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Abstract. Teaching programming presents numerous challenges, one of which is
selecting the most effective notation to introduce programming concepts to begin-
ners. This study explores different notation approaches for learning fundamental
programming concepts, with the objective of assessing how notation choice influ-
ences beginners’ performance. To investigate this, we conducted a controlled exper-
iment during short-term visits aimed at promoting programming in primary schools.
Our multinational study divided participants into three groups: one using block-
based notation (Poligot), one using text-based notation (Python), and one using both
simultaneously (Poliglot). After completing a training session, the participants en-
gaged in practical programming tasks to assess their performance in Python or the
multiple-representation environment Poliglot. The results indicate that the choice of
notation did not impact the performance of the participants significantly, as no statis-
tically significant differences were found between the three groups. These findings
were consistent across two different countries. Our study suggests that educators
can use different notations (Python, Poliglot, or a combination) confidently when
introducing programming to beginners. However, the performance results may im-
prove when training sessions are extended over a longer period.

Keywords: Programming Education, Block-based Programming, Text-based Pro-
gramming, Multiple-representation Environments, Programming Engagement,
Novice Programmers.

1. Introduction

Introducing programming to children in primary school is crucial in today’s digital world.
Early exposure to programming not only equips children with valuable technical skills,
but also enhances their complex problem-solving abilities [1, 2], creativity, communica-
tion, and teamwork skills. Despite its importance, informatics or programming subjects
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are still not part of the primary school curriculum in many countries [3, 4]. This gap in pri-
mary school education can lead to an essential void in future job markets. By integrating
programming into the curriculum [5], we can ensure that all children have the opportunity
to develop these essential skills, preparing them for a future where technology, as we all
agree, will play an important role in different aspects.

To address this deficit in primary school education we occasionally visit schools,
spending time with the children demonstrating software development. During these visits,
our aim is to engage the children by showcasing the development of simple applications
and potential career opportunities in the field of Computer Science. We believe that, as
guest lecturers in primary schools, we have several significant impacts. Guest lecturers
can bring enthusiasm to the subject, which is different from the usual ones, making it
more engaging for the children. The additional importance of guest lecturers is that they
can pave the way for a creative approach to the adoption of basic programming by teach-
ers in primary schools. Moreover, guest lecturers can introduce diverse perspectives and
knowledge that might not be readily available through the standard curriculum, enrich-
ing the children’s learning experience and highlighting the importance and relevance of
programming skills in today’s digital world.

However, teaching programming to beginners is a complex task that requires careful
consideration of various factors. One of the key challenges is the limited time available to
teach children programming during visits [6]. Another critical decision involves selecting
the appropriate notation to introduce programming concepts [7, 8]. Using block-based no-
tation (e.g., Scratch [9, 10], App Inventor [11]) allows the creation of visually appealing
games and applications [12, 13]. Conversely, text-based notation enables focused teach-
ing of fundamental programming concepts [14]. Each notation offers distinct advantages.
We believe that block-based notation is the most inspiring way to introduce program-
ming concepts, particularly for beginners. However, text-based notation is better suited
for long-term learning, as it prepares students for professional programming, which relies
primarily on textual coding. Early exposure to text-based syntax helps beginners build
confidence and familiarity with industry-standard programming languages.

On the other hand, the transition from block-based programming to text-based pro-
gramming is often highlighted as problematic; starting with block-based notation can
lead novice programmers to be reluctant to switch to text-based notation [15]. This is
a common pitfall that programming educators face. To address this problem, educational
tools have emerged that enable educators to teach novice programmers to use both nota-
tions simultaneously [16, 17]. The most significant advantage of a multi-representational
environment [ 18], which allows programming in two distinct notations, is that the transi-
tion from block-based to text-based notation occurs very naturally. For example, consider
how time-consuming it is to write math equations using blocks; in contrast, text-based
notation allows expressing math equations more naturally and efficiently. The strategy of
presenting both notations simultaneously helps students integrate seamlessly and under-
stand both forms of programming, easing the learning curve, and enhancing their overall
comprehension. Using both notations simultaneously facilitates a smooth transition be-
tween the visual and textual programming, allowing students to leverage the strengths
of each approach. This is especially beneficial for those who are already familiar with
one notation but need to transition to the other. Although we developed one such multi-
representational environment called Poliglot [18] that enables programming with both
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notations simultaneously, we are still determining the advantages of using such an educa-
tional programming environment.

Regardless of the strengths of using each notation mentioned above, our motivation
for this study arose from a practical need to evaluate whether the choice of programming
notation has a meaningful impact on beginners’ performance during short, introductory
programming sessions. Specifically, our objective was to investigate whether using block-
based, text-based, or both simultaneously (block and text) leads to statistically significant
differences in participants’ performance on basic programming tasks. To ensure a fair
comparison, all the groups received the same amount of instructional and training time,
although the participants using both notations were introduced to two notations simultane-
ously, potentially sacrificing performance. Furthermore, to examine how different educa-
tional contexts and prior programming exposure could influence the results, we conducted
the study in two different countries as part of a broader multinational investigation. The
following research questions guided our empirical study:

— RQ1: Does the type of programming notation (block-based, text-based, or using both
simultaneously) influence programming performance significantly?

— RQ2: How does programming performance vary between two different national con-
texts?

— RQ3: How does the duration of programming training sessions affect performance
outcomes, regardless of the notation used?

To test these research questions, we designed a controlled experiment [19-21], con-
ducted in classrooms during short-term visits (2 hours), including training and a brief test
at the end of the sessions. Additionally, in one country, we conducted sessions in 4 hours
to answer the third research question. This multinational study was conducted in two dif-
ferent countries, providing a broad perspective on the performance of these notations.
Our multinational study divided the participants into three groups: one using block-based
notation, another using text-based notation, and the third using both. After training, the
participants were assigned practical programming tasks.

This paper is an extended version of our previously published conference paper [22].
Although the core findings remain consistent, we have introduced substantial new content,
including a clearer articulation of the motivation and explicitly defined research questions.
Our multiple-representation environment, Poliglot, is now introduced more thoroughly,
with additional usage examples to illustrate its capabilities. The experimental design and
procedure are newly presented. In addition, a background study was added to the results,
and the experiment has been repeated to obtain a larger sample size of participants.

