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Abstract

This study extensively reviews the literature on teaching programming to middle
schoolers, with a qualitative content analysis method, and intends to put forth a
research design framework for researchers that will guide them in the processes
of planning and designing their research on teaching programming for middle
school learners. For access to the relevant literature; the databases were searched
by using the following keywords: “computer”, “programming’, and “middle school”
together, limiting the findings to the articles published after 2000. As a result, an
upward tendency was noted in studies about the teaching of programming at
secondary level considering years, most of which are comprised of empirical ones.
Also, the existing studies were mostly carried out with 6th graders predominantly
employing data collection tools of questionnaires/scales and achievement tests.
As for programming tools, Scratch was seen to be the most commonly used one.
Although quite a few articles are investigating the context of the programming
teaching lesson, some of the studies were found to use programming as a means of
teaching mathematics, natural sciences, languages, writing skills, and social sciences.
In conclusion, the present study is expected to pave the way for future research by
highlighting the overall situation of programming teaching
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Introduction

In the working life, the increased demand for experts in the field of informatics has

pushed up the interest in computer sciences, which has been translated into the teaching
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of computer sciences courses at different levels of education (Qian & Lehman, 2016).
Several researchers and studies emphasize the potentially significant benefits of inclusion
of programming teaching in primary and middle school curricula (Saez-Lopez et al.,
2016). The teaching of programming supports the development of several skills referred
to as the skills for the 21st century, which are problem-solving (Calao et al., 2015; Fessakis
etal.,,2013), creative thinking (Gupta et al., 2012; Navarrete, 2013), algorithmic thinking
(Hromkovic et al., 2016), reflective thinking (Kalelioglu, 2015), critical thinking, and
computational thinking skills. The augmenting effects of programming are not limited to
the abovementioned skills as it also promotes learning of mathematics, natural sciences,
social sciences, and languages as well (Baki & Ozpinar, 2007; Baytak, Land, & Smith,
2011; Brown et al., 2008; Burke, 2012; Ferrer-Mico et al., 2012; Ke, 2014; Moreno et al.,
2016; Navarrete, 2013; Saez-Lopez et al., 2016). For these reasons, it is seen that there
has been an intense attempt to teach programming in schools, especially in recent years
(Moreno-Leon et al., 2016). Most countries have already placed programming teaching,
which is expected to bring considerable benefits, into their education curricula and have
already put it into effect at various levels of schooling, starting from the primary (Han
et al., 2016; Heinth et al., 2016; Mone, 2018).

Programming is the process of transferring problems to the computer environment
through software after modelling them (Benzer & Eriimit, 2017). Lye and Koh (2014)
think that programming requires abstraction and analysing skills, beyond merely
coding. The fact that programming as a process of generating solutions for problems
entails several mental skills (Benzer & Eriimit, 2017) causes students to face difficulty
in programming learning teaching and perceive programming, too difficult (Askar &
Davenport, 2009; Guzdial & Soloway, 2002; Lahtinen et al., 2005). Particularly during
middle school years, when learners ascend from the concrete operational phase to the
abstract operational phase, today’s graphics-based visual programming tools are used
to overcome the difficulties. Software products such as Alice, Scratch, Microsoft Small
Basic, Toontalk, Stagecast Creator, and Code GameLab serve this purpose. These tools are
preferred especially for enhancing algorithmic thinking skills of middle school students
and facilitating the teaching of programming.

With the introduction of software that facilitates the teaching of programming, it can be
easily noticed that academic studies in this area have become widespread across different
age groups, courses, and objectives. Lately, the interest and curiosity of researchers about
programming teaching, which plays an important role in the teaching of the 21st-century
skills, have increased. At the same time, the number of studies dealing with programming
education has increased significantly. As a result of these, research designs of studies
have shown certain trends recently.

The purpose of the studies on programming teaching was mostly to improve the
cognitive and/or affective characteristics of the participants. Studies have examined the
effects of different pedagogical approaches and teaching environments for this purpose.
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Shim, Kwon, & Lee (2017) and Tochacek, Lapes, & Fuglik (2016) emphasized that robotic
programming environments positively improve students' attitudes towards programming
and help them learn to program. Meerbaum-Salant, Armoni & Ben-Ari (2013) and Oluk,
Korkmaz & Oluk (2018) have determined that the Scratch environment is effective in
teaching programming concepts. Vatansever & Baltaci-Goktalay (2018) concluded that
programming with Scratch positively affected the development of the problem-solving
skills of the participants. Werner & Denning (2009) and Hartl et al. (2015) found that
pair programming positively affects students' motivation and problem-solving skills.
Johnson (2017) and Baytak & Land (2011) stated that game-based programming teaching
is effective in teaching programming concepts.

The increase in academic studies on the teaching of programming has led to the
appearance of common points and differences in the planning of research designs.
Still, distinctions remain in study aim, the programming tool used, the content, the data
collection tools, and duration of research related to programming teaching.

This study aims to analyze the articles related to programming teaching for middle
school pupils by using content analysis method and to propose a framework for the
design of studies on programming teaching in middle schools. The ultimate goal of
the study is to depict the overall look of the teaching of programming and guide future
studies accordingly. The study seeks to answer the following questions.

1. What does the distribution of published articles on middle school students look like
against certain criteria (year, research method, participants’ grade, data collection
tools, programming tool, content, and duration)?

2.What do published articles about middle school students have in common considering
research design qualities?

Method

In this study, a review was conducted on articles published about teaching and using
programming for middle school students. For data analysis, the content analysis method
was used as required by the nature of the study, namely document review. Content
analysis is a research method based on composing, classification, comparison, and
theoretical interpretation of documents. This method was chosen to bring together the
data concerned and to present them in a way readable and understandable to readers
in this study. The articles were reviewed to find out the year, method, sample level, data
collection tool, programming tool used, teaching time, content, aim, and results. Study
data were collected by using an article review form and then analysed with descriptive
statistical methods.

Population and Sample

The study population consists of the articles on teaching and using programming for
middle school students published in refereed journals.
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Collection and Analysis of Data

"o

During the literature review, the keywords "computer” "programming", and "middle
school" were used at one same time in the databases Google Scholar, ERIC, and Web
of Science for articles published after 2000. The search was limited to study groups
consisting of middle school students at grades 5 to 8, or students aged 10 to 15 since
middle school covers different years in different countries.

The main parts of the articles such as title, abstract, and keywords were used as inclusion
criteria in this study. In cases where decisive information could not be obtained from
these parts, other sections of the articles were examined. A total of 62 articles that meet
the criteria were obtained from the preliminary examination for further analysis and
included in the study. The articles covered in our study were analysed and coded against
the criteria of year, content, aim, and results by using the article review form. The selection
and coding of the articles were carried out by two researchers. Cohen’s kappa statistic
was used to determine whether the reliability between the two coders was acceptable.
Kappa coefficient was calculated as 0.92. According to this result, compatibility between
coders is perfect (Landis & Koch, 1977). The results of the analysis are presented in
tables and diagrams.

Results

This study was intended to reveal the distribution of the studies on programming
teaching to find out the similarities and eventually devise a framework to be used in
designing studies for programming teaching at the secondary level. As a result of the
analysis of the articles by year, research method, sample group age, data collection tool,
programming tool, content, duration, aim, and results, the distributions are displayed
in charts. The examined articles are presented in Appendix 1. In light of these findings,
common aspects of the studies related to design were elicited and a research design
framework was formed. The framework is shown in Figure 11.

