average difficulty. The mean discrimination index of the test was

calculated as 0.55. Since it is close to the preferred discrimination

index (0.50), the test is claimed to be quite discriminant. Because the

z statistic, which was obtained by dividing the coefficient of skewness

by the standard error, was smaller than 1.96 for α = 0.05, it was not

considered that the distribution showed an extreme deviation from

normal (Büyüköztürk, 2007). In accordance with the data being lower

than 1.96 for (0.14/0.25 = 0.56), it was shown that an achievement

test with normal deviation was developed.

3.3.2 | Logical thinking skills test

The logical thinking skills test (LTST) was developed by Tobin and Capie

(1981) and consists of 10 two-stage questions that measure five logical

operations named controlling variables, proportional thinking, contin-

gent thinking, relational thinking, and integrative thinking. The test

questions require primarily selecting an answer from a set of options,

and then choosing the reason for the answer from the given options.

To accept a response as correct, both of these stages need to be

marked and both need to be answered correctly. The reliability coeffi-

cient of the test was reported as 0.85 by Tobin and Capie (1981). Turk-

ish translation and customization of the test was conducted by Geban

et al. (1992), and the Cronbach's Alpha reliability coefficient was calcu-

lated as 0.77. The maximum score of the test is 10. A student with a

score in the range of 0–3 is rated as low, a student with a score in the

range of 4–6 is rated as medium, and a student with a score of 7–10 is

considered to have a high level of logical thinking (Oliva, 2003).

3.3.3 | Motivation scale

The scale used to determine motivation toward learning program-

ming was developed by Pintrich et al. (1991) with the title “Moti-

vated Strategies for Learning Questionnaire” (MSLQ). The

adaptation of the motivation scale (MOT) into Turkish was con-

ducted by Büyüköztürk et al. (2004). The validity and reliability of

the Turkish version of the scale were ensured by using the data

obtained from 852 university students who were sophomores,

juniors, and seniors.

The scale consists of six subfactors and 31 items in total. For this

study, only two subfactors of the scale were used, one of which is

intrinsic motivation and the other extrinsic motivation. Studies draw

attention to the fact that it will be difficult for students to learn pro-

gramming unless they are internally or externally motivated

(Jenkins, 2002; Ryan & Deci, 2000; Souza & Bittencourt, 2019) since

intrinsic and extrinsic motivations are the most important factors

explaining programming learning (Jenkins, 2001; Jenkins, 2002). Thus,

this article is built on the intrinsic and extrinsic dimensions of the

motivation variable.

The intrinsic motivation portion of the scale covers inner ten-

dencies such as a student's interest in programming and enjoying

programming, while the extrinsic motivation portion covers outer

tendencies such as competition, reward, and the like. The scale

includes four items to measure intrinsic motivation and four items

to measure extrinsic motivation. A minimum of 4 and a maximum

of 28 score can be obtained for each intrinsic and extrinsic moti-

vation factor. A high score that is gained from any of the two fac-

tors shows that the student has that factor at a high level.

Cronbach's alpha value for the intrinsic motivation portion in the

TABLE 1 Research design

Groups Pretest Process Posttest

Experimental PATpre, LTSTpre, Int MOTpre, Ext MOTpre BBVP-S PATpost, LTSTpost, Int MOTpost, Ext MOTpost

Control PATpre, LTSTpre, Int MOTpre, Ext MOTpre TBP-SB PATpost, LTSTpost, Int MOTpost, Ext MOTpost

Abbreviations: BBVP-S, block-based visual programming – Scratch; Ext MOTpost, extrinsic motivation – posttest; Ext MOTpre, extrinsic motivation –
pretest; Int MOTpost, intrinsic motivation – posttest; Int MOTpre, intrinsic motivation – pretest; LTSTpost, logical thinking skills test – posttest; LTSTpre,

logical thinking skills test – pretest; PATpost, programming achievement test – posttest; PATpre, programming achievement test – pretest; TBP-SB, text-

based programming – small basic.