The paper is structured as follows. The second section provides crucial insights into
the background of the three different approaches used to teach beginners to program:
block-based, text-based, and both simultaneously. The following section introduces the
multi-representational environment Poliglot briefly, developed by one of the universities
participating in this study. The fourth section reviews related studies. The fifth section illu-
minates the experimental design, goals, and data collection instruments. The sixth section
presents the comparative results of the experimental study. The seventh section outlines
and discusses the essential findings from the empirical investigation. Subsequently, the
following section exposes critical threats to the validity of the results in this study. Fi-
nally, in the last section, conclusions are drawn regarding the research outcomes.
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2. Background

As stated earlier, our experiment included three approaches to teaching programming. In
this section, we introduce these alternatives and explain their dynamics and the potential
of their use as an introduction to the programming world. Each of the tools presented was
analyzed from the aspect of comprehensiveness to novice programmers, i.e., children who
had never encountered programming concepts before.

Block-based notation

Block programming allows early-age students to become familiar with basic program-
ming concepts [23] while strengthening programming logic by applying visual compo-
nents. Dedicated editors provide visualization of programming constructs and learning
through play. Pure block-based notation is still often used for children who encounter
programming at the earliest age. Block-based notation eliminates certain logical or se-
mantic types of errors that occur in text editors, since blocks can be combined according to
clearly defined rules in advance. By adopting the rules of combining blocks, the students
learn to eliminate inevitable mistakes spontaneously, contributing to faster acquisition of
text-based notation.

Scratch [24] is an editor that allows one to learn block programming notation through
play. It is based on a multi-panel, single-window setup, which provides transparency and
clear visibility at all times. Every change is noticeable immediately, giving the impres-
sion that the program is “alive”. Scratch supports hands-on, one of the main approaches
to practicing coding [25], through the ease of testing each block and learning through
changes and play. Although based on a block, Scratch can represent a reasonable basis
for adopting a bottom-up approach to programming, but also for introducing students to
extremely fine-grained programming [26].

Alice is another tool that enables active engagement during the process of learning
programming skills [27]. As the authors stated, one of the major challenges for novice
students in programming is “putting the pieces together”. Alice provides 3-D visualization
for solving different programming problems. The animated programming environment in
3-D enables the students to research further and develop algorithms for animating objects
in an even more intuitive and interesting way than 2-D environments provide. Creating
methods for objects and testing them in the dynamic 3-D environment can enhance the
adoption of object-oriented programming using text-based notation.

To approach young generations and activate them, not only when they are at the com-
puter in the classrooms, other systems can also be used, such as App Inventor [11]. This
tool is available on mobile devices. By using mobile devices, the students can practice pro-
gramming spontaneously and intuitively, even in moments of leisure. With this, through
the game and constant availability, interest in programming can be accelerated less for-
mally [26]. Using such systems, it is feasible to induce students to practice programming
spontaneously in their spare time [28].

Text-based notation
Python is a renowned text-based language, a multi-purpose programming language that
can be utilized on various platforms [29]. The simple and minimalistic text-based syntax
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makes Python a convenient programming language for beginners, whereas various spe-
cialized modules that can be imported contribute to the versatility of this programming
language. According to the data in [30], based on the number of Google searches for the
tutorials, Python surpassed Java in 2018, and has been the most popular programming
language ever since. Python enforces indentation as a way of separating nested blocks
of code, which leads to a more visually intuitive way of reading and understanding the
code (since indentation is considered a part of the syntax, and not just a recommendation
in coding style, e.g., in Java). The role of parentheses is relatively reduced compared to
Java or other object-oriented languages, where parentheses have the role of code sepa-
rators and proprietorship indicators. Python is a high-level programming language with
low-level machine instructions hidden from the developers, thus increasing comprehen-
sion and softening the learning curve. Another notable characteristic of Python is the
dynamic assignment of variable type based on the given value of the variable, and there is
no need for preemptive type declaration. Another benefit of the Python programming lan-
guage is the possibility of functionality extensions that can be achieved with the addition
to the program of predefined packages (modules). The separation of functionalities into
modules contributes to the code’s overall simplicity and reduces imports of unnecessary
functionalities. In this way, the user does not need to be familiar with all functionalities at
once, but can instead study module by module, depending on their needs.

Text-based is the default and established approach for learning programming, and be-
cause of that, we strive to compare the learning effects and outcomes of this notation to
block-based and both notations’ usage. In our research, we chose Python as a representa-
tive of text-based notation.

Both notations

Block-based languages are a popular way to introduce programming and create educa-
tional programming environments. However, users eventually need to transition to text-
based notation to develop more complex programs. Significant efforts have been made
to aid this transition through various methods, including presenting translated versions,
dual-mode, multiple-representation, and hybrid environments. Examples of these envi-
ronments include tools such as Tiled Grace [16], BlockPy [31], Pencil code [17], Droplet
[32], Greenfoot [33], and Poliglot [18], all designed to address this challenge.

Let us introduce some of these environments briefly. Tiled Grace [16] is a tile-based
editor for the Grace programming language. Using tiles enables visualization of the code,
and there is also support for text editing. Textual editing of code expands the tiles’ vi-
sualization, enabling a seamless change of the work environment and an easy transition
between source code and visual representation of the code [16]. Droplet [32] is a library
designed to create dual-mode environments. It translates code by inserting tags into the
textual code, to indicate which parts will be represented as blocks. These blocks are then
displayed by extracting the code between the tags and presenting it within the block struc-
ture. Tags are added using an external parser and precedence is handled by a custom
JavaScript function that inserts parentheses into the blocks. The transition back to text-
based notation is done by removing the tags while keeping the parentheses intact. On
the other hand, BlockPy [31] is a web-based environment with open access targeting pri-
marily novice programmers in Data Science. It uses Python for its text-based notation,
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facilitating a smooth transition from block-based to text-based programming for begin-
ners.