Analysis of Articles According to the Years

Distribution of the studies discussing the teaching of programming to middle school
students was analysed and by years and the findings were given in Figure 1 below.

Articles by Years
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Figure 1. Distribution of Studies by Years
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According to Figure 1, the number of studies related to programming teaching at
the secondary level has increased across years, the highest number of studies being
published in 2018.

Analysis of Articles According to the Research Methods
Distribution of the articles by the research methods was shown in Figure 2 below.
Articles by Research Methods

4.84%
6.45%

® Experimental study
M Case study
u Correlation study

M Descriptive study

Figure 2. Distribution of Studies by Research Methods Used

Figure 2 demonstrates that the majority of the articles under consideration comprised
of experimental studies. According to our analysis, a total of 62 articles include 41
(66 %) experimental studies, 14 case studies (22 %), 4 correlation studies (6 %), and 3
descriptive studies (4 %).

Analysis of Articles According to the Participants
Below is shown the distribution of the articles by study group age in Figure 3.

Articles by Participants' Grade

m 6th grade
m 5th grade
m 8th grade
m 7th grade

M Unspecific grade

Figure 3. Distribution of Studies by Participants’ Grade
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Figure 3 shows that within secondary education, the 6™ grade is the most frequently
preferred grade level for researches on programming teaching (36 %), which is followed
by the 5" grade (20 %) and 7" grade (13 %). However, some of the studies were found to
have mixed classes covering more than one specific class level. Likewise, there were a large
number of studies which indicate the range of age only, without the grade level (14 %).

Analysis of Articles According to the Data Collection Tools

Distribution of the investigated studies by data collection tools is shown in Figure 4.

145%_  145% 5 gpy Articles by Data Collection Tools

45%

1.45%

B Questionnaire/Scale
B Achievement test
m Interview
B Artifact analysis
m Observation
o Skill test
= Audio record
m Diary
Video record
W Average academic grade
W Document analysis

Other
Figure 4. Distribution of Studies by Data Collection Tools Used

As seen in Figure 4, it was found out that the most commonly used data collection
tools in studies investigating the teaching of programming at middle school level were
questionnaires/scales (31 %), followed by achievement tests (17 %), and interviews (15
%). Besides, more than one data collection tool was used in most studies.

Analysis of Articles According to the Programming Tools

Figure 5 below displays the distribution of the studies in scrutiny by programming

tools used.
Articles by Programming Tools

N Scratch

I Alice

W Logo

B Game Maker

3.03% = Macromedia Flash MX
3.03% W LEGO Mindstorms
%% Code.org

8 Microsoft Kodu

4.55% -,
Empirica Control

4.55% W Other

Figure 5. Distribution of Studies by Programming Tools Used
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Figure 5 reveals that Scratch is the most popular programming tool in the studies
discussing programming teaching at the secondary level (45 %). Scratch was followed
by other tools as Alice (7 %) and Logo (6 %), respectively. Apart from these, some of
the studies employed more than one programming tool. In the pie chart above, “Other”
(18.18 %) contains the tools used in one specific study and once only.

Analysis of Articles According to the Contents

In Figure 6, the distribution of the sample studies by the contents is shown.

1.54% _ 1.54% _1.54%

3.08% .
Articles by the Contents

4.62%

[ Programming teaching

B Mathematics teaching

[ Social sciences teaching

I Language teaching

I Natural sciences teaching

I Technology and design teaching
[0 Arts teaching

Figure 6. Distribution of Studies by the Contents
Figure 6 demonstrates that a substantial portion of the studies in our sample relates
to programming instruction. However, some studies were seen to address more than
one particular content.

Analysis of Articles According to the Experimental Duration

Distribution of the studies examined here by experimental duration is as shown in
Figure 7.

Articles by Experimental Duration
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Figure 7. Distribution of Studies by Experimental Duration
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As understood from Figure 7, the majority of the studies investigated here were
implemented for 1 to 3 months. In addition, it was found out that the duration was the
same, 1-3 months, in studies carried out to develop both cognitive and affective traits
and those targeting cognitive traits only.

Analysis of Articles According to the Aims

It was found out that the overall goal of the educational studies reviewed here is to
examine or develop cognitive or affective domains of participants. The aims of the studies
here were divided into two groups as cognitive and affective studies, considering the
aims and data collection tools used in respective studies. The results and distributions
are shown in Figure 8.

Study Aims by Targeted Domain

B Both cognitive and
affective

B Cognitive only

u Affective only

Figure 8. Distribution of Studies by Cognitive or Affective Domain in Target

In Figure 8, it is seen that 34 of a total of 62 studies intend to analyse or improve
both cognitive and affective traits of participants. This is followed by 22 studies (35 %)
aimed at examining or developing only cognitive traits and 6 examples (9 %) targeting
to examine or develop only affective traits, respectively.

In particular, analysis of the studies discussing cognitive domain revealed that 40 of
56 studies deal with academic achievement and 21with cognitive skills. On the other
hand, 35 of 40 studies studying the affective domain attitude were seen to focus on
attitudes (interest, engagement, and student opinion), 4 on self-efficacy, and 2 deal with
self-confidence.

From the perspective of data collection tools employed in cognitive studies, it was
found out that achievement tests and artefact analysis were the most common means of
measuring academic success. As regards to the measurement of cognitive skills (problem-
solving, computational thinking), the most frequently applied tools can be listed as
questionnaires/scales, skill tests, interviews, observations, and audio records. In the
studies investigating affective traits, it was reported that questionnaires/scales, interviews,
and observations were mostly employed to analyse variables such as attitude/interest.
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Analysis of Articles According to the Result

Results from 51 studies related to various effects of programming teaching were
evaluated from the perspective of cognitive and affective purposes. Distribution of the
results from both cognitive and affective intervention studies is given in Figure 9 and
the results from those with cognitive domain only are distributed in Figure 10. Lastly,
a special chart is not provided for affective studies only because of the number of such
studies as small as 2.

Results from Double-Intervention Studies

I Cognitive-and-Affective Domain
Improved

I Affective Domain Improved Only

Cognitive Domain Improved Only

Figure 9. Distribution of Results from Cognitive-and-Affective Intervention Studies

Results from Cognitive-Only Intervention Studies

I Cognitive domain improved

I Cognitive domain not
improved

Figure 10. Distribution of Results from Cognitive-Only Intervention Studies

As Figure 9 and Figure 10 show, 31 intervention studies were carried out with the aim
of developing both cognitive and affective traits of participants. In 26 of them, positive
results were reported in both cognitive and affective traits of the students; while 4 studies
could not reach any difference in cognitive traits of the students, still influencing affective
traits positively. In the remaining 1 study, the intervention did not prove any difference
in affective traits of the students, while making a positive effect on cognitive traits. Of
all the studies, 18 aimed to improve only the cognitive abilities of the participants. As
a result, a positive change was noted in cognitive traits of the participants in 16 of the
studies. The rest of the two studies ended up with no cognitive improvement at all. As
for the other domain, 2 studies were designed to develop only affective traits of the
participants, both of which yielded expected results.
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Discussion and Conclusion

In this research, the articles related to programming teaching to middle school students
were examined with content analysis method according to year, research method, sample
level, data collection tool, programming tool, content, experimental duration, study aim,
and results. As a result, a research design framework was established for similar studies.