TABLE 2 Descriptive information regarding the study group

Specification

Experimental group Control group

f % f %

Gender Male 8 27 10 33

Female 22 73 20 67

The school type graduated from Common High School 19 64 18 60

Anatolian High School 10 33 12 40

Anatolian Teacher High School 1 3 — —

Any former education related to coding, algorithms,

or programming?

Yes 0 0 0 0

No 30 100 30 100
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Turkish adaptation of the scale is calculated as 0.59, and for

extrinsic motivation, it is calculated as 0.63. Agreement levels with

the items on the scale vary from “Absolutely incorrect for me (1)”
to “Absolutely correct for me (7)” according to the seven-point

Likert scale.

3.4 | Data analyses

The skewness-kurtosis and Kolmogorov–Smirnov tests were per-

formed to decide whether the pre-analysis data had a normal distribu-

tion. In the tests performed, it was determined that all data had

normal distribution. Thus, paired samples t-test was performed for the

alteration of the variables measured in both groups from pretest to

posttest; and independent samples t-test analyzes were performed to

test whether the pretest and posttest scores differed significantly

between the groups. In addition, the effect size value (Cohen's d) was

calculated. In the article, the effect size value was interpreted as very

large when above 1, large when 0.8, average when 0.5, and small (low)

when 0.2 (Green & Salkind, 2005).

3.5 | Procedures

This study was conducted in “Computers-II” which is a compulsory

course for the students. The Computers-II course is a 4-h course that

includes programming instruction. A 10-week-long lecturing period

and 2 weeks of the data collection process in the experimental and

control groups were performed by the first researcher. In addition,

course planning, teaching of courses, and monitoring of the partici-

pants through the whole process were performed by the first

researcher. Lecturing was maintained for 10 weeks, for 4 h a week in

each group. An additional 2 weeks were used to collect pretest and

posttest data. In the intervention process, the experimental group was

trained via block-based visual programming with Scratch and the con-

trol group was trained via text-based programming with Small Basic.

Information about the topics taught in the intervention process is pre-

sented in Table 3.

Throughout the process, courses in both groups were carried out

based on lecturing and problem-solving activities. In order to help

with issues where students had difficulty, and to prevent out-of-

purpose usage of computers, classroom management software called

“Net Support School” was used. With this software, other programs

installed on the computers were restricted to students' use. Question-

answer sessions were carried out with students at the end of the clas-

ses every week to determine if the topic content was comprehended.

The same laboratory was used for the classes of the experimental and

control group and the laboratory was made suitable for programming

teaching. Images related to the intervention process are presented in

Figure 1.

4 | FINDINGS

4.1 | Prior checks

Before analysing the data related to the research questions, pretest

scores on programming achievement, logical thinking skills, and intrin-

sic and extrinsic motivation were compared to evaluate the similarities

of the groups. The difference between the groups in terms of pretest

scores was not significant (see Table 5). The low effect size values cal-

culated for all pretests confirmed that the groups were equivalent in

terms of the variables examined.

4.2 | Findings regarding programming achievement

The differences between the pretest and posttest scores of the

groups were calculated to see if there was a significant change in the

achievement scores of the experimental and the control groups after

the training. There was an increase in the mean achievement scores

of both groups (see Figure 2) and this increase was significant for both

groups (see Table 4). The calculated effect size values revealed that

this increase in achievement scores was high in both groups (see

Table 4).

TABLE 3 Content of the training achieved in experimental and
control groups

Weeks

Experimental group

(block-based/Scratch)

Control group

(text-based/small basic)

