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Abstract: This study is an action research aimed at enabling sixth-grade students to develop a conceptual understanding of
divisibility rules and enhance their computational thinking (CT) skills. The study adopted a two-phase instructional approach
integrating unplugged and plugged activities. Data were collected during a two-week implementation process involving five
students selected through purposive sampling. The data sources, which included classroom observations, student artifacts,
and semi-structured interviews, were analyzed using content analysis. During the implementation, students first explored
divisibility rules in the unplugged phase through concrete materials and discovery-based learning. Subsequently, during the
plugged phase, they transformed these rules into algorithmic structures using the Flowgorithm visual programming
environment. The findings revealed that the integrated approach significantly improved students’ algorithmic thinking and
pattern recognition skills. In addition, it enhanced students’ motivation and conceptual understanding. The study highlights
the potential of CT-based instructional approaches in mathematics education and provides several pedagogical implications
for practitioners and for future research.
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Oz: Bu calisma, 6. simif dgrencilerinin boliinebilme kurallarim kavramsal diizeyde anlamlandirmalarmi ve bilgi-islemsel
diisiinme (BID) becerilerini gelistirmelerini amaglayan bir eylem arastirmasidir. Arastirmada, teknolojisiz ve teknoloji
destekli etkinliklerin biitiinlestirildigi iki asamali bir 6gretim yaklagimi benimsenilmistir. Amagh 6rnekleme yoluyla segilen
bes 6grenci ile yiriitiilen iki haftalik uygulama siirecine iliskin veriler, gézlemler, 6grenci iiriinleri ve yari yapilandirilmis
goriismeler araciligiyla toplanmis ve igerik analiziyle degerlendirilmistir. Uygulama siirecinde Ogrenciler, ilk olarak
teknolojisiz agamada somut materyaller ve bulus yoluyla boliinebilme kurallarini kesfetmis; ardindan teknoloji destekli
asamada bu kurallart Flowgorithm gorsel programlama ortaminda algoritmik yapilara doniistiirmiislerdir. Arastirmanin
bulgulari, biitiinciil yaklagimin &6zellikle 6grencilerin algoritmik diisiinme ve oOrlintii tanima becerilerini belirgin bigcimde
gelistirdigini; bunun yam sira 6grenci motivasyonunu ve kavramsal anlamayi artirdigimi gostermektedir. Calisma, BID
temelli Ogretim yaklagimlarinin matematik egitimindeki potansiyelini vurgulamakta olup, uygulayicilar ve gelecekteki
aragtirmalar i¢in ¢esitli pedagojik dneriler sunmaktadir.

Anahtar Kelimeler: Bilgi islemsel diisiinme, flowgorithm, béliinebilme kurallari, eylem aragtirmasi, teknoloji destekli,
teknolojisiz

Tiirkge siirtim i¢in tiklayiniz

1. Introduction

The requirements of 21st-century skills, the Industry 4.0 revolution, and the rapidly digitalizing world are
fundamentally transforming the core paradigms of education systems. Today, the concept of literacy has
expanded beyond the ability to read and comprehend texts to encompass digital literacy, data literacy, and
ultimately, computational thinking competencies. In international assessments such as those conducted by the
OECD through the PISA framework, mathematical literacy is now closely associated with the ability to
formulate and solve real-life problems. In this context, mathematics education must go beyond teaching abstract
numerical operations and instead provide students with a cognitive foundation that enables them to model these
operations using technological tools.

Traditional instructional approaches widely adopted in mathematics education, such as teacher-centered
instruction and practice-based repetition, primarily focus on memorizing formulas and rules rather than fostering
deep conceptual understanding (Boaler, 2016; Hiebert & Grouws, 2007). This tendency leads students to acquire
mathematical knowledge at a superficial level, thereby posing a barrier to meaningful and lasting learning. As Jo
Boaler (2016) emphasizes, students should understand mathematical concepts deeply and explore relationships
rather than memorizing formulas. Similarly, Hiebert and Grouws (2007) note that teaching rules in isolation
from their underlying contexts hinders meaningful learning.

This issue becomes even more pronounced in the teaching of divisibility rules, which inherently exhibit an
algorithmic structure. Students often apply procedural steps such as summing digits to test divisibility by 3
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without questioning the underlying rationale, thereby engaging in mechanical rather than conceptual processing.
However, although divisibility rules offer a powerful entry point for understanding the structural properties of
numbers, teaching them at the level of rote memorization leads to the loss of valuable opportunities for
conceptual learning (Van de Walle, Karp & Bay-Williams, 2019).