When studies on programming teaching for middle school students are viewed by years,
it becomes noticeable that there has been a great increase in the number of studies in this
matter especially in recent years, recording the peak number in 2018. This result seems
in agreement with the findings of Benzer and Ertimit (2017) reviewing postgraduate
theses discussing the teaching of programming in the Turkish context, Sahiner and
Kert (2016) reviewing studies related to computational thinking, and also Catlak et al.
(2015) investigating the examples which use Scratch. The studies inspecting effects of
programming on cognitive processes are rooted in the 1960s when the programming tool
LOGO was developed (Baki & Ozpmar, 2007; Feurzeig, Papert, Bloom, Grant, & Solomon,
1969; Milner, 1973; Pea, 1983). In relation to the tendencies in academic studies, the huge
increase in the number of studies on programming teaching in recent years seems to arise
from the fact that the importance and necessity of programming teaching are appreciated
for development of the 21st-century skills (Gunbatar & Karalar, 2018; Han et al., 2016;
Shim et al., 2017; Soykan & Kanbul, 2018), most countries add programming-related
courses to their primary, middle, and high school curricula (Han et al., 2016; Heintz et
al., 2016; MoNE, 2018; Moreno-Leon et al., 2016), and programming tools have been
specially designed for the teaching of programming at the secondary level (Kalelioglu
& Giilbahar, 2014; Korucu & Atici, 2018; Lye & Koh, 2014; Resnick et al., 2009).

The majority of the articles under review consist of experimental studies. The literature
stresses that programming teaching has an important potential in developing the skills
for the 21st century (Gunbatar & Karalar, 2018; Han et al., 2016; Kanbul & Uzunboylu,
2017; Papadakis, Kalogiannakis, & Zaranis, 2016; Shim et al., 2017; Soykan & Kanbul,
2018). This has led to an increase in the number of experimental studies examining
the effects of programming instruction on the development of the 21st-century skills
acquired by students.

An overview of the study samples in question demonstrates that the most preferred
class level was the 6th grade and a lot of studies were carried out with students studying
at different grade levels. This finding seems in accord with Benzer and Ertimit (2017),
which also noted that the 6th grade is the most often preferred class level among studies
about programming teaching in middle schools. This class level covers a special period
when children shift from concrete operations to abstract operations (Moreno-Leon et
al., 2016). Good abstract thinking skills are regarded as crucial factors for success in
the teaching of programming (Koppelman & van Dijk, 2010; Kramer & Hazzan, 2006).
These reasons seem to stand as the main reasons for the researchers’ choice of the 6th
grade as the sample level.
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As another criterion for inclusion in our study, the data collection tools were listed as
questionnaires/scales with the highest frequency. Other most common instruments were
found as achievement tests and interviews. This result appears compatible with findings
from several previous studies including Sahiner and Kert (2016) investigating studies
on computational thinking; Bacca et al. (2014) reviewing studies on augmented reality
in instructional settings; Goktas et al. (2012) screening works related to educational
Technologies in Turkey, and Simgek et al. (2009) reviewing master theses on educational
technologies in Turkey. It is thought that questionnaires/scales are preferred with the
highest frequency owing to the convenience of collecting data from larger groups easily
and fast (Buyiikoztirk, Kilig-Cakmak, Akgiin, Karadeniz, & Demirel, 2017). In addition,
it was determined that more than one data collection tool was used in most studies.
When it is necessary to collect both quantitative and qualitative data in studies, it may
be necessary to use more than one data collection tool (Balci, 2016).

Again, the studies reviewed here indicate Scratch as the most used programming tool.
Nevertheless, some studies were found to use more than one programming tool. The result
is consistent with the results of the study performed by Benzer and Erumit (2017). This
might be accounted by the fact that text-based programming environments pose many
difficulties to students (Ozmen & Altun, 2014); while they encounter less trouble with
visual-based programming environments, leading to smooth learning and understanding
of programming (Wilson & Moffat, 2010). In most studies, it was reported that Scratch
as a visual-based programming tool advances both cognitive and affective aspects of
learning of programming by students (Brown et al., 2008; Burke, 2012; Deveci-Topal,
Coban-Budak, & Kolburan-Geger, 2017; Ferrer-Mico et al., 2012; Meerbaum-Salant et
al.,2013; Oluk et al., 2018). Yet, the way that different programming tools affect students'
cognitive and affective traits remains a curious research topic.

In our review, it was seen that a significant part of the studies is related to programming
teaching. In addition to this, studies are available which survey contributions of computer
programming on language and social science teaching, especially mathematics teaching.
This finding seems in conformity with Catlak et al. (2015) and Sahiner and Kert (2016).
Programming has the potentials to support teaching of not only computer sciences but
also mathematics (Baki & Ozpinar, 2007; Brown et al., 2008; Ferrer-Mico et al., 2012;
Ke, 2014), natural and social sciences (Baytak et al., 2011; Navarrete, 2013; Saez-Lopez
et al., 2016), and languages (Burke, 2012; Moreno-Leon et al., 2016). Since most of the
research was done in computer science courses, it does not sound surprising to find the
contents related to programming teaching.

In relation with duration, it can be said that studies on programming teaching at the
secondary level mainly last for 1 to 3 months. This result is similar to findings reached by
a set of preceding studies such as Benzer and Ertimit (2017); Hazir-Bikmazet al. (2013)
investigating dissertations on educational curricula and teaching; Polat (2015) analysing
studies on critical thinking skill; and Dirlikli et al. (2016) looking into master theses on
collaborative learning in Turkey. This could be accounted for the fact that programming
teaching is often restricted to one semester in curricula.
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From the target domain point of view, it is seen that studies investigating cognitive
traits (achievement and cognitive skills) outweigh those examining affective traits
(attitude, perception, interest, motivation, opinion, self-confidence, self-efficacy). These
results seem in conformity with Ulutas and Ubuz (2008) researching the studies on
mathematics education in Turkey and also Turhan-Tiirkkan and Arslan-Namli (2018)
giving insight into postgraduate Turkish theses regarding the use of software in the
teaching of mathematics. More than that, the bulk of the studies investigated here
address both cognitive and affective traits of participants. In our study, success was
seen to be the most widely studied cognitive variable and attitude/interest as the most
common affective variable, respectively. In broad terms, the objective of educational
studies is to analyse or enhance cognitive or affective domains of participants. Bearing
in mind that programming is promising for developing cognitive skills in the first place
as a part of the 21st-century skills, it seems more than natural to investigate or develop
cognitive traits in programming-related research. The emphasis in the literature on
the existence of a positive relationship between the cognitive domain and the affective
domains (Anastasiadou & Karakos, 2011; Hawi, 2010; Hongwarittorrn & Krairit, 20105
Korkmaz & Altun, 2013) is considered to justify the supremacy of the studies dealing
with both domains.

As another criterion, the probing of the study results reveals that the majority could
reach the desired objectives. Again, most of the examples were concluded with a positive
effect on both the cognitive and the affective traits of the participants. The rate of success
in the affective domains was found even higher than in the cognitive domains. In a
similar study, Catlak et al. (2015) reviewed the studies using Scratch as a programming
tool. They ascertained that the entirety of the results was positive in connection with
the affective domain and it was the case for a large portion of the cognitive domain. As
another example, Lye & Koh (2014) screened studies which seek to enhance computational
thinking skills through programming. They also reported positive results in most of the
studies investigated. So we are at liberty to say that our result is compatible with Catlak
etal. (2015) and Lye & Koh (2014).