Week 1

and 2

• Introduction to

algorithm

• Basic concepts

• Variables

• Solutions for

algorithmic problems

• Introduction to

algorithm

• Basic concepts

• Variables

• Solutions for

algorithmic problems

Week 3 • Algorithm examples

• Introduction to

programming

• Control structures

• Sample problem

solutions

• Algorithm examples

• Introduction to

programming

• Control structures

• Sample problem

solutions

Week 4 • Mathematical-logical

operations

• Problem solving

activities

• Mathematical-logical

operations

• Problem solving

activities

Week 5

and 6

• Condition statements

with Scratch

• Programming with

logical operations

• Problem solving

activities

• Condition statements

with Small Basic

• Programming with

logical operations

• Problem solving

activities

Week 7 • Program counter usage

• Loops

• Sample problems

• Program counter

usage

• Loops

• Sample problems

Week 8

and 9

• Loops, arrays

• Sample problems

• Loops, arrays

• Sample problems

Week 10 • Number

guessing game

• Number

guessing game
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Programming training approaches were compared in terms of

their effects on programming achievement. No statistically significant

difference was found (t58 = �1.071, p > 0.05) in terms of program-

ming achievement between the experimental and the control groups

in independent samples of t-tests analysis. Effect size is at a low level

(Cohen's d = 0.275). Detailed results regarding the analysis are pre-

sented in Table 5.

4.3 | Findings regarding logical thinking skills

In this part of the study, the change and differentiation in logical

thinking skill scores were examined. Depending on the training given

in both groups, the logical thinking skill averages showed a significant

increase (see Figure 2 and Table 4). The effect size values of this

increase were high in the experimental group; it was at moderate level

in the control group (see Table 4).

The difference between the groups in terms of logical thinking

skills was examined, and a significant difference in the advantage of the

experimental group was found in the posttest (t58 = 2.159, p < 0.05).

The effect size shows an average level of difference (Cohen's

d = 0.557). Results related to the analysis are presented in Table 5.

4.4 | Findings regarding intrinsic and extrinsic
motivation

In the analyzes on intrinsic and extrinsic motivation scores, an increase

was observed in the posttest mean scores of the experimental group,

while a decrease was observed in the posttest mean scores of the con-

trol group (see Figure 2). While the increase in the scores in the experi-

mental group was significant for both variables, the decrease in the

mean scores of the control group was not significant (see Table 4).

Effect size values reflected a moderate increase in the experimental

group and a low-level decrease in the control group for intrinsic and

extrinsic motivation scores (see Table 4).

Independent samples t-test was applied to test whether the

intrinsic and extrinsic motivation scores showed a significant differ-

ence between the groups in the posttests. A significant difference

was found in favour of the experimental group for intrinsic motivation

F IGURE 1 A view from the
intervention process in the
experimental (left) and the control
(right) groups.

F IGURE 2 Changes in groups according to measured variables

TABLE 4 Paired samples t-test results regarding the variation scores of the groups from pretest to posttest

Experimental (N = 30) Control (N = 30)

Mean SD t p Cohen's d Mean SD t p Cohen's d

PAT 5.43 2.39 12.462 0.000* 2.276 6.36 2.88 12.097 0.000* 2.209

LTST 2.07 1.72 6.578 0.000* 1.202 1.06 1.68 3.477 0.002* 0.635

Motivation (MOT)

Int MOT 2.13 3.79 3.087 0.004* 0.564 �0.93 6.05 �0.846 0.405 �0.155

Ext MOT 1.90 4.54 2.294 0.029* 0.419 �0.97 4.96 �1.068 0.294 0.196

Note: *p < 0.05.

SAYGINER AND TÜZÜN 651

 13652729, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jcal.12771 by H

A
C

E
T

T
E

PE
 U

N
IV

E
R

SIT
Y

, W
iley O

nline L
ibrary on [12/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



(t58 = 2.589, p < 0.05), meaning the experimental group was signifi-

cantly more motivated for internal factors compared to the control

group. Besides, a significant difference was found in favour of the

experimental group for extrinsic motivation (t58 = 2.424, p < 0.05),

meaning the experimental group was significantly more motivated for

external factors compared to the control group. An average level of

effect size was found for the intrinsic (Cohen's d = 0.668) and the

extrinsic (Cohen's d = 0.626) motivation. Detailed results regarding

the analysis are found in Table 5.