The National Council of Teachers of Mathematics (2000) emphasizes that the goal of education is not merely
to obtain correct answers, but to understand the reasoning behind solutions and to develop students’
mathematical reasoning skills. Building on this perspective, the present study is grounded in the need for a
computational thinking (CT)-based model that emphasizes the transition from unplugged to plugged learning
environments.

Defined by Jeannette Wing (2006) as the ability to formulate problems in a form that can be solved by
computers, computational thinking aligns naturally with mathematical problem-solving processes through its
core components: decomposition, pattern recognition, abstraction, and algorithmic thinking (Liu et al., 2024).
The interdisciplinary nature of CT and its close relationship with mathematics have also been emphasized by
Weintrop et al.(2016).In this regard, Bocconi, Chioccariello, Dettori, Ferrari and Engelhardt (2016) state that CT
refers not merely to solving problems with computational tools, but to the cognitive processes required to
formulate problems, thereby establishing a natural connection with mathematical thinking and logic.

In this study, the components of CT are operationalized in the context of divisibility rules as follows (see
Table 1):

1. Decomposition: Breaking down a complex problem into smaller, manageable parts.
2. Pattern Recognition: Identifying similarities and recurring patterns among numerical components.

3. Abstraction: Eliminating irrelevant details to reveal the core principle of the problem and reaching a
general rule.

4. Algorithmic Thinking: Constructing a step-by-step process or flowchart leading to a solution.

Table 1. The Role of Computational Thinking Components in Teaching Divisibility Rules

CT Component Functionality in the Context of Divisibility Rules Rationale

Enables reducing complex, large
numerical structures into the
smallest meaningful units
necessary for problem-solving.

Breaking down a multi-digit number (e.g., 12,450) into
Decomposition  relevant components (e.g., the last digit or the sum of
digits) required by the rule.

Facilitates inductive reasoning by
recognizing similarities  across
mathematical situations.

Pattern Identifying regularities in the last digits of numbers (O,
Recognition 2,4, 6, 8) or in digit sums (3, 6, 9, etc.).

Allows the core rule to be
generalized by eliminating
irrelevant details.

Focusing on properties such as “being even” or “sum

Abstraction of digits,” independent of the number itself.

Transforming discovered rules into step-by-step Enables mathematical procedures
flowcharts or decision structures using “IF... or proofs to be expressed as
THEN...” logic. executable, sequential instructions.

Algorithmic
Thinking

The integration of CT into mathematics education involves two complementary approaches: unplugged and
plugged activities (Bell & Vahrenhold, 2018; Brackmann et al., 2017; Kalelioglu, Giilbahar & Kukul, 2016;
Weintrop et al., 2016). Unplugged activities enable students to grasp algorithmic logic using concrete materials
without computers. Curzon, McOwan, Cutts and Bell (2014), emphasize the importance of such activities,
stating that teaching the fundamental ideas of computer science without the need for a device allows students to
focus on the essence of the concept without being distracted by syntax errors. In this study, the unplugged phase
was employed as a cognitive preparation stage, particularly for developing decomposition and abstraction skills.

From the perspective of Cognitive Load Theory (Sweller, 1988), unplugged activities reduce extraneous
cognitive load by allowing students to internalize mathematical concepts before dealing with the technical
complexities of coding. In contrast, plugged activities serve as processes of validation and application built upon
this conceptual foundation. In this phase, students transform the mathematical relationships they discovered,
such as decomposition, pattern recognition, and abstraction, into step-by-step logical structures using visual
programming environments such as Flowgorithm. The selection of Flowgorithm is grounded in the principle of
low entry barrier proposed by Resnick et al. (2009). This process enables students to transform abstract
mathematical concepts into concrete, executable, and testable models, thereby aligning with Papert’s (1980)
constructionist theory.