Lastly, the results of the studies of intervention let out the following statements with
the highest incidence. Game design activities, binary programming methods, and
robotic programming activities contribute to students' learning of concepts related to
programming and improve their attitudes and motivation towards programming and thus
their interest in the course. This finding is similar to the results recorded by Catlak et al.
(2015) on the impact of Scratch as a programming tool on the teaching process. However,
it is possible to notice some contradictions concerning the results obtained from the
studies discussing computational thinking and problem-solving skills as the prominent
skills required in the 21st century. In some studies, the teaching of programming has a
positive effect on computational thinking and problem solving skills (Akcaoglu, 2014;
Brown et al., 2008; Chen et al., 2017; Vatansever & Baltaci-Goktalay, 2018; Werner &
Denning, 2009; Yiinkiil, Durak, Cankaya, & Misirl, 2017); whereas some others mention
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Figure 11. Design Framework for Studies on Teaching Programming
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no benefit of the implementation on the said skills (Kalelioglu & Giilbahar, 2014; Kukul
& Gokgearslan, 2014; Oluk & Saltan, 2015). It would not be too daring to suggest that
high-level skills such as problem-solving cannot be developed in a short time and hence
long-term and multi-application studies should be carried out (Kalelioglu & Giilbahar,
2014; Kukul & Gokeearslan, 2014; Oluk & Saltan, 2015).

In conclusion, although the studies examined here were planned with disparate
programming tools, data collection tools, durations, contents, and aims, they exhibit similar
aspects, which lays the foundations for a research framework appealing to researchers
studying effects of programming teaching at the secondary level. The aspects of research
design shared by the studies here were determined from the distributions of the studies
and a design framework was created for programming teaching studies subsequently.
The research design framework is modelled in Figure 11 below.

Figure 11 shows the design framework for studies on teaching programming in
secondary education. It is believed that this framework will guide researchers in the
processes of planning and designing their research on programming teaching. The model
was drafted by identifying clusters of method, size, aim, data collection tool, teaching
time, programming tool, and the contents of the course in the studies under scrutiny. It
is seen that the studies on programming teaching employed diverse research methods
depending on the respective aim in connection with the affective or the cognitive domain.
Research methods vary depending on the design of the study. Another striking inference
from the distribution of the researches is that in the whole of the studies, programming
instruction was shaped under supervision of the students or researcher, instead of
building them on a certain rationale or theoretical standard.

Although studies on teaching programming have been realized since the 1960s, it
seems worth noting that the examples about programming teaching at the secondary
level have densely attracted researchers’ attention shortly and are expected to continue
in the future. We think that the unveiling of similar and dissimilar aspects of the related
studies is likely to guide and assist responsive researchers.
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Okvir za istrazivanje nastave
programiranja u srednjoskolskom
obrazovanju

Sazetak

Ovo istrazivanje nasiroko razmatra literaturu o nastavi programiranja u srednjim
skolama pomocu metode kvalitativne analize sadrZaja i pretpostavlja se da Ce
istrazivacima ponuditi okvir za dizajniranje istraZivanja koji ce ih voditi u procesima
planiranja i projektiranja njihovih istraZivanja o nastavi programiranja u srednjoj
skoli. Za potrebe pristupa relevantnoj literaturi, pretraZili smo baze podataka
pomocu kljucnih rijeci ,,racunalo”, ,,programiranje” i ,,srednja skola” uzetih zajedno,
ogranicavajuci rezultate na clanke objavljene nakon 2000. godine. Kao rezultat
toga, primijetili smo porast trendova u istraZivanjima o nastavi programiranja
na srednjoskolskoj razini, uzimajuci u obzir godine, od kojih je velina istrazivanja
empirijske naravi. Osim toga, postojeca su istraZivanja uglavnom provedene s
ucenicima Sestih razreda koji pretezno koriste alate za prikupljanje podataka u
obliku upitnika/ljestvica i testova postignuca. Sto se tice alata za programiranje,
Scratch je najcesée koristen. lako postoji dosta clanaka koji istrazuju kontekst nastave
programiranja, otkriveno je da neka istrazivanja navode programiranje kao pomocno
sredstvo u ucenju matematike, prirodnih znanosti, jezika, vjestina pisanja i drustvenih
znanosti. Zakljucno, valja napomenuti da se ocekuje da ée sadasnje istrazivanje
otvoriti put buducim istraZivanjima, rasvjetliavajuci cjelokupnu situaciju nastave

programiranja.

Kljuéne rijedi: analiza sadrzaja; kodiranje; poucavanje programiranja; racunalno

programiranje; srednja skola.

Uvod

U radnom Zivotu, povecana potraznja za informatickim stru¢njacima podigla je
interes za racunalnu znanost, §to je rezultiralo i organiziranjem informatickih tecajeva
na razli¢itim razinama obrazovanja (Qian i Lehman, 2016). Brojni istrazivadi i studije
naglasavaju potencijalne znacajne prednosti ukljuc¢ivanja nastave programiranja u
osnovne i srednje $kole (Saez-Lopez i sur., 2016). Ucenje programiranja potice razvoj
nekoliko vjestina koje nazivamo vjeStinama za 21. stoljece, $to ukljucuje rjesavanje
problema (Calao i sur., 2015; Fessakis i sur., 2013), kreativno razmisljanje (Gupta i sur.,
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2012; Navarrete, 2013), algoritamsko razmisljanje (Hromkovic i sur., 2016), refleksivno
razmisljanje (Kalelioglu, 2015), kriticko razmisljanje i vjestine ra¢unalnoga razmisljanja.
Ovi blagodatni ucinci programiranja nisu ograniceni na gore navedene vjestine jer
pridonose i u¢enju matematike, prirodnih znanosti, drustvenih znanosti i jezika (Baki
i Ozpinar, 2007; Baytak i sur., 2011; Brown i sur., 2008; Burke, 2012; Ferrer-Mico i sur.,
2012; Ke, 2014; Moreno-Leon i sur., 2016; Navarrete, 2013; Saez-Lopez i sur., 2016). Iz tih
se razloga vidi da je doslo do intenzivnih pokusaja poucavanja programiranja u skolama,
osobito posljednjih godina (Moreno-Leon i sur., 2016). Vecina zemalja ve¢ je uvrstila
nastavu programiranja (za koju se o¢ekuje da ¢e donijeti znacajne prednosti) u svoje
nastavne programe te su je ukljucile u razli¢ite razine $kolovanja pocevsi od osnovne
$kole (Han i sur., 2016; Heintz i sur., 2016; MoNE, 2018).

Programiranje je proces prijenosa problema u ra¢unalno okruzenje pomocu softvera
nakon njihovoga modeliranja (Benzer i Eriimit, 2017). Lye i Koh (2014) smatraju da
programiranje zahtijeva vjestine apstrakcije i analize, a ne samo kodiranje. Cinjenica da
programiranje kao proces stvaranja rje$enja za probleme uklju¢uje niz mentalnih vjestina
(Benzer i Eriimit, 2017) izaziva ucenike da se suoce s teSko¢ama u nastavi programiranja
i percipiraju programiranje preteskim (Askar i Davenport, 2009; Guzdial i Soloway, 2002;
Lahtinen i sur.,2005). Danas se grafi¢ki alati vizualnoga programiranja za prevladavanje
poteskoca, posebice u srednjoskolskoj dobi, kad ucenici napreduju od faze konkretnih
operacija do faze apstraktnih operacija. U ovu svrhu sluze softverski proizvodi kao $to
su Alice, Scratch, Microsoft Small Basic, Toontalk, Stagecast Creator i Code GameLab.
Ovi su alati posebno pozeljni za pobolj$anje algoritamskih vjestina razmisljanja ucenika
srednjih $kola i olak$avanje nastave programiranja.