5 | DISCUSSION

5.1 | Programming achievement

The research results show that the achievement pretest scores of

both groups in which block-based visual and text-based programming

training were performed increased significantly in the posttests, but

this result did not show a significant difference between the groups in

terms of posttest scores. The results differ from studies, which argue

that achievement is higher in block-based programming environments

compared to text-based programming (Hu et al., 2021;

Weintrop, 2019). This emphasizes that the educational environment

used in programming learning does not directly affect programming

achievement. The increase in the achievement scores of the experi-

mental group can be explained by the increased motivation levels of

the students for learning programming. However, the situation is dif-

ferent in the control group. Although the motivation of the students

in the control group decreased in the process, there was an increase

in the achievement of the students. This may be due to the fact that

the research was conducted with students studying in the field of

mathematics. Although the students have low motivation, they can

grasp the complex operations and principles of programming more

easily thanks to their current mathematical knowledge and experi-

ence. In the literature, it is stated that mathematical knowledge is a

significant predictor of achievement in a programming course

(Ninrutsirikun et al., 2020; White & Sivitanides, 2003).

The closest studies, which are similar to this research, emphasize

that achievement is higher in the Scratch environment (Cardenas-

Cobo et al., 2021; Korkmaz, 2016). However, it should not be ignored

that Scratch is compared with high-level programming environments

in these studies. The complex nature of high-level programming envi-

ronments (Java, C++, etc.) may have caused students to exert less

effort. This may have caused a decrease in the achievement scores of

the text-based group in these studies. In the current study, block and

text-based educational environments with equivalent quality were

compared. The fact that the environments that are equivalent to each

other were chosen can be considered as a reason for not observing

the difference in terms of achievement.

Having similar increases in the groups regarding effect size and

having a lack of significant difference between the groups in the post-

test mandated recalling the discussions on media and method in tech-

nology usage. Clark (1983) indicated that media do not have an effect

on the training process other than being a supportive aid. He claims

media choice will only affect the cost or the scope of the message

intended to be transmitted, but that only the content can have a role

in achievement (Clark, 1994). Kozma (1991), however, stated that

there is a meaningful relation between media and method, and media

influence the method used, and thus the learning process. Therefore,

he argued that some students learn from media independently, while

some learn by using the features of media (Kozma, 1991).

Although the results obtained from the current research verify

Clark's (1983) viewpoint, Kozma's (1994) perspective regarding the state-

ment of “Every environment is different from others by its quality” is

considered important because there are some affordances provided by

block-based visual programming environments in the learning process.

For instance, logical processes that present some difficulties in compre-

hension such as variable, loop, and array can be offered in a more fun

way by being embodied with the help of visual and auditory elements. In

the literature, it is stated that this potential has a positive effect on the

TABLE 5 Independent samples t-test results showing if there is a significant difference between the groups

Experimental (N = 30) Control (N = 30)

t p Cohen's dMean SD Mean SD

Pretest PAT 4.47 1.96 4.27 1.82 0.410 0.684 0.106

LTST 4.00 2.40 3.87 2.39 0.216 0.830 0.056

Motivation (MOT)

Int MOT 20.00 3.85 20.80 4.56 �0.735 0.465 0.189

Ext MOT 19.77 5.30 19.57 5.67 0.141 0.888 0.036

Posttest PAT 9.90 2.25 10.63 3.00 �1.071 0.288 0.275

LTST 6.07 1.51 4.93 2.45 2.159 0.036* 0.557

Motivation (MOT)

Int MOT 22.13 2.21 19.87 4.26 2.589 0.013* 0.668

Ext MOT 21.67 2.85 18.60 4.89 2.424 0.019* 0.626

Note: *p < 0.05.

652 SAYGINER AND TÜZÜN

 13652729, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jcal.12771 by H

A
C

E
T

T
E

PE
 U

N
IV

E
R

SIT
Y

, W
iley O

nline L
ibrary on [12/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



teaching of programming (Fesakis & Serafeim, 2009; Giordano &

Maiorana, 2014; Kaucic & Asic, 2011; Papadakis et al., 2016;

Weintrop, 2019). In addition to these, variation in the scores of logical

thinking skills and motivation can be identified as other-added values

that block-based programming environments provide.