Studies examining the effects of unplugged activities on CT skills indicate significant improvements,
particularly in sub-skills such as algorithmic thinking, problem solving, and logical reasoning. It has been
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reported that even short-term and structured interventions can lead to measurable increases in students’ CT
levels, and that activities based on concrete materials strengthen the conceptual foundation (Delal & Oner, 2020;
Sun, Hu & Zhou, 2021; Threekunprapa & Yasri, 2020). Research on plugged activities demonstrates that block-
based programming, robotics applications, and game-based digital environments contribute to the development
of CT skills, particularly in the dimensions of algorithmic thinking and problem-solving. However, some studies
report that these improvements do not always extend equally across all sub-dimensions or fail to reach statistical
significance (Alsancak-Sirakaya, 2019; Ataman-Uslu, Mumcu & Egin, 2018; Aydogdu, 2020; Bal, 2019; Cansiz,
2022; Ertimit, Sahin & Karal, 2020; Kaya, Korkmaz & Cakir, 2020; Kilig, 2022; Oluk, Korkmaz & Oluk, 2018;
Ozer-Sanal & Erdem, 2017; Ramazanoglu, 2021; Yurdakdk, 2022; Zhao & Shute, 2019). Studies that integrate
both unplugged and plugged activities suggest that these approaches support different cognitive processes and,
when designed together, can foster a more holistic development of CT skills (Ak¢ay, Karahan & Tiirk, 2019;
Dinger, 2021; Munoz, Gutierrez & Calero, 2020; Relkin, Ruiter & Bers, 2021; Romero et al., 2018; Sigayret,
Tricot & Blanc, 2022; Wohl, Porter & Clinch, 2015; Yilmaz, 2023).

Collectively, the existing literature indicates that both unplugged and plugged activities can effectively
develop CT skills. However, no studies have proposed a holistic model that addresses the transition from
unplugged to plugged activities in the integration of CT into mathematics education. A significant proportion of
existing research relies on short-term interventions, lacks comparative examinations of different instructional
designs, and considers the influence of pedagogical context only to a limited extent. In addition, most studies on
integrating CT into mathematics education tend to emphasize problem-solving or basic coding skills (Lye &
Koh, 2014).

However, there is a clear gap in the literature regarding how to structure the cognitive transition between an
unplugged exploration/preparation phase and a plugged-in application phase, particularly in the teaching of
mathematical topics with an inherently algorithmic nature, such as divisibility rules (Bell & Vahrenhold, 2018).
While some studies focus solely on unplugged activities and others directly examine the effectiveness of visual
programming tools, models that conceptualize these two processes as complementary components of a coherent
pedagogical cycle remain relatively limited (Chytas, van Borkulo, Drijvers, Barendsen & Tolboom, 2024).

This study aims to address this methodological and pedagogical gap by constructing a holistic model that
facilitates the transition from unplugged exploration to plugged application within the context of divisibility
rules. One of the primary objectives of the study is to move beyond the traditional approach in which students
merely memorize and apply rules or formulas. Instead, students are expected to engage in decomposition, pattern
recognition, and abstraction through concrete, unplugged activities; subsequently, they test and refine these
generalizations in plugged activities within a visual programming environment, applying pattern recognition and
algorithmic thinking.

In this respect, the study seeks to demonstrate how the four core components of CT can be integrated into
mathematics instruction as a coherent structure. The significance of the study can be considered in three
dimensions. First, it offers a process-oriented, constructivist pedagogical alternative that goes beyond
memorization-based instruction that relies on verbal explanations and formulas. Second, it proposes an
applicable instructional model (Unplugged — Plugged) that demonstrates how CT, often treated as an abstract
concept, can be transformed into concrete classroom practices. Third, it sheds light on the potential pedagogical
effects of holistically integrating unplugged and plugged stages when teaching algorithmic mathematical content,
such as divisibility rules.

The research problem of the study is formulated as follows: “How does a CT-based instructional approach

supported by unplugged and plugged activities affect middle school students’ conceptual understanding of
divisibility rules and their CT skills?”

2. Method

This study was conducted using an action research design within the qualitative research paradigm. Action
research is a form of reflective inquiry in which instructional practices are systematically examined, solutions to
encountered problems are developed, and the effectiveness of these solutions is evaluated through a cyclical
process (Stringer, 2014).

In this study, the selection of the action research design is based on two main rationales. First, the researcher
is not merely an external observer but also a practitioner who guides the instructional process and adapts the
lesson plan according to students’ immediate responses. Therefore, action research was considered appropriate
for evaluating the effectiveness of the newly developed CT-based instructional model, particularly in the
transition from unplugged to plugged activities. Second, because the study involved a small group of five
students, it enabled a detailed micro-level examination of students’ cognitive changes as they constructed their
understanding of divisibility rules. In this regard, action research emerges as the most suitable method, as it both
enables intervention and provides opportunities for in-depth analysis.
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The aim of qualitative research is not to achieve statistical generalization but to develop a context-specific,
in-depth understanding. Accordingly, in line with the principle of transferability (Lincoln & Guba, 1985;
Nowell, Norris, White & Moules, 2017), the research process, learning environment, and participant
characteristics were described in detail to support the applicability of the findings to similar contexts. This
enables readers to evaluate the relevance of the findings for their own instructional settings.