S pojavom softvera koji olakSava poucavanje programiranja, lako je primijetiti da su
akademska istrazivanja u ovom polju $iroko rasprostranjena medu razli¢itim dobnim
skupinama, $kolskim predmetima i ishodima ucenja. U zadnje vrijeme povecan je interes
i znatizelja istrazivaca za nastavu programiranja koja ima vaznu ulogu u poucavanju
vjestina 21. stolje¢a. Istodobno, broj studija usmjerenih na obrazovanje o programiranju
znatno je porastao. Ovo je rezultiralo pojavom odredenih trendova u dizajnima istrazivanja
tih studija.

Cilj istrazivanja nastave programiranja bio je uglavnom pobolj$anje kognitivnih i/ili
afektivnih karakteristika sudionika. Istrazivanjem se proucilo ucinke razli¢itih pedagoskih
pristupa i nastavnih okruZenja kako bi se postigao taj cilj. Shim i sur. (2017) i Tochac¢ek
i sur. (2016) naglasili su da robotska programska okruzenja pozitivno poboljsavaju stav
ucenika prema programiranju i pomazu im da naude programirati. Meerbaum-Salant
isur. (2013) i Oluk i sur. (2018) utvrdili su da je okoli§ Scratch softvera u¢inkovit u
poucavanju koncepata programiranja. Vatansever i Baltaci-Goktalay (2018) zakljucili su
da je programiranje u Scratchu pozitivno utjecalo na razvoj vjestina rjeSavanja problema
kod sudionika. Werner i Denning (2009) i Hartl i sur. (2015) otkrili su da programiranje u
parovima pozitivno utjece na motivaciju uc¢enika i vjestine rjesavanja problema. Johnson
(2017) i Baytak i Land (2011) izjavili su da je nastava programiranja temeljena na igrama
ucinkovita u objagnjavanju koncepata programiranja.
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Povecanje akademskih studija o pouc¢avanju programiranja dovelo je do zajednickih
tocaka i razlika u planiranju dizajna istrazivanja. Ipak, razlike i dalje postoje u ciljevima
istrazivanja, kori$tenim alatima za programiranje, sadrzaju, alatima za prikupljanje
podataka i trajanju istrazivanja vezanih za nastavu programiranja.

Cilj je ovoga istrazivanja analizirati ¢lanke koji se odnose na nastavu programiranja
u srednjoj $koli pomoc¢u metode analize sadrzaja kao i ponuditi okvir za dizajniranje
istrazivanja nastave programiranja u srednjoj $koli. Krajnji je cilj istrazivanja opisati
cjelokupni dojam nastave programiranja i sukladno tome usmjeravati buduca istrazivanja.
S obzirom na navedeno formulirana su sljedeca istrazivacka pitanja:

1. Kako izgleda distribucija objavljenih ¢lanaka o u¢enicima srednjih $kola prema
odredenim kriterijima (godini objave, metodi istrazivanja, razredu sudionika,
alatima za prikupljanje podataka, alatima za programiranje, sadrzaju i trajanju)?

2. Sto je zajednicko objavljenim ¢lancima o u¢enicima srednjih $kola s obzirom na
osobine dizajna istrazivanja?

Metodologija

U ovom istrazivanju pregledani su objavljeni ¢lanci o poucavanju i koristenju
programiranja za ucenike srednjih $kola. Za analizu podataka koristena je metoda analize
sadrZaja, odnosno, pregled dokumenata, kako je to zahtijevala priroda istraZivanja. Analiza
sadrZaja je metoda istrazivanja koja se temelji na sastavljanju, klasifikaciji, usporedbi
i teorijskom tumacenju dokumenata. Ova je metoda odabrana kako bi se povezali
relevantni podatci te kako bismo ih predstavili na ¢itljiv i jasan nacin ¢itateljima ovoga
istrazivanja. Clanci su pregledani kako bismo saznali godinu objave, metodu, razinu
uzorka, alat za prikupljanje podataka, koristeni alat za programiranje, trajanje, sadrzaj,
svrhu i rezultate. Podatci istrazivanja prikupljeni su pomocu recenzentskoga obrasca, a
zatim analizirani pomoc¢u deskriptivnih statisti¢kih metoda.

Populacija i uzorak

Uzorak istrazivanja sastoji se od ¢lanaka o nastavi i koristenju programiranja za u¢enike
srednjih $kola objavljenih u referiranim ¢asopisima.

Prikupljanje i analiza podataka

Tijekom pregleda literature, klju¢ne rije¢i ,ra¢unalo’,,,programiranje”i,,srednja skola”
istodobno su kori$tene u bazama podataka Google Scholar, ERIC i Web of Science za
¢lanke objavljene nakon 2000. godine. Pretrazivanje je ograniceno na nastavne skupine
koje se sastoje od srednjoskolaca od 5. do 8. razreda ili u¢enika u dobi od 10 do 15 godina,
bududi da pojam ,,srednja $kola” obuhvaca razli¢ite godine u razli¢itim zemljama.

Glavni dijelovi ¢lanaka kao $to su naslov, sazetak i klju¢ne rijeci koristeni su kao kriteriji
za ukljucivanje u ovu studiju. U slucajevima kada se odlu¢ujuce informacije nisu mogle
dobiti iz tih dijelova, razmotrili su se i drugi dijelovi ¢lanaka. Preliminarnim pregledom
za daljnju analizu dobivena su ukupno 62 ¢lanka koji zadovoljavaju ove kriterije te su
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ukljuéeni u istrazivanje. Clanci pregledani u nagem istrazivanju analizirani su i kodirani
prema kriterijima godine, sadrZaja, cilju i rezultatima putem recenzentskoga obrasca.
Odabir i kodiranje ¢lanaka provodila su dvojica istrazivaca. Statistika Cohenova Kappa-
koeficijenta koristena je kako bi se utvrdilo je li pouzdanost izmedu dva kodera prihvatljiva.
Kappa-koeficijent izra¢unat je kao 0,92. Prema ovom rezultatu kompatibilnost izmedu
kodera je idealna (Landis i Koch, 1977). Rezultati analize prikazani su u obliku tablica
i grafikona.

Rezultati

Ova je studija osmisljena kako bi se identificirala distribucija istrazivanja nastave
programiranja, kako bi se utvrdila sli¢nost i na kraju razvio okvir koji ¢e se koristiti
u razvoju istrazivanja nastave programiranja na srednjoskolskoj razini. Kao rezultat
analize ¢lanaka prema godini objave, metodi istraZivanja, dobi skupine uzorka, alatu za
prikupljanje podataka, alatu za programiranje, sadrzaju, ciljevima i trajanju, rezultati
distribucije prikazani su u grafikonima. Pregledani ¢lanci prikazani su u dodatku 1. U
svjetlu ovih nalaza identificirani su op¢i aspekti istraZivanja vezanih uz dizajn i formiran
je okvir dizajna istrazivanja. Ovaj je okvir prikazan na slici 11.

Analiza ¢lanaka prema godini objave

Distribucija istrazivanja usmjerenih na nastavu programiranja kod srednjoskolaca
analizirana je i distribuirana prema godini objave, a dobiveni rezultati prikazani su na
slici 1 u nastavku.

Slika 1.

Prema slici 1, broj istrazivanja povezanih s nastavom programiranja na srednjoskolskoj
razini povecao se tijekom godina, a najveci broj studija objavljen je 2018. godine.

Analiza ¢lanaka prema metodama istrazivanja

Distribucija ¢lanaka prema metodama istrazivanja prikazana je na slici 2 u nastavku.