5.2 | Logical thinking skills

Another focus of the current research is the development of logical

thinking skills. The training significantly affected the development of

the students' logical thinking skills in the experimental and the control

groups and this fact created a significant difference in the advantage of

the experimental group in intergroup comparisons. According to Tuomi

et al. (2018), this difference derives from the fact that logical thinking is

an important precursor of problem-solving skills, which form a basis for

programming. Robbins (2011) stated that logical thinking is a necessary

component of problem solving. Sebetci and Aksu (2014) stated that

there is a positive, average-level, and meaningful relation between stu-

dents' logical thinking skills and their learning of programming.

Although the same training was given to both groups, the higher

improvement in the logical thinking skills of the students in the experi-

mental group can be explained based on several reasons. First, the

fact that students were less exposed to syntax rules in Scratch may

have focused their attention more on designing algorithms or struc-

turing cause-effect relationships. The aspect of this environment that

supports learning by “experimentation, experimentation and discov-

ery” may have made students more willing to make advanced logical

reasoning. It can be said that these results obtained in terms of logical

thinking do not differ from the literature. For example, in Pratiwi

et al.'s (2018) study, the possible reason for the higher logical thinking

scores of the group trained in the Scratch environment was explained

by the fact that the students had less difficulty in creating algorithms

and converting the algorithm into code.

Another situation that makes the difference can be the interest-

ing structure of the Scratch environment. It can be argued that a pro-

gramming environment's interesting structure provides changes for

students to spend more time in this environment, thus improving their

programming experience. As Sebetci and Aksu (2014) also indicated,

an increase in students' experience in programming is considered to

be the reason leading to the development of logical thinking skills.

Studies in the literature also show that there is a statistically signifi-

cant relation between the use of a block-based visual environment

and the development of logical thinking skills in programming

(Costa & Miranda, 2019; Pratiwi et al., 2018; Sebetci & Aksu, 2014).

In terms of logical thinking skills, the current research results support

the literature.

5.3 | The intrinsic and extrinsic motivation

Another focus of the research is the changes in the motivation scores.

The training activities in the experimental group significantly

increased students' intrinsic motivation to learn programming. On the

other hand, the intrinsic motivations of the students in the control

group followed a downward trend, but this situation did not create a

significant difference. In the comparison between the groups in terms

of intrinsic motivation posttest scores, a significant difference was

found in favour of the experimental group.

After the training, the reasons for the variation in the students'

intrinsic motivation scores can be examined from three different per-

spectives. First, some conditions such as the use of conventional

methods in programming training, the complex structure of program-

ming that requires code writing, syntactic knowledge level errors

(e.g., syntax, incorrect code writing, and bad punctuation marks) cause

students' discouragement over time. This situation is considered to be

a reason for the decrease in intrinsic motivation scores in the control

group because motivation is affected by the environment used for

teaching programming (Calder, 2010).

Second, the language of block-based programming compared to

the language of text-based programming offers students the opportu-

nity to edit the script with a language that is similar to their own lan-

guage. For instance, it is expressed in accordance with the everyday

language such as “increase the value of x by 1” in block-based lan-

guages whereas it is necessary to use a mathematical construct such

as “x = x + 1” in text-based languages in order to increase the value

of a variable x by 1 (Weintrop, 2019). This complex construct in text-

based programming has the potential to create cognitive load (Bau

et al., 2017). It can be asserted that the increase in the cognitive load

of students in the control group may be a reason for the decrease in

intrinsic motivation.