This study has limitations inherent to action research. First, the study included only five students. While this
allowed for the collection of rich and detailed data, it limited the generalizability of the findings to larger
populations. Second, since the implementation process was limited to two weeks (a total of six lessons), it was
not possible to evaluate the long-term retention of CT skills or their transfer to other mathematical topics.
Therefore, longer-term follow-up studies are needed. The researcher’s dual role as both practitioner and
investigator may introduce bias in data collection and interpretation; however, this risk was minimized through
data triangulation and inter-coder reliability procedures.

2.1. Participants

The study was conducted during the fall semester of the 2025-2026 academic year with sixth-grade students
in Bursa, Tiirkiye. Maximum variation sampling, a purposive sampling method, was employed to determine the
study group. The rationale for selecting this sampling strategy was to examine how the proposed instructional
model functions across students with differing levels of prior knowledge and readiness, rather than within a
homogeneous group.

Accordingly, five students with varying levels of mathematical achievement and prior knowledge of coding
and algorithmic thinking were included in the study after parental consent was obtained. The identification and
description of participant profiles were carried out based on evaluations by the researcher and two field experts.
Detailed participant profiles, presented using pseudonyms, are provided below:

Student 1 (S1) — Technologically Literate: Demonstrates high achievement in mathematics. They previously
participated in a robotics coding course and are familiar with block-based coding logic. The individual possesses
strong analytical thinking skills, although they make procedural errors.

Student 2(S2)— Traditionally Successful: Has high academic achievement. However, interaction with
technology is limited to playing computer games. They have no prior coding experience. It tends to memorize
rules and focus on results rather than question the underlying reasoning.

Student 3 (S3) — Visual Learner: Experiences difficulty with mathematical operations and in understanding
abstract concepts. However, they show a strong interest in the visual arts. The impact of visual tools, such as
Flowgorithm, on this student is a key focus of the study.

Student 4 (S4) — Inquisitive: Demonstrates moderate academic achievement. The student exhibits a
questioning attitude and frequently asks questions during lessons.

Student 5(S5)— Concrete Thinker: Prefers to engage with mathematics through concrete strategies such as
finger counting or drawing. Abstract thinking skills are not yet fully developed. Represents the learner profile
most aligned with unplugged activities.

2.2. Data Collection Instruments

To enhance the validity and reliability of the study, data triangulation was employed, and data were collected
from three different sources:

2.2.1. Participant Observation and Field Notes

The researcher took an active role throughout the implementation process, which lasted six class hours.
Students’ processes of discovering rules, their experiences with technology, and their interactions within the
group were closely observed. In addition, audio recordings were obtained to support the field notes. These
observations were systematically documented after each session. To prevent data loss, field notes were
transferred to digital format on the same day; the original notes were preserved; and audio recordings were
archived with date—time information. Furthermore, key classroom interactions were recorded in brief, real-time
notes to minimize information loss during subsequent documentation. All data were stored in backed-up digital
files to ensure data security and integrity.

2.2.2. Student Artifacts

Unplugged Materials: Worksheets, student-drawn pattern tables, and notes produced during the discovery
phase were collected.
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Technology-Supported Algorithm Files: The .fprg files created by students in the Flowgorithm environment
were digitally archived. These files provide concrete evidence of students’ algorithmic thinking skills, such as
the use of logical operators and the construction of loops.

2.2.3. Semi-Structured Interviews

At the end of the implementation process, semi-structured interviews were conducted to examine students’
perceptions of the process, their use of CT skills, and their conceptual development. The interview form was
developed based on the literature, and expert opinion was obtained to ensure content validity. Each interview
lasted approximately 15-20 minutes. Students were asked questions exploring the relationship between CT
components and mathematical content. The interview questions are presented below:

1. How did the paper-based activities facilitate your process of writing the rule on the computer?

2. How did solving a mathematical problem using a tool like Flowgorithm influence the way you plan
solution steps?

3. While coding divisibility rules on the computer, what new insights did you gain about the logic of the
rule that you had not noticed before?

4. How did solving mathematical problems using this method affect your interest in the lesson and your
self-confidence?

2.3. Implementation Process

The implementation was structured over a two-week period and comprised six class hours. The instructional
process followed a progression from simple to complex, in line with the Cognitive Apprenticeship Model
(Collins, Brown, & Newman, 1989), which emphasizes observing students’ thinking processes and gradually
increasing their level of responsibility.