Slika 2.

Slika 2 pokazuje da se ve¢ina razmotrenih ¢lanaka sastojala od eksperimentalnih studija.
Prema nasoj analizi, od ukupno 62 ¢lanka 41 ¢lanak (66 %) ukljucuje eksperimentalnu
studiju, 14 studija slucaja (22 %), 4 korelacijske studije (6 %) i 3 opisne studije (4 %).

Analiza ¢lanaka prema ispitanicima

U nastavku se prikazuje distribucija ¢lanaka prema dobi nastavne skupine na slici 3.
Slika 3.

Slika 3 pokazuje da je u srednjoj Skoli 6. razred najcesce preferirani razred za istrazivanje
nastave programiranja (36 %), nakon kojega slijedi 5. razred (20 %) i 7. razred (13 %).
Medutim, neka su istrazivanja ukljucila i mjeSovite razrede koji obuhvacaju vise od
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jednoga specifi¢nog razreda. Sli¢no tome, mnoga su istrazivanja ukazala samo na dobni
raspon, bez navodenja razreda (14 %).

Analiza ¢lanaka prema alatima za prikupljanje podataka

Distribucija istrazivanja prema alatima za prikupljanje podataka prikazana je na slici 4.
Slika 4. Distribucija istrazivanja prema koristenim alatima za prikupljanje podataka

Kao $to se vidi na slici 4, utvrdeno je da su najcesce koristeni alati za prikupljanje
podataka u istrazivanjima koja su proucavala nastavu programiranja u srednjoj $koli
bili upitnici/ljestvice (31 %), nakon cega su uslijedili testovi postignuca (17 %) i intervjui
(15 %). Osim toga, vecina istrazivanja koristila je viSe od jednoga alata za prikupljanje
podataka.

Analiza élanaka prema alatima za programiranje

Slika 5 u nastavku prikazuje distribuciju istrazivanja prema odabranim alatima za
programiranje.

Slika 5.

Slika 5 pokazuje da je Scratch najpopularniji alat za programiranje u istrazivanjima
nastave programiranja na srednjoskolskoj razini (45 %). Nakon Scratcha slijede ostali
alati kao $to su Alice (7 %) i Logo (6 %). Osim ovih, neka su istrazivanja koristila viSe od
jednoga alata za programiranje. U gornjem kruznom grafikonu, sekcija ,,ostalo” (18,18 %)
sadrzi alate koji su se koristili u jednoj specifi¢noj studiji i samo jednom.

Analiza ¢lanaka prema sadrzaju

Slika 6 pokazuje distribuciju istrazivanja prema sadrzaju.
Slika 6.

Slika 6 pokazuje da je velik dio istrazivanja u naSem uzorku povezan s nastavom
programiranja. Medutim, neka su istrazivanja obratila paznju na vise od jednoga
specifi¢nog sadrzaja.

Analiza ¢lanaka prema trajanju eksperimenta

Distribucija ovdje pregledanih istrazivanja prema trajanju eksperimenta prikazana
je naslici 7.

Slika 7.

Kao $to se vidi na slici 7, ve¢ina ovdje razmatranih istraZivanja provedena je u razdoblju
od jednog do tri mjeseca. Osim toga, utvrdeno je da je trajanje istrazivanja koja su
provedena kako bi se razvile i kognitivne i afektivne osobine bilo jednako dugo, 1 - 3
mjeseca, kao i istrazivanja provedenih za razvoj samo kognitivnih osobina.
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Analiza ¢lanaka prema ciljevima

Utvrdeno je da je op¢i cilj istrazivanja koja se ovdje razmatraju proucavanje ili razvoj
kognitivnih ili afektivnih domena sudionika. Ciljevi ovih istrazivanja podijeljeni su u dvije
skupine: kognitivna i afektivna istrazivanja, s obzirom na ciljeve i alate za prikupljanje
podataka koji su uporabljeni u relevantnim istrazivanjima. Rezultati i njihova distribucija
prikazani su na slici 8.

Slika 8.

Na slici 8 vidljivo je da 34 od 62 istraZivanja ima za cilj analizirati ili pobolj$ati kognitivne
i afektivne osobine sudionika. Slijede 22 istrazivanja (35 %) usmjerena na proucavanje
ili razvoj samo kognitivnih osobina i 6 primjera (9 %) usmjerenih na proucavanje ili
razvoj samo afektivnih osobina.

Naime, analiza istrazivanja koja raspravljaju o kognitivnoj domeni pokazala je da se
40 od 56 studija bavi akademskim postignu¢ima, a 21 kognitivnim vjestinama. S druge
strane, 35 od 40 studija koje su istrazivale afektivnu domenu usredotocile su se na stavove
(interes, angazman i misljenje ucenika), 4 na samoucinkovitost i 2 na samopouzdanje.

Iz perspektive alata za prikupljanje podataka koji se koriste u kognitivnim istrazivanjima,
utvrdeno je da su testovi postignuca i analiza artefakata najées¢i na¢in mjerenja
akademskoga uspjeha. Sto se ti¢e mjerenja kognitivnih vjestina (rjesavanje problema,
racunalno razmisljanje), kao najc¢e$ce koristeni alati mogu se navesti upitnici/ljestvice,
testovi vjestina, intervjui, promatranja i audiozapisi. Kod istrazivanja koja su istrazivala
afektivne osobine, upitnici/ljestvice, intervjui i zapazanja uglavnom su koristeni za analizu
varijabli poput stavova, odnosno interesa.

Analiza ¢lanaka prema rezultatima

Rezultati 51 istrazivanja povezanih s razli¢itim u¢incima nastave programiranja
procijenjeni su u smislu kognitivnih i afektivnih ciljeva. Distribucija rezultata kognitivnih
i afektivnih intervencijskih studija prikazana je na slici 9, a rezultati istrazivanja samo
kognitivne domene prikazani su na slici 10. Na kraju, poseban grafikon nije naveden za
afektivne studije samo zbog nedovoljnoga broja takvih istrazivanja (2).

Slika 9.
Slika 10.

Kao $to se vidi na slikama 9 i 10, provedeno je 31 intervencijsko istrazivanje s ciljem
razvoja kognitivnih i afektivnih osobina sudionika. 26 ih je dobilo pozitivne rezultate
u kognitivnim i afektivnim osobinama ucenika, dok 4 istrazivanja nije uspjelo posti¢i
nikakve razlike u kognitivnim osobinama ucenika, a pozitivno je utjecalo na njihove
afektivne osobine. U preostalom 1 istrazivanju intervencija nije dokazala nikakve razlike u
afektivnim osobinama ucenika, a istodobno je pozitivno djelovalo na njihove kognitivne
osobine. Od svih istrazivanja, 18 ih je bilo usmjereno na poboljsanje samo kognitivnih
sposobnosti sudionika. Kao rezultat toga, 16 istraZivanja pokazalo je pozitivou promjenu
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u kognitivnim osobinama sudionika istrazivanja. Preostala 2 istrazivanja zavrsila su bez
ikakvoga kognitivnog poboljsanja. Sto se ti¢e druge domene, dva su istrazivanja bila
usmjerena na razvoj samo afektivnih osobina sudionika, a oba su dala ocekivane rezultate.

Rasprava i zakljucci

U ovome istrazivanju, ¢lanci koji se odnose na nastavu programiranja u srednjoj $koli
ispitani su metodom analize sadrzaja prema godini objave, metodi istrazivanja, razredu
uzorka, alatima za prikupljanje podataka, alatima za programiranje, sadrzaju, trajanju
eksperimenta, ciljevima istrazivanja i rezultatima. Kao rezultat toga, stvoren je okvir
istrazivackoga nacrta za provodenje sli¢nih istrazivanja.