Poliglot [18], the tool used in this study, uses both notations simultaneously. For our
research, it is essential to compare the benefits and limitations of using text-based, block-
based, and both notations simultaneously to introduce programming to beginners. A de-
tailed description of the Poliglot tool, including its design and functionalities, is provided
in the following section.

3. Poliglot

An example of multiple-representation environments is also Poliglot® [18], developed
by the Slovenian partners in this paper. Poliglot is an educational programming envi-
ronment designed for beginners who are taking their first steps in programming, or who
are already familiar with block-based programming and want to move forward and learn
text programming. Our experiences teaching programming as guest lecturers in primary
schools inspired the development. Previously, we used block-based languages such as
Scratch and App Inventor, which engage children in programming effectively. These tools
allowed users to create functional games, mobile applications, or the motion of a robot
more quickly. However, when the capabilities of block-based languages were exhausted,
a transition to text-based languages became necessary.

This transition posed a significant challenge for novice programmers. They had to
start with the basics again, taking much longer to reach the level of complexity they had
achieved with block-based languages. We frequently observed that this shift led to a loss
of enthusiasm among novices. Poliglot addresses this issue by introducing both notations
simultaneously from the outset. It helps beginners connect each block to its textual repre-
sentation, easing the transition. By presenting both notations together, Poliglot blurs the
boundaries between block-based and text-based programming. As beginners gain expe-
rience, they often find that expressing themselves in text-based notation becomes easier
than using blocks. This transition occurs naturally within the Poliglot environment.

An example of the usage of the Poliglot system is shown in Figure 1. In this example,
a user inputs a number and the system calculates the corresponding multiplication table.
The children can choose to work in either block-based or text-based notation. When us-
ing the block-based interface, the equivalent text-based code is displayed simultaneously
in the tool’s top-right corner. Any changes made in the block-based environment are re-
flected instantly in the text-based code, and vice versa.

As discussed earlier in this paper, arithmetic or logical equations often encourage be-
ginners to switch to text-based notation naturally within Poliglot’s multiple-representation
environment [18]. To facilitate this transition, we often design tasks that are inconvenient
and time-consuming to perform using block-based notation. Consider the block-based
program in Figure 2, where the task is to calculate the number of days that have passed
in the current year. In such cases, the students typically prefer text-based notation over
block-based notation, as writing the code is faster than dragging and dropping the neces-
sary arithmetic equation blocks onto the workspace.

Regarding error reporting in Poliglot, the block-based view prevents most syntax er-
rors; however, users may still write incomplete or incorrect code, which must be reported.

3 https://poliglot.um.si/
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Fig. 2. Comparing arithmetic equations in block-based and text-based environments

When an error occurs within a block (such as a type mismatch in which a string is entered
instead of an expected integer), the background of the text is highlighted. If the user at-
tempts to confirm the incorrect value by pressing enter, the content reverts automatically
to the last known valid state. In contrast, the textual view allows users to make any kind
of error, just as in a standard text editor. Errors are detected and marked in the usual way,
typically at the beginning of each row. A line containing an error will not be displayed in
block-based notation.

However, once the line of code is corrected, it will appear immediately in the block-
based notation, and vice versa when changing a block-based program in the text-based
notation. In Poliglot simultaneous multiple representations are achieved using pretty-
printing abstract syntax trees (AST), a standard task in language workbenches as de-
scribed by Fowler in [34], and utilized in MPS [35]. In these programming environments,
the end-user is not editing the code directly, but rather the AST, which is the model under-
lying the code. Programs can be understood as trees, a hierarchy of constructs that form
the language behind the code. Each editor is merely one projection of the same model, and
a projectional editor can have multiple projections, or representations, of the same code.
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In this context, Poliglot offers two projections: a block-based editor and a text-based edi-
tor [18].

We noticed that after using both notations for a certain period, Poliglot users tend to
prefer the text-based notation and recognize the advantages of text-based programming.
However, we have always been interested in whether using both notations simultaneously
improves their understanding of programming concepts and how it affects their program-
ming performance.

Note that we do not favor Poliglot as a multi-representation environment. Instead, we
encourage other researchers to conduct similar experiments using comparable tools, such
as Grace [16], BlockPy [31], Pencil Code [17], Droplet [32], Greenfoot [33], etc.

4. Related work

The authors in [36] performed a quasi-experimental study investigating how modality
(block-based and text-based environment) impacts high school Computer Science stu-
dents, by conducting two classes at the same school through the same curriculum and the
same teacher using either the block-based or text-based programming environment (the
Pencil.cc environment was used, which supports both modalities, but the students were
able to use only one modality). The outcome of this study [36] shows that the students’
conceptual knowledge had been improved in both groups. However, the students using a
block-based environment showed significant learning gains, as well as a higher attitude
toward future programming courses. On the other hand, no difference was found in both
groups with respect to confidence and enjoyment. The study [36] was extended in [8] by
a third group using a hybrid block/text environment, with the main goal of how modal-
ity (block-based, text-based, hybrid block/text) influences programming practices (e.g.,
the number of runs, patterns in novice’s help-seeking behavior). While the authors didn’t
find hybrid block/text modality superior, they did find some new programming practices.
However, cognitive and attitudinal outcomes have not been measured or discussed. This
work was later extended in [37], where the authors checked the hypothesis that gains in
attitudinal and conceptual learning using a block-based environment would transfer to a
conventional text-based programming language (Java). The study showed that, whilst the
students had a greater conceptual learning gain using a block-based environment, this was
not transferred to the environment using the professional Java programming language.
Furthermore, no difference in programming practices or attitudinal shifts was found be-
tween both groups. As such, this study [37], is important, to show the limitations of block-
based programming. Our study extends this one [36], and brings additional evidence in
this field.