2.3.1. Week 1: Divisibility by 2, 3, 5, and 10

Unplugged Phase: At the beginning of the process, students were provided with 100 charts and number cards as
visual datasets. In the initial stage, numbers divisible by 2 and by 5 were highlighted under the teacher's
guidance, enabling students to focus on their last digits and identify common patterns. When transitioning to the
rule of divisibility by 3, the rule was not directly taught; instead, an in-class simulation activity called
“Combining Remainders” was implemented.

In this activity, the teacher emphasized that the 9 in each tens block and the 99 in each hundreds block are
multiples of 3, thereby introducing the idea that each place value contributes a “remainder” equivalent to its
digit. For example, in the number 123, students combined cards representing the digits in the hundreds (1), tens
(2), and ones (3) places, resulting in a sum of 6. By checking whether this total was divisible by 3, they inferred
the divisibility of the number. This gamified process concretized the idea that summing the digits corresponds to
combining remainders from each place value. It also provided a cognitive foundation for the place-value
decomposition and summation algorithms that students would later construct in the Flowgorithm environment.

Plugged Phase: The Flowgorithm interface was introduced to the students. The rule discovered in the unplugged
phase, “a number whose last digit is 0 or 5 is divisible by 5,” was transformed into an algorithm using the
modulo (mod) operator and conditional (IF) structures within the programming environment.

Table 2. Evaluation Criteria for Algorithms Developed in the Flowgorithm Environment

Flowgorithm Criterion Description

The extent to which the algorithm correctly follows the established mathematical
Logical Consistency rule (e.g., checking both divisibility by 2 and 3 for divisibility by 6) within a
coherent logical flow.

The ability of the algorithm to produce correct results consistently across different

Accurac e
y numerical inputs.

The appropriate use of flowchart symbols (input, process, decision) and the

Structure correct implementation of the Mod (Modulo) operator within the algorithm.
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2.3.2. Week 1: Divisibility by 4, 6, and 9

Unplugged Phase: Classroom discussions addressed the idea that a number divisible by 6 must be divisible by
both 2 and 3. In this process, students constructed a Venn diagram using differently colored hula hoops placed
on the classroom floor to concretely experience the intersection of two sets. The blue hula hoop represented
numbers divisible by 2, while the red hula hoop represented numbers divisible by 3.

Students were given mixed number cards (e.g., 8, 9, 12, 15, 18) and asked to place them into the appropriate
regions. They observed that the numbers located at the intersection of the two hoops (e.g., 12, 18) satisfied both
conditions and were therefore divisible by 6. This activity enabled students to gain a concrete understanding of
set intersection and its relationship to divisibility rules.

Plugged Phase: In this phase, students were asked to design algorithms that involve checking multiple
conditions. They constructed algorithms for testing divisibility by 6 using either the logical AND operator or
nested conditional structures. This process supported students in translating mathematical reasoning into
structured algorithmic logic.

2.4. Implementation Process

The qualitative data obtained in this study were analyzed using a directed content analysis approach. Directed
content analysis aims to systematically examine and interpret data based on predetermined categories derived
from an existing theoretical framework (Hsieh & Shannon, 2005). In this study, the analysis process began with
the transcription of all audio recordings and the textual documentation of field notes, resulting in a
comprehensive dataset.

Subsequently, the data were coded and thematically categorized according to the four core components of CT
decomposition, pattern recognition, abstraction, and algorithmic thinking, which constitute the study's theoretical
foundation. To enhance the reliability of the analysis, 20% of the data were independently coded by a second
researcher with expertise in the field. Inter-coder agreement was calculated using the agreement formula
proposed by Miles and Huberman (1994). The inter-coder agreement rate of 92% indicated strong consistency in
the analytical process and overall reliability of the study.

In this study, the researcher assumed the role of a practitioner-researcher. Since the researcher’s involvement
in the instructional process may introduce bias, the principle of reflexivity was adopted to mitigate this risk.
Throughout the implementation, the researcher systematically recorded personal expectations and observations
in reflective field notes. During the analysis phase, efforts were made to bracket personal biases and focus on the
recorded data. Furthermore, data triangulation was ensured by cross-checking student artifacts, interview
transcripts, and audio recordings. The identified themes were also reviewed by a second expert in the field,
thereby minimizing the influence of researcher subjectivity on the findings.

2.5. Research Ethics

This study was conducted with the approval of the Ethics Committee of Kocaeli University Social and
Human Sciences(Approval No: E-94094268-020-891911). Throughout the research process, principles of
voluntary participation, informed consent, confidentiality, and privacy were strictly observed, and all procedures
were carried out in accordance with ethical research standards.