Ako uzmemo u obzir istrazivanja o nastavi programiranja za ucenike srednjih kola
tijekom godina, postaje jasno da je, osobito posljednjih godina, broj takvih istrazivanja
znatno porastao, s najve¢im brojem zabiljezenim 2018. godine. Cini se da je ovaj rezultat
u skladu s nalazima Benzer i Ertimit (2017) koji razmatraju poslijediplomske disertacije
koje istrazuju poucavanje programiranja u turskom kontekstu, Sahiner i Kert (2016) koji
proucavaju istraZivanja vezana uz ra¢unalno razmisljanje, kao i Catlak i sur. (2015) koji
istrazuju primjere koristenja Scratcha. Istrazivanja koja istraZuju utjecaj programiranja
na kognitivne procese potjecu iz 1960-ih, kad je razvijen programski alat LOGO (Baki
i Ozplnar, 2007; Feurzeig i sur., 1969; Milner, 1973; Pea, 1983). Sto se tice trendova u
akademskim istrazivanjima, ¢ini se da je ogroman porast broja istrazivanja nastave
programiranja posljednjih godina povezan s ¢injenicom da je vaznost i potreba za
poucavanjem programiranja uvaZena kao bitna za razvoj vjestina 21. stolje¢a (Gunbatar
i Karalar, 2018; Han i sur., 2016; Shim i sur., 2017; Soykan i Kanbul, 2018), ve¢ina zemalja
dodaje predmete vezane uz programiranje u svoje osnovnoskolsko i srednjoskolsko
obrazovanje (Han i sur., 2016; Heintz i sur., 2016; MoNE, 2018; Moreno-Leon i sur., 2016),
a programski se alati takoder posebno dizajniraju za srednjoskolsku nastavu programiranja
(Kalelioglu i Giilbahar, 2014; Korucu i Atici, 2018; Lye i Koh, 2014; Resnick i sur., 2009).

Vedina pregledanih ¢lanaka sastoji se od eksperimentalnih istrazivanja. Literatura
naglasava da nastava programiranja ima vazan potencijal u razvoju vjestina za 21.
stoljece (Gunbatar i Karalar, 2018; Han i sur., 2016; Kanbul i Uzunboylu, 2017; Papadakis
isur.,2016; Shim i sur., 2017; Soykan i Kanbul, 2018). Ovo je dovelo do povecanja broja
eksperimentalnih studija koje istrazuju utjecaj nastave programiranja na razvoj ste¢enih
vjestina 21. stolje¢a kod ucenika.

Pregled uzoraka pokazuje da je najpozeljniji razred za istraZivanje 6. razred, a mnoga
su istrazivanja provedena s uéenicima iz razli¢itih razreda. Cini se da je ovaj nalaz u
skladu s Benzer i Ertimit (2017), koji takoder isti¢u da je 6. razred najc¢esce preferirani
razred u istrazivanjima o nastavi programiranja u srednjim $kolama. Ovaj razred pokriva
odredeno razdoblje u kojem djeca prelaze iz faze konkretnih operacija u fazu apstraktnih
operacija (Moreno-Leon i sur., 2016). Dobre vjestine apstraktnoga razmisljanja smatraju
se klju¢nim ¢imbenikom uspjeha u u¢enju programiranja (Koppelman i van Dijk, 2010;
Kramer i Hazzan, 2006). Cini se da su ti razlozi istraziva¢ima bili klju¢ni za odabir
6. razreda kao uzorka.
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Pod drugim kriterijem za ukljuc¢ivanje u nase istrazivanje, kao najucestaliji alati za
prikupljanje podataka navedeni su upitnici/ljestvice. Ostali naj¢es¢i alati bili su u obliku
testova postignuca i intervjua. Ovaj se rezultat ¢ini kompatibilnim s rezultatima nekoliko
prethodnih studija, uklju¢ujuci Sahiner i Curt (2016) koji proucavaju istrazivanja
racunalnoga razmisljanja; Bacca i sur. (2014) koji razmatraju istraZivanja o prosirenoj
stvarnosti u nastavi; Goktas i sur. (2012) koji istrazuju radove povezane s obrazovnim
tehnologijama u Turskoj i Simsek i sur. (2009) koji pregledavaju diplomske radove o
obrazovnim tehnologijama u Turskoj. Smatra se da su upitnici/ljestvice najpozeljniji
i najces¢i zbog prakti¢nosti jednostavnoga i brzoga prikupljanja podataka iz ve¢ih
skupina (Bitytikoztiirk i sur., 2017). Osim toga, utvrdeno je da ve¢ina istrazivanja koristi
viSe od jednog alata za prikupljanje podataka. U slu¢ajevima gdje je potrebno prikupiti
kvantitativne i kvalitativne podatke u istrazivanjima, moguce je da ¢e biti potrebno rabiti
viSe od jednoga alata za prikupljanje podataka (Balci, 2016).

I ovdje pregledana istrazivanja upucuju na to da je Scratch najcesce koristen alat
za programiranje. Ipak, u nekim se istrazivanjima rabilo viSe od jednoga alata za
programiranje. Rezultat je u skladu s rezultatima istrazivanja Benzera i Erumita
(2017). To se moze objasniti ¢injenicom da tekstualna programska okruzenja stvaraju
mnoge poteskoce za uc¢enike (Ozmen i Altun, 2014); dok se u vizualnim programskim
okruZenjima suocavaju s manje problema, $to rezultira lak$im u¢enjem i razumijevanjem
programiranja (Wilson i Moffat, 2010). Ve¢ina istrazivanja izvijestila je da Scratch kao
vizualni alat za programiranje kod ucenika razvija kognitivne i afektivne aspekte ucenja
programiranja (Brown i sur., 2008; Burke, 2012; Deveci—Topal isur., 2017; Ferrer-Mico
i sur., 2012; Meerbaum-Salant i sur., 2013; Oluk i sur., 2018). Ipak, pitanje kako razliciti
programski alati utje¢u na kognitivne i afektivne osobine ucenika ostaje poticajna tema
za daljnja istraZivanja.

Nagim smo pregledom uo¢ili da je znacajan dio istrazivanja povezan s nastavom
programiranja. Osim toga, postoje studije koje istrazuju doprinos ra¢unalnoga programiranja
u nastavi jezika i drustvenih znanosti, a osobito u nastavi matematike. Cini se da je ovaj
nalaz u skladu s istrazivanjima Catlak i sur. (2015) i Sahiner i Kert (2016). Programiranje
ima potencijal da pomogne u nastavi ne samo ra¢unalnih znanosti, ve¢ i matematike
(Baki i Ozpinar, 2007; Brown i sur., 2008; Ferrer-Mico i sur., 2012; Ke, 2014), prirode i
drustva (Baytak i sur., 2011; Navarrete, 2013; Saez-Lopez i sur., 2016), kao i jezika (Burke,
2012; Moreno-Leon i sur., 2016). Bududi da je vecina istrazivanja provedena na satima
informatike, ne iznenaduje nas da je sadrzaj tih sati povezan s nastavom programiranja.