In Portugal and Serbia, a software tool for visualizing program units called C Tutor
was used in introductory programming courses, and the study showed little initial asso-
ciation between the tool used and the test results [19]. However, the research has shown
a correlation between the repeated usage of C Tutor and the achieved results via con-
trolled practice outside the course, especially among high-achieving students. As a result,
the authors have confirmed the hypothesis that “C Tutor has some positive impact on
student progress in programming” [19]. The study [38] tried to answer the difference be-
tween block-based and text-based environments on novice Computer Science students’
cognitive (knowledge, comprehension, application, analysis, synthesis, evaluation) and
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attitudinal (satisfaction, confidence, motivation, appreciation, enthusiasm) outcomes by
performing a meta-analysis, which showed that block-based environments had a small
effect on cognitive outcomes, and only a trivial effect on attitudinal outcomes.

Students’ difficulties in the transition from block-based to a text-based environment
have been discussed in [39], where it was shown that the students struggled to solve a
new coding challenge in a text-based environment due to difficulties of one or more of
the following aspects: readability, memorization of commands, memorization of syntax,
native language of programming, typing/spelling and writing expressions.

The authors in [40] presented a Systematic Literature Review (SLR) [41] on the
characteristics of block-based environments, and how block-based environments support
beginners in the transition to text-based programming, where the following distinct ap-
proaches were identified: Blocks-only, One-way Transition, Dual-modality, and Hybrid.
Among those, dual-modality programming environments are the most effective for sup-
porting students’ transitioning to text-based programming.

5. Experiment design

The primary objective of this study is to examine the outcomes of assessments when
beginners engage in programming using three different types of programming: block-
based, text-based, and both simultaneously. By comparing the results of these approaches,
the study seeks to elucidate the learning outcomes associated with teaching beginners
using different programming notations.

According to the research questions defined in the introduction, the following central
hypothesis is defined:

— H1,,11: There are no significant differences in short-term programming performance
between participants using different programming notations (block-based, text-based,
or both simultaneously).

— H1,),: There is a significant difference in short-term programming performance be-
tween participants using different programming notations (block-based, text-based,
or both simultaneously).

This hypothesis will be examined from two additional perspectives that may influence
the primary outcome:

— National context: a comparison of results between two countries: Slovenia and Serbia,
and

— Duration of programming instruction: specifically, comparing two hours versus four
hours of training.

5.1. Experiment procedure
The experiment was carried out following a clearly defined procedure (see Figure 3), con-

sisting of several key phases, presented schematically to facilitate a better understanding
of the overall process. The schematic representation illustrates the sequence of activities
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within the experiment clearly, including the administration of an initial participants’ back-
ground survey, the implementation of programming training with different notations, and
the final assessment phase.

Primary Programming Multinational study
schools notation (Slovenia, Serbia)
Where Context Participants
Experiments l
1 1
ag8
gendar .
math 15min
5 couras

Background questionnaire 1h 30min
) "3h 30min

Text-bazed Block-bazed Block and text-bazed

Python Poliglot Poliglot
I
Trainind session
15min
r ¥ 3
Text-based Block-based Block and text-based
Python Poliglot Poliglot
Programming assessment

ﬁl

Motation type ) )
CQuestion type Total points o . Shap|r.c-W|Ik Test
) »  Wilcoxon Signed Rank Test
Experience & background Self assessment ;
Mann-Whitney U Test
Age & gender
Independent variables Dependent variables Statistical analysis

Fig. 3. Experiment procedure

The experiment was conducted in person in primary schools in Serbia and Slovenia.
The participants were primary school students divided into three groups based on the
notation used during the training. The first group worked with block-based notation in
Poliglot, the second group used text-based notation in the Python programming language,
while the third group was taught using a combination of both notations simultaneously in
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Poliglot. This approach enabled a comparative analysis of the differences in understand-
ing fundamental programming concepts among groups exposed to different instructional
methods.

To ensure the consistency and validity of the results, each phase of the experiment
was clearly time-defined. At the beginning of the experiment, the participants completed
an initial questionnaire # lasting 15 minutes, which collected data on their prior knowl-
edge and experience with computers, as well as their inclination toward solving logical
and mathematical tasks. Following this, the main phase of the experiment (programming
training) took place. This phase lasted 90 minutes for the participants in Serbia, while,
in Slovenia, it lasted 90 minutes for one group and 210 minutes for two groups. During
this phase, the participants were introduced to the theoretical foundations of programming
concepts, then worked with the instructor on solving practical tasks, and, finally, solved
tasks independently on computers to reinforce their acquired knowledge further.

The experiment ended with a final test lasting 15 minutes, which contained identical
tasks adapted to the type of notation each group had practiced. This test evaluated the
participants’ programming performance. Figure 3 provides a clear representation of the
sequence of these phases, offering insight into the process of conducting the experiment
and the structure of activities used to investigate the impact of different types of notations
on participants’ success in understanding fundamental programming concepts.

5.2. Participants

The experiment was multinational and multi-institutional, involving participants from two
different countries: 236 from Serbia and 155 from Slovenia. The participants were pri-
mary school children aged between 11 and 14 years. The participants were sixth, seventh,
and eighth-grade primary school students. No prior participant selection was conducted
for this study, resulting in the inclusion of participants with diverse backgrounds, vary-
ing levels of knowledge and experience in programming, and differing levels of interest
in the subject. The assessment of previous knowledge and experience was self-assessed,
supplemented by their grades the participants had at the end of a previous school year.

Multiple iterations of the study were conducted in both countries. For each new iter-
ation, a different programming notation was used: block-based, text-based, and, finally, a
combination of both notations. During the training sessions, all the educators utilized the
same PowerPoint slides, which included explanations of the concepts, tasks, and correct
program examples. This approach ensured consistency in the training provided by differ-
ent educators. Prior to the main experiment, pilot studies were conducted, to refine the
background questionnaire, training materials, and the final test. Each question in the test
offered five potential answers, with only one being correct.

5.3. Data collection instruments

The tests that were handed out after the lectures consisted of the same set of questions
written in the corresponding notation based on the materials that were presented during
the lectures (block-based, text-based, or both simultaneously). The questions appeared in
ascending order according to their difficulty. There were five question types:

4 https://github.com/tomazkosar/PoliglotStudyOnNotations
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1. Prediction of the given code execution: The participants were presented with a few
lines of code with options on what the result of the execution of that code would be.

2. Finding a redundant piece of code: Based on the given code block, the participants
were asked to identify a redundant line of code that did not influence the program’s
execution.