3. Findings

Table 3 summarizes students’ CT performance during the implementation process in the context of
divisibility rules, based on the core CT components: decomposition, pattern recognition, abstraction, and
algorithmic thinking. For each student, cognitive progress observed throughout the process and difficulties
encountered were qualitatively coded, and a component-based performance profile was developed. Table 3
provides an overview of how students followed various cognitive pathways, ranging from discovering
mathematical rules to developing algorithms.
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Table 3. Students’ Performance Profiles Based on CT Components in the Divisibility Rules Activity

Students Decomposition Pattern_ . Abstraction Algorithmic Thinking
/ Theme Recognition
Successfully Successfully Successfully demonstrated Succe_zssfully developed an
S1 demonstrated demonstrated pattern - . algorithm using
- . . . abstraction skills. :
decomposition skills. recognition skills. Flowgorithm.
Successfully Successfully Was unable to reach a Failed to develop an
S2 demonstrated demonstrated pattern general rule at the algorithm due to difficulties
decomposition skills. recognition skills. abstraction stage. in abstraction.
Successfully Successfully Continued to recognize Experienced difficulties in
S3 demonstrated demonstrated pattern similar patterns but had organizing Flowgorithm
decomposition skills. recognition skills. difficulty generalizing. components.
Successfully Successfully Achieved abstraction after Successfully developed an
sS4 demonstrated demonstrated pattern . - ; - -
. . - . guided questioning. algorithm in Flowgorithm.
decomposition skills.  recognition skills.
Successfully Successfully Successfully  demonstrated Was unsuccessful due to
S5 demonstrated demonstrated pattern y limited mastery of algorithm

decomposition skills.

recognition skills.

abstraction skills.

components.

In this section, the data obtained during the research process were analyzed in detail under two headings:
“Cognitive Preparation and Discovery in Unplugged Activities” and “Algorithmic Structuring in Technology-
Supported Activities,” based on the components of the theoretical framework of CT.

Unplugged Process: Cognitive Preparation

The unplugged activities, which constituted the first phase of the study, enabled students to intuitively grasp
the mathematical logic underlying divisibility rules. This section presents how CT components decomposition,
pattern recognition, and abstraction are reflected in students’ cognitive processes.

Decomposition: According to the observation notes, students initially perceived multi-digit numbers as a
single whole; however, as the activities progressed, they developed a strategy for decomposing numbers into
rule-relevant components. For example, in the divisibility-by-4 activity, the number 1,248 was divided into
1,200 and 48. Students were observed using their knowledge that 100 and its multiples are divisible by 4 to
break down a complex number into manageable parts. The following dialogue illustrates this process:

Researcher: “How did you determine so quickly whether 73,816 is divisible by 4?2~
S3: “When | break the number apart, it becomes easier. | separate the thousands or hundreds, since they are
divisible by 4. I only check the last 16.”

Pattern Recognition: Coloring activities conducted on hundreds of charts enabled students to identify visual
patterns and to derive general rules. With regard to the divisibility rules for 3 and 9, students discovered that, as
numbers increase, the sums of their digits follow a consistent arithmetic sequence (3, 6, 9...).

An examination of student worksheets revealed that S2 noticed the diagonal pattern formed while marking
multiples of 9 and wrote the following note: “They all make
9! 1+8=9, 2+7=9, 3+6=9". This means that, regardless of how large the number is, the sum of its digits must
equal 9 or a multiple of 9.”

This finding indicates that students were able to define general mathematical relationships based on
individual examples.

Abstraction: One key outcome of the unplugged phase was that students eliminated irrelevant information
and focused on the essence of the rule. S3’s action of covering the higher place values (hundreds and thousands)
with their hand and stating, “I ignore these; they do not change the result,” indicates the ability to exclude non-
essential data from the problem-solving process(abstraction).

Additionally, S5’s explanation during the discussion of divisibility by 6 demonstrates how mathematical
reasoning can be abstracted through metaphors.

S5: “The number 6 is a friend of both 2 and 3. For a number to be divisible by 6, it is not enough that it is
even; it must also be divisible by 3. The sum of its digits must also be a multiple of 3. It must satisfy both
conditions.”
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The student conceptualized the mathematical “AND” (logical AND) operator through metaphors such as
“friendship” and “walking.” This demonstrates the role of abstraction in understanding complex logical
structures.

Technology-Supported Process: Algorithmic Thinking

In