Third, based on the view presented by Kozma (1994) that Scratch

differs in terms of an environment's nature, it is a game-based envi-

ronment that allows its users to write programs using interactive

stories, animations, simulations, and other dynamic media tools with

the logic of a graphic block (Weintrop, 2019). In the literature, it is

stated that the inclusion of multimedia elements in software is an

effective method to increase the motivation of students toward learn-

ing (Brusilovsky & Spring, 2004; Kelleher et al., 2007). In addition, it is

emphasized that motivation will increase in learning environments

that are intriguing, amusing, and directly related to the goals (Deci

et al., 2001). As a matter of fact, Scratch offers a pleasing environment

to its users as they write code. Genç and Karakuş (2011) conducted a

study supported by Scratch activities in order to determine the experi-

ences and opinions of the students as a part of the course “Computer

Games Design in Education”. In the study, 79% of the students stated

that they found the use of Scratch simple and easy, and they felt com-

fortable using it. In addition, the students pointed out that Scratch

was an enjoyable environment and generally liked using Scratch. In

addition, 73% of the students stated that learning and understanding

the programming structures with Scratch was easier than other pro-

gramming languages. The current research's results obtained in terms

of intrinsic motivation support the existing literature.

Another crucial result of this study was the extrinsic motivation

results. The training activities in the experimental group significantly

increased students' extrinsic motivation. On the other hand, the
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extrinsic motivations of the students in the control group followed a

downward trend, but this situation did not create a significant differ-

ence. Another important issue observed in the motivation scores is

that extrinsic motivation showed a significant difference in favour of

the experimental group on the posttests. This situation suggests that

students in the experimental group wanted to learn programming in

an environment where external motivators were employed in addition

to the internal tendencies such as interest and pleasure in learning, or

the need for learning. This is because the increase in the extrinsic

motivation of the students in the experimental group toward learning

programming did not cause any negative changes in their intrinsic

motivation. Three different viewpoints in the literature could be con-

sidered regarding this case.

According to the first view, the extrinsic motivation elements

applied to the students to maintain their efforts do not adversely

affect the students' intrinsic motivation (Cameron et al., 2001;

Cameron & Pierce, 1994; Dede & Argün, 2004). This study states that

the increase in the extrinsic motivation of the experimental group is

caused by some potential characteristics of Scratch despite the fact

that no external motivating variables were presented to the groups

and the same content was processed in both groups. One of these

features is that Scratch has an online interface and the written pro-

grams can be shared within this environment. Anyone in a different

part of the world, who is a member of the site, has the opportunity to

review the projects of others, to make comments, and to contribute

to the projects they like. In the meantime, information such as how

many people viewed each project, who commented on the project,

and who contributed, and how much contribution was made are

explained in numerical terms. This possible situation can be consid-

ered a reason for the difference in favour of the experimental group

in terms of extrinsic motivation because an environment's advantage

in involving basic game components such as score, number of likes,

and feedback may increase the extrinsic motivation of students

(Buckley & Doyle, 2016; Cozar-Gutierrez & Saez-Lopez, 2016;

Hamzah et al., 2015; Papp, 2017).

According to the second view, external reinforcement applied to

motivate students to learn negatively affects the intrinsic motivations

of students for learning (Deci et al., 1999; Gordon, 1999; Guay

et al., 2000; Hayamizu, 1997). In addition, it is stated that students

who are directed to learning with the help of external reasons may

experience a decrease in their achievement at the end of the process

(Becker et al., 2010; Wang & Guthrie, 2004; Williams &

Williams, 2011). Contrary to the second view, there appears to be a

positive correlation between extrinsic motivation and achievement

scores of the students in the experimental group in this study. The

reason for this change has been put forward in the studies outlined in

the next paragraph for articulating the third view.

In studies adopting the third view, it is stated that intrinsic and

extrinsic motivation should be evaluated as complementary processes,

not as processes opposed to one another (Saeed & Zyngier, 2012;

Wang & Guthrie, 2004; Yıldız, 2013). Moreover, the effectiveness of

intrinsic and extrinsic motivation is time- and context-oriented

(Jovanovic & Matejevic, 2014; Saeed & Zyngier, 2012). Lecturers can

utilize internal and external motivators at a particular time or in a spe-

cific activity (Hidi, 2000; Hidi & Harackiewicz, 2000) because the

same activity can be seen as motivating by different students in intrin-

sic or extrinsic terms (Schunk et al., 2014). In Efecan et al.'s (2020)

study, students acknowledged the real-life experience (remarkable

and unremarkable stories) of experts (the ones who had higher intrin-

sic and/or extrinsic motivation) who had achievement in the field of

programming. A significant difference was found in the intrinsic moti-

vation of students who listened to those stories for programming. The

study argued that the intrinsic or extrinsic motivation of experts in

programming can be a source of intrinsic motivation for novice

students.