3. Code insertion: A block of code was presented with one line missing; the participants
were expected to select the line that would complete the block of code and provide a
logical solution to the problem.

4. Identification of logical errors in the code: The block of code was shown with a notice
stating that there was a logical error in the code that needed to be identified.

5. Code modification: The last task required the participants to change a line of code,
thus changing the result of code execution to match the description of the desired
code behavior.

Even though the tests were written in different notations, the logic behind the question
remained the same, without any changes to the formulation of the question except the
syntax. Figure 4 shows a question from a block-based test. In this question, the partici-
pants were asked about the result of running the block-based program. This question is
an example of the “Prediction of the given code execution” question type. Note that half
of the questions on the test for both notations were written in the text-based notation, and
the other half of the questions were written using the block-based notation.

What is the result (output) of the program below? *

I Prooram [EEEW Ol a)2
I Logic
| console O b4
| \Vvariables
Numbers O 95
O d) 542
O e Nothing

Fig. 4. Question from the block-based test
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The tests were prepared in two languages, Slovenian and Serbian, allowing the partic-
ipants to solve tasks in their native language. The points awarded to each question were
also the same (each answer was worth 1 point) to make the questions comparable.

6. Results

This section compares the participants’ performance from two different countries (Serbia
is referred to as country 1 and Slovenia is referred to as country 2) with three different
alternatives to teach programming. It also presents the results of the background ques-
tionnaires. All the observations were tested statistically with a o = .05 as a threshold for
judging the significance.

6.1. Background study

To minimize potential bias arising from differences among participants, we compared
their backgrounds across different executions, separated by country and the notation used.
This comparison included previous programming experience (O - no experience, 1 - ex-
periences in programming), whether they had taken a mandatory or elective informatics
course (0 - no informatics subject so far, 1 - had a subject in Informatics), mathematics
and informatics grade (grades are between 1 and 5).

In Table 1, we present the results of a single execution, specifically from country 1
(Serbia), where we compared block-based and text-based outcomes (see Subsection 6.2).

Since the experiment followed a between-subjects design and the data did not meet
the normality assumption (as determined by the Shapiro-Wilk normality test), we used the
Mann-Whitney U test to compare the two groups. The results, shown in Table 1, do not
indicate significant differences between the block-based and text-based groups in terms
of programming experience, selection of the informatics course, or grades in math and in-
formatics (the p-value is above 0.05 in the last column of Table 1). These findings suggest
that mathematical background, programming experience, or prior informatics education
are unlikely to have influenced the comparison of block-based and text-based results in
Serbia.

For brevity, the results from other executions are omitted, but statistical analyses
yielded similar findings. Further discussion on background results is presented in Sec-
tion 7.

Table 1. Participants’ background: block-based vs. text-based (Mann-Whitney U Test) — country 1

Group Mean| N |Std. Dev.|Median|Mean Rank| Z |p-value
Programming|Group I (block-based)| 0.73 [52| 0.448 1.0 57.75 0477 0.634
experience  |Group II (text-based) | 0.77 [65| 0.425 1.0 60.00 ’ ’
Mandatory  |Group I (block-based)| 1.00 |52| 0.000 1.0 59.00 -0.000! 1.000
Informatics |Group II (text-based) | 1.00 |65 0.000 1.0 59.00 ’ ’
Math Group I (block-based)| 3.75 52| 1.118 4.0 61.32 -0.6%6 0.493
grade Group II (text-based) | 3.62 |65 1.041 4.0 57.15 ’ ’
Informatics |Group I (block-based)| 4.94 |52 0.308 5.0 60.69 _1.104] 0270
grade Group II (text-based) | 4.91 |65| 0.292 5.0 57.65 ’ ’
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6.2. Comparative analysis: two-hour executions

The following subsection presents the results of two-hour executions comparing differ-
ent notations. To minimize potential biases related to cultural differences, environmental
factors, and variations in primary school curricula, the results are divided by country.

Block-based vs. text-based notation results: Country 1

The first comparison examined the test results of the Serbian participants (country 1) who
attended lectures and took the tests in block-based notation (Poliglot), versus those who
did so in text-based notation (Python). After data cleansing, there were 52 valid responses
for the block-based Poliglot test and 65 valid responses for the text-based Python test.
Some tests could not be paired with their initial counterparts, and were therefore dis-
carded. Additionally, instances of double submissions by the same participant reduced
the number of tests considered for further analysis.

The Shapiro-Wilk test was used to check for normal distribution. Since the data devi-
ated from a normal distribution, the non-parametric Mann-Whitney U test was employed
to compare the two independent samples. The slight difference in mean scores (see Table
2) between the two groups was not statistically significant (p-value = 0.621). Therefore, no
conclusive differences in performance outcomes could be established between the block-
based and text-based groups.

Table 2. Performance results: block-based vs. text-based (Mann-Whitney U Test) — country 1

Part Mean| N |Std. Dev.Median|Mean Rank| Z |p-value
Group I (block-based)|45.67(52| 22.40 | 50.00 57.29
Group II (text-based) [48.08(65| 23.72 | 50.00 60.37

-0.495| 0.621

Block-based vs. text-based notation results: Country 2

To verify the consistency of the results obtained in Serbia a similar between-subjects
study was conducted in Slovenia (country 2). Table 3 presents the performance results,
measured as the percentage of correct responses, to assess the programming performance
after training. Both Group I (block-based) and Group II (text-based) completed an equal
number of tasks with identical question types and complexity. An examination of Table 3
reveals that the block-based group outperformed the text-based group, as indicated by the
mean scores (34.19% vs. 32.92%).

Table 3. Performance results: block-based vs. text-based (Mann-Whitney U Test) — country 2

Part Mean| N |Std. Dev.Median|Mean Rank| Z |p-value
Group I (block-based)|34.19|39| 24.47 | 33.33 40.73
Group II (text-based) (32.92(40| 21.84 | 33.33 39.29

-0.287| 0.774
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Once again, the data deviated from a normal distribution, necessitating the non-param-
etric Mann-Whitney U test to compare the two independent samples. Despite the observed
difference in mean scores between the two groups, this difference was not statistically
significant (p-value = 0.774). These results are consistent with our findings from the initial
study conducted in Serbia — we could not confirm any statistical differences between these
two groups in Slovenia.