Sto se tice trajanja istraZivanja, moZe se reéi da istrazivanja nastave programiranja na
srednjoj razini uglavnom traju od jednog do tri mjeseca. Ovaj je rezultat slican rezultatima
postignutim skupom prethodnih istrazivanja kao §to su Benzer i Ertimit (2017); Hazir-
Bikmaz i sur. (2013) koji su istrazivali istrazivanje disertacije o nastavnim programima i
poucavanju; Polat (2015) koji je analizirao istrazivanja o vjestinama kritickoga razmisljanja,
kao i Dirlikli i sur. (2016) koji su istrazivali diplomske radove o kolaborativnom ucenju
u Turskoj. To se moze objasniti ¢injenicom da je ucenje programiranja ¢esto ograniceno
na jedno polugodiste u nastavnim planovima i programima.
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Iz perspektive ciljne domene vidi se da istrazivanja kognitivnih osobina (postignuca
i kognitivnih vjestina) nadmasuju istrazivanja afektivnih osobina (stavova, percepcija,
interesa, motivacija, misljenja, samopouzdanja i samoucinkovitosti). Cini se da su ti
rezultati u skladu s istrazivanjem Ulutag i Ubuz (2008) o matematickom obrazovanju u
Turskoj, kao i istrazivanjem Turhan-Tiirkkan i Arslan-Namli (2018) koje pruza uvid u
turske poslijediplomske disertacije vezane uz koristenje softvera u nastavi matematike.
Stovise, ve¢ina ovdje istrazenih studija odnosi se i na kognitivne i na afektivne osobine
sudionika. U naem se istrazivanju uspjeh smatrao najrasirenijom kognitivnom
varijablom, dok je stav/interes najces¢a afektivna varijabla. U $irem smislu, cilj obrazovnih
istrazivanja je analizirati ili poboljsati kognitivne ili afektivne domene sudionika. Kako
programiranje nudi velik potencijal za razvoj kognitivnih sposobnosti prvenstveno kao
dio vjestina 21. stoljeca, ¢ini se da je vi$e nego prirodno istraziti ili razviti kognitivne
znacajke u istrazivanjima programiranja. Naglasak u literaturi o postojanju pozitivne
veze izmedu kognitivne i afektivnhe domene (Anastasiadou i Karakos, 2011; Hawi,
2010; Hongwarittorrn i Krairit, 2010; Korkmaz i Altun, 2013) shvaca se kao opravdanje
izvrsnosti istraZivanja obje domene.

Kao jo$ jedan kriterij, ispitivanje nalaza istraZivanja pokazuje da bi ve¢ina mogla
postidi Zeljene ciljeve. Ponavljamo, ve¢ina je primjera zaklju¢ena s pozitivnim utjecajem
na kognitivne i afektivne osobine sudionika. Stopa uspjeha u afektivnim domenama
pokazala se ¢ak i ve¢om nego u kognitivnim. U sli¢noj su studiji Catlak i sur. (2015)
pregledali rezultate istrazivanja Scratcha kao alata za programiranje. Utvrdili su da su svi
rezultati pozitivni u vezi s afektivnom domenom, kao i sa zna¢ajnim dijelom kognitivne
domene. Kao jos$ jedan primjer, Lye i Koh (2014) analizirali su istraZivanja usmjerena
na poboljsanje vjestina racunalnoga razmisljanja programiranjem. I oni su izvijestili o
pozitivnim rezultatima u vecini istrazenih studija. Stoga izjavljujemo da je na$ rezultat
kompatibilan s rezultatima Catlak i sur. (2015), kao i s rezulatima Lye i Koh (2014).

Na kraju, rezultati intervencijskih istrazivanja omogucili su iskazivanje sljedec¢ih tvrdnji
s najvecom ucestalo§¢u: aktivnosti dizajniranja igara, metoda binarnoga programiranja
i aktivnosti robotskoga programiranja pridonose uc¢enju koncepata povezanih s
programiranjem, kao i pobolj$anju u¢enickih stavova i motivacije za programiranje, a time
i njihovoga interesa za predmet. Ovaj je zakljucak sli¢an rezultatima istrazivanja Catlak
isur. (2015) o utjecaju Scratcha kao alata za programiranje na proces ucenja. Medutim,
moguce je primijetiti neke proturje¢nosti o rezultatima dobivenim istrazivanjima koja se
bave ra¢unalnim razmisljanjem i vje$tinama rje$avanja problema kao osnovnim vje$tinama
potrebnim u 21. stolje¢u. U nekim istrazivanjima nastava programiranja ima pozitivan
ucinak na raunalno razmisljanje i vjestine rje$avanja problema (Akcaoglu, 2014; Brown
i sur., 2008; Chen i sur., 2017; Vatansever i Baltac1-Goktalay, 2018; Werner i Denning,
2009; Yiinkiil i sur., 2017); dok neka druga ne spominju prednosti provedbe navedenih
vjestina (Kalelioglu i Giilbahar, 2014; Kukul i Gokeearslan, 2014; Oluk i Saltan, 2015). Ne
bi bilo previ$e hrabro pretpostaviti da se vjestine na visokoj razini, kao $to je rjesavanje
problema, ne mogu razviti u kratkom vremenu, stoga bi trebalo provesti dugoro¢no i
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vi$enamjensko istrazivanje (Kalelioglu i Giilbahar, 2014; Kukul i Gokgearslan, 2014;
Oluk i Saltan, 2015). Zaklju¢no, valja napomenuti da, iako su istraZivanja koja se ovdje
razmatraju planirana kori$tenjem razli¢itih alata za programiranje, alata za prikupljanje
podataka, trajanja, sadrzaja i ciljeva, ona pokazuju sli¢ne aspekte, §to postavlja temelje
za istrazivacki okvir koji bi mogao privudi istrazivace koji prouc¢avaju u¢inke nastave
programiranja na srednjoskolskoj razini. Aspekti dizajna istrazivanja koji su ovdje
podijeljeni predstavljenim istrazivanjima definirani su iz distribucija istrazivanja, a nakon
toga je stvoren okvir dizajna za istraZivanje nastave programiranja. Okvir istrazivackoga
dizajna prikazan je na slici 11 u nastavku.

Slika 11.

Na slici 11 prikazan je okvir dizajna za istrazivanje nastave programiranja u sustavu
srednjega obrazovanja. Vjeruje se da ¢e ovaj okvir pomo¢i u vodenju istrazivaca u
procesima planiranja i dizajniranja njihovih istrazivanja nastave programiranja. Model
je sastavljen odredivanjem klastera metode, veli¢ine, cilja, alata za prikupljanje podataka,
trajanja, alata za programiranje i sadrzaja nastave u istraZivanjima koje se proucavaju.
Ono $to se moze vidjeti jest da su istrazivanja nastave programiranja koristila razli¢ite
metode istraZivanja, ovisno o odgovaraju¢em cilju u vezi s afektivnim ili kognitivnim
podruc¢jem. Metode istrazivanja razlikuju se ovisno o dizajnu istrazivanja. Jos$ jedan
upecatljiv nalaz iz distribucije istrazivanja jest da je u svim istrazivanjima poduka
programiranja oblikovana pod nadzorom ucenika ili istrazivaca, a ne izgradena na
odredenom obrazlozenju ili teorijskom standardu.

Tako se istrazivanja nastave programiranja provode jo$ od 1960-ih, ¢ini se prikladnim
napomenuti da su primjeri nastave programiranja na srednjoskolskoj razini znacajno
privukli pozornost istrazivaca i oc¢ekuje se da ¢e daljnja istrazivanja nastaviti i u budu¢nosti.
Vjerujemo da bi otkrivanje sli¢nosti i razli¢itosti relevantnih istrazivanja moglo usmjeriti
istrazivace te im pomoc¢i u daljnjem radu.
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