In the explanations made within the scope of the third viewpoint,

there appears to be an emphasis on context. When the teaching of

programming is examined in this context, the intrinsic motivation of

students can be said to be given priority, but the elements of external

motivation are also important in the process because a programming

course is application-oriented that involves problem solving activities

in the process and requires spending a long time in front of a com-

puter screen, and intensively engaging in cognitive skills. In such a

course, students may need to be motivated together in internal and

external ways to be able to maintain their efforts. Furthermore,

although the programming environment used in the control group did

not have any extrinsic motivation factor, students' intrinsic motivation

scores decreased. For the experimental group, this suggests that the

extrinsic motivators of the Scratch programming environment do not

adversely affect intrinsic motivation or achievement.

5.4 | Limitations

This article is characterized by four main limitations that may inform

future studies.

• Students' knowledge of math is a crucial predictor of programming

achievement (Ninrutsirikun et al., 2020). Students' math scores

before the study were not looked at; this can be regarded as a limi-

tation to the current study.

• The inclusion of only the intrinsic and extrinsic dimensions of the

motivation variable in the study can be stated as a limitation.

• Scratch has certain potential features (e.g., sharing programs in

online environments, commenting, and the number of likes) that

increase extrinsic motivation. Even though courses do not address

any extrinsically motivating variables, students may make use of

extrinsically motivating variables outside their courses. Therefore,

the extrinsically motivating variables that can be challenging to

control can be stated as study limitations.

• The fact that the experimental phase of the research was com-

pleted 5 years ago can be stated as a relative limitation. Because

during this time, most countries continued to include programming

teaching in their primary and secondary education curriculum (Wu

et al., 2020). This situation indicates that students who will start

higher education now have basic programming knowledge.
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6 | CONCLUSION AND
RECOMMENDATIONS

In the current study, the reflections of block-based programming

training with Scratch on students' achievement, logical thinking

skills, and intrinsic and extrinsic motivation scores were investi-

gated. The results revealed a significant impact of block-based vir-

tual programming by Scratch on logical thinking skills, intrinsic and

extrinsic motivation, but the training did not have a significantly

different effect on students' achievement scores. With reference

to these results, some suggestions for future research are made

below:

• In this study, we found evidence that block-based and text-based

educational environments increase achievement, but this does not

make a difference between groups. This result may be a sign that

the long-standing perception of “learning programming is difficult,

especially in text-based environments”, may have changed. Focus-

ing research on this issue may contribute to the improvement of

the current understanding.

• Controlling the variables that predict programming achievement in

future studies may contribute to more clearly revealing the results

to be achieved.

• The article revealed some evidence explaining the relationship

between block-based programming learning and motivation scores.

In order to explain this relationship more deeply, it would be bene-

ficial to include other components of motivation (for example,

attention, confidence, satisfaction, etc.) in the process in future

studies.

• Although no extrinsic motivating variable was presented to either

group, the increase in extrinsic motivation in the experimental

group necessitates the determination of extrinsic motivating vari-

ables in the Scratch platform and controlling these variables before

the study. In future studies, it is also recommended to consider the

extrinsic motivating variables of the platform.

• On the other hand, the similarities of Scratch programming lan-

guage with everyday language can be an important reason for

the increase in the motivation and logical thinking skills scores.

Investigating this in the context of cognitive load may contrib-

ute to having a deeper understanding of the effectiveness of

the programming by Scratch on motivation and logical thinking

skills.

• In future studies, it is considered important to include qualitative

observations in the process in order to better understand the pos-

sible reasons behind the change in programming learning and moti-

vation scores.
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