A comparison of the results in Table 2 and Table 3 reveals that the Serbian participants
performed better. This is likely attributed to differences in the participants’ backgrounds,
particularly the mandatory informatics curriculum in country 1. However, a direct com-
parison between countries is outside the scope of this study.

These results are aligned with those obtained in the study by Weintrop et al. [8] as
discussed in the Related Work section.

Both notations vs. text-based notation results: Country 1

The second comparison in this research examined the use of both notations simultane-
ously (Poliglot) versus a text-based notation (Python). A total of 39 participants took
the test using Poliglot (see Table 4). Among them, some participants did not answer any
questions correctly and none achieved the maximum score. Data for the text-based en-
vironment (a total of 65 participants) were the same as shown in Table 2, but were then
compared statistically with the data collected from the participants who experienced both
notations simultaneously side by side during their training.

The average score on the test with both notations was the highest of all three groups,
at 49.04%. The Standard Deviation for this test was with a value of 23.71%. The vari-
ance matched that of the text-based test, which was 23.72%. Once again, the difference
between the groups was not statistically significant (p-value = 0.775), as determined by
the Mann-Whitney U statistical test.

Table 4. Performance results: Both notations vs. text-based (Mann-Whitney U Test) — country 1

Part Mean| N |Std. Dev.Median|Mean Rank| Z |p-value
Group I (both notations)|49.04|39| 23.71 | 50.00 53.83
Group II (text-based)  |48.08|65| 23.72 | 50.00 51.85

-0.286| 0.775

6.3. Comparative analysis: four-hour executions

One potential limitation that may have influenced the results of previous executions is the
duration of the training sessions. To address this, in country 2 (Slovenia), we extended the
training sessions to four hours for each treatment. This extension allowed the participants
more time for practice, reinforcing key concepts through repetition, and enabling them to
develop their solutions independently without the pressure of time constraints.



48 TomaZz Kosar et al.
Block-based vs. text-based notation results: Country 2

Table 5 presents the performance results from the block-based and text-based notations.
Both Group I (using block-based notation) and Group II (using text-based notation) demon-
strated improved performance compared to the two-hour executions (e.g., see the Mean
Column in Table 3). When comparing the block-based notation approach with the text-
based approach, the participants achieved almost identical scores (67.26% vs 67.13%).
Therefore, it was obvious that the performance difference is not statistically significant
(p-value = 0.949).

Table 5. Performance results: block-based vs. text-based (Mann-Whitney U Test) — country 2

Part Mean| N |Std. Dev.|Median|Mean Rank| Z |p-value
Group I (block-based)[67.26|21| 22.53 | 75.00 24.64
Group II (text-based) [67.13|127| 17.73 | 75.00 24.39

-0.064| 0.949

Both notations vs. block-based notation results: Country 2

In this experiment, we compared the performance outcomes between a group using both
notations (block-based and text-based) and a group using only block-based notation. It
is important to note that both treatments in this comparison were performed using the
Poliglot system [18], which supports programming instruction in block-based notation
alone, or in both notations simultaneously.

Table 6 presents the comparison of the performance results between the use of both
notations simultaneously and the block-based notation. Both groups completed the same
set of tasks. As shown in Table 6, the block-based group outperformed both notations
groups, as reflected in the mean scores (67.26% vs. 60.27%). However, this difference
was not statistically significant.

Table 6. Performance results: Both notations vs. block-based (Mann-Whitney U Test) — country 2

Part Mean| N |Std. Dev.Median|Mean Rank| Z |p-value
Group I (both notations)|60.27|28| 19.56 | 62.50 23.16
Group II (block-based) [67.26|21| 22.53 | 75.00 27.45

-1.061| 0.289

When comparing the block-based notation results in Tables 6 and 3, a noticeable dif-
ference can be observed in the mean scores. Since both executions were conducted under
identical conditions — using the same instructors, teaching materials, and tests — we can
conclude that the extended training session was the primary factor contributing to the
significantly improved results in this execution. The additional time allowed for more
practice and repetitions likely improved the performance of the participants.
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6.4. Discovering learning patterns through association rules

In order to test the hypothesis that there are differences in performance and learning out-
comes when different notations are used during the learning process, the Apriori algorithm
was applied to the data retrieved from the entry tests as well as the exit test results. The
Apriori algorithm is a technique for discovering hidden patterns during the data mining
process. A definition of the association rule is given in [42]: association rule implies hid-
den association relationships that can be found among a set of objects. The algorithm has
two steps: finding frequent item sets (the threshold for statistically relevant frequency is
a predefined parameter - support) and generating an association rule based on the most
common itemsets. The rule is derived based on the probability of occurrence of one item
in the itemset if another item is present.

In this case, the algorithm was implemented in Python, leveraging the pandas library
for preprocessing data, the mlxtend library for item set extraction, and matplotlib and
seaborn for result visualization (heatmaps).

Before importing data to the dataframes, the data were cleaned of invalid responses,
textual answers were converted to numerical values, and answers with a wide range of
numbers were converted to discrete intervals, as the algorithm requires categories between
which it searches for the correlations.

The first aim was to test if there was a correlation between the test type and the total
number of points. The maximum number of points on the test was 8, and the minimum
was 0. Based on the number of points, the rows were divided into three categories: low
(0-2), medium (3-5), and high (6-8). The support was set to 0.1, as well as the minimum
threshold. For country 1 (Serbia), the heatmap showed that there is no significant correla-
tion between the score and the test type (the correlation coefficient between the category
for low score and the block-based, text-based and both notations test were 0.46, 0.48 and
0.49 respectively) for the two-hour training sessions.

With the same preconditions (algorithm parameters and the duration of the training
session), the data for country 2 (Slovenia) showed a strong correlation between medium
performance and the use of both notations simultaneously (0.73), and a lower correlation
was observed between high performance and the tests in block-based notation (0.53).

In country 2 (Slovenia), there was also an additional experiment setup where the train-
ing classes lasted for four hours instead of two. By applying the same algorithm, the re-
sults showed a strong correlation between the medium performance and the use of the
both notations simultaneously test (0.73), alongside a high performance and block-based
notation (0.58).

The next step was designed to test whether there is a correlation between test type
and the score on the questions related to loops. The support and threshold parameters
remained the same, but the category for points was reduced to low and high. For coun-
try 1 (Serbia), for classes that had a training session of two hours, there was an almost
identical percentage for each test type and category (0.44, 0.57, and 0.51 for high scores
in relation to block-based, text-based, and the use of both notations simultaneously tests,
respectively) which leads to the conclusion that neither of the notations is better suited for
learning about loops in programming.

Similarly to the first step, the same preconditions were applied during the testing in
country 2 (Slovenia). The data were given as input to the algorithm with the same param-
eters, and the heatmap showed a strong correlation with the block-based notation and a
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high score (0.71), and the use of both notations simultaneously tests and high score (0.64).
Interestingly, the same results were obtained for the training sessions that lasted 4 hours.

Based on the results of the Apriori algorithm, the final conclusion for country 1 (Ser-
bia), derived from the data collected during the two-hour training sessions, is that there
is no evidence to support the existence of a correlation between the performance on the
tests and the notation taught to participants. However, the results from country 2 (Slove-
nia) show that the participants performed better on tests that are given in both notations
simultaneously and have both block and text elements.

7. Discussion

To understand the outcomes of our controlled experiment better, we present the results of
a study utilizing a background questionnaire in subsection 6.1, focusing particularly on
the Informatics and Mathematical backgrounds of the participants involved.

Based on the data analyzed in sections 6.1 and 6.2. two groups of between-subject
tests were conducted in country 1 (Serbia). The first one was block-based vs. text-based.
We cannot confirm the differences in the results statistically (see the results in Table 2,
again). The fact that each participant achieved at least 1 point speaks in favor of the block-
based notation, which was not the case with the text-based notation, because there were
two participants with 0 points in the sample.

In favor of the uniformity of the useful prior knowledge of the participants in the two
tested groups, the almost insignificant differences in the average grade in Informatics that
the participants of both tested groups had (4.94 participants who did the block-based nota-
tion, 4.91 participants who did text-based notation as presented in Table 1), as well as the
successfulness of resolving three logical tasks given in the input survey (the participants
who did the block-based notation averaged 1.96 points from 3, while the participants who
did the text-based notation had 1.97 on average). A slightly higher average grade in Math-
ematics was present in the participants who did the block-based notation notation (3.75)
compared to the participants who did only the text-based notation (3.62). However, the
average score was on the side of text-based notation, so it can be concluded that prior
knowledge of Mathematics and Informatics was not crucial for the achieved result in pro-
gramming in the tested groups.

The second group of between-subject tests conducted in country 1 (Serbia) was both
notations simultaneously vs. text-based. Identical values of Standard Deviation and vari-
ance (see Table 4, again) in both approaches suggest the uniformity of participants within
the sample, although the number of participants involved in the execution with both no-
tations was the smallest of all three tested groups. Furthermore, the obtained results sug-
gested a slight advantage of both notations shown simultaneously compared to the textual
one, which was represented by a slightly higher average, but also by the values of the first
and third quartiles, while the fourth belonged to the textual notation, because there was no
maximum number of points in the execution with both notations shown simultaneously.
Based on the sample, it can be concluded that the participants using block-based notation
achieved better performance more easily, with lower and medium performance on the test.
In contrast, for maximum performance, textual notation still had an edge. All of the above
leads to the conclusion that Poliglot achieves an advantage by using both notations, and
improves the average performance compared to exclusively block-based notation. Similar
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to the previously analyzed group of tests (block-based vs. text-based), when comparing
the groups of participants who did both notations vs. textual notation, it can be concluded
that the average marks in Informatics (an average of 4.87 for the participants with both
notations vs 4.94 for the participants with textual notation) and Mathematics (3.64 was
the average grade for the participants learning both notations vs 3.67 for the participants
learning textual notation) were quite uniform. A slight difference in the average number of
points on the logical tasks of the input survey was evident in favor of the participants who
did text-based notation (average 1.97 from 3 points vs average 1.77 from 3 points). De-
spite this, the participants with both notations achieved the best results of average points
on the output of all three analyzed groups in Serbia, which can lead to the conclusion
that, by applying both notations, there is scope for achieving better performance, even for
those participants who are closer to block-based notation (e.g. who have experience in
using Scratch or some other environments), but also among participants who are closer to
textual notation, precisely because of the possibility of choosing a notation that is more
convenient for them.

We evaluated our hypothesis and the results suggest that the type of programming no-
tation (block-based, text-based, or both simultaneously) does not influence primary school
participants’ performance significantly in short-term introductory programming lessons.
This supports the idea that educators are flexible in the decision of a programming envi-
ronment to use for beginners, and this does not affect the immediate learning outcomes.
The results are consistent with other similar studies [8]. Notably, even in the use of both
notations simultaneously, where the participants had to use both block and text-based
notation, the performance remained statistically comparable to the other groups. This im-
plies that introducing two notations simultaneously does not affect short-term understand-
ing, although it may impose a higher cognitive load.

Another key result highlights the positive effect of extended instructional time, re-
gardless of the notation used. The participants who received four hours of training outper-
formed those who had only two hours drastically, suggesting that time investment plays
a more crucial role than the choice of a notation in shaping beginner programming out-
comes.

The study results were received from two participating countries, and this multina-
tional aspect strengthens the generalizability of these results. They indicate that founda-
tional programming skills can be taught effectively using any of the three notation types,
across different cultural or educational contexts, provided that sufficient instructional time
is allocated.

8. Threats to validity

This section discusses the construct, internal, and external validity threats [43] associated
with our experiment.

8.1. Construct validity

In our experiment, our objective was to measure the effect of notation on test results.
The participants were assessed with multiple-choice questions after two or four hours of
training in specific notations: block-based, text-based, and both simultaneously. The use
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of multiple-choice questions may have influenced the results. Different outcomes might
have emerged if we had used code implementation instead.

The test for both notations included half of the questions in block and half in text-
based notation. This may have introduced a threat to construct validity. We do not know
the outcome of the test if each question had contained programs in both notations. As a
result, the test may not measure the participants’ conceptual knowledge accurately across
both notations equally, potentially skewing the assessment results.

Another potential threat to the construct validity is the complexity of the questions.
The test results in two-hour executions are generally low, with a performance average
50% or less. The outcomes of our experiments might differ if the question complexity
were reduced.

The training sessions were limited to two hours, as requested by the primary schools.
This constraint might have influenced our results significantly. To investigate this, we
conducted executions, during which the training duration was extended to four hours.
This extended training included additional functionality and repetitions of mastering the
same programming concept. Consequently, we observed higher performance results (see
Table 5). However, these improvements were observed in both groups, and the differences
in the results were not statistically significant.

We used Poliglot for block-based and multiple-representation environments, although
alternative tools exist for using both notations simultaneously (e.g., BlockPy [31]). Our
experiments did not include the usage of these tools, nor did our study cover other textual
languages beyond Python. Consequently, our findings are specific to the particular combi-
nation of Python and Poliglot and should not be interpreted as generalized findings, valid
for all block and text-based notations. Different text-based programming languages (e.g.,
Java, Smalltalk, Rust, or C++) and block-based environments (e.g., Scratch, BlockPy)
may yield different performance outcomes.

8.2. Internal validity

One potential threat to internal validity is the quality of instruction provided to novice
programmers during our experiment. Although we standardized training materials (pre-
sentations, code snippets, etc.), the use of different lecturers may have influenced the
outcomes of our experiment.

The sample size may have influenced the results of the study. To enhance the reliability
and validity of these findings, it is crucial to perform multiple repetitions of the experiment
with a larger sample size. This will help mitigate potential biases and provide a more
robust understanding of the observed effects. Despite a relatively small sample size, the
extended training period within that study demonstrated a positive influence on the results
clearly.

Although all the groups received the same amount of instructional and training time,
the participants using both notations were required to learn and apply two notations simul-
taneously in the same time slot as other groups using only the block or text-based notation.
This likely imposed a higher cognitive load compared to the single-notation groups. As
a result, the differences in performance outcomes between the groups may be attributed
to unequal cognitive demands rather than the type of notation itself, which threatens the
internal validity of the study.
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The limitation of association rules analysis stems from the fact that the dataset has
fewer than 400 records, and the number of participants who have taken each test is not
equal. There is also a variation in the duration of the classes and the time that was ded-
icated to the participants practicing programming in the environment, which adds to the
variation in results.

8.3. [External validity

The specific context and settings of our experiment might influence our study’s external
validity. The results could vary with different demographics of the participants, educa-
tional environments, or levels of previous programming experience among the partici-
pants. Our findings were derived from a small set of schools in two countries. To general-
ize these findings, further research is needed, involving more institutions and conducting
multi-institutional and multinational studies in diverse settings.

We intentionally avoided a direct comparison of student performance between the two
countries. We believe that the differences in primary school curricula are too substantial to
allow for a valid cross-national comparison. As previously noted in this paper, Informatics
is a mandatory subject in Serbian primary schools, while, in Slovenia, it is offered as
an optional subject. In Serbia, this ensures that all the students receive a foundational
education in Computer Science, digital literacy, and basic programming skills. In contrast,
while motivated students in Slovenia may be exposed to similar content, the coverage is
less uniform and varies significantly, depending on individual school offerings and student
choices. This disparity likely contributes to the substantial difference observed in the mean
performance results shown in Table 2 and Table 3. An overview of receiving introductory
programming in primary schools in different countries is discussed in greater detail in [4,
51

9. Conclusion

By evaluating the impact of programming notation on learning outcomes, this paper aims
to provide insights into the use of three distinct approaches for teaching programming to
beginners.

In conclusion, our study examines the choice of notation, whether text-based, block-
based, or both notations used simultaneously, for teaching programming concepts to novice
programmers during short-term visits to primary schools. The results of our study, con-
ducted in two countries, show that the choice of notation (whether block-based, text-
based, or both simultaneously) did not affect the short-term programming performance of
primary school children significantly. The results of data mining with the Apriori algo-
rithm suggest that, for country 1 (Serbia), there is no significant correlation between per-
formance and notation types during the two-hour sessions. The results of country 2 (Slove-
nia) indicate that the performance was slightly better for tests in multiple-representation
environments. Even when the training duration was extended from two to four hours, the
performance differences between the notation groups remained statistically insignificant.
These findings suggest that educators have the flexibility to choose the programming no-
tation for beginner sessions without impacting immediate learning outcomes negatively
in terms of performance. However, the performance improved with a longer training time,
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highlighting the importance of instructional duration over notation type in beginner pro-
gramming education. The potential sacrifice of lower performance results for teaching
both notations simultaneously in the same time slot as other notations was rejected by
the results of this study. This finding suggests that introducing both notations simultane-
ously is a viable strategy even within time-constrained settings, as it does not compromise
beginners’ performance on basic concepts of programming.

For future work, longitudinal studies and follow-up research are essential, to explore
the potential effects of teaching various notations in greater depth. We are planning addi-
tional experiment repetitions [44] with the same and similar settings, to validate our cur-
rent findings, ensuring greater accuracy and reliability. Additionally, future research could
explore whether different programming languages (e.g. C++) and tools (e.g. BlockPy
[31]) offer different cognitive or performance outcomes compared to Poliglot. Future re-
search should investigate whether such alternatives provide outcomes consistent with our
results. In this study, we demonstrated how performance results were correlated with the
duration of training (two hours vs. four hours). We intend to test our findings with fu-
ture experiments. With a larger sample size, we can also analyze the participants’ results
with similar backgrounds, the same age, and the same conditions, thereby isolating the
variables to be evaluated. Extending a multinational approach and considering diverse
experiment settings is essential for a comprehensive understanding of using different pro-
gramming notations and environments for teaching novice programmers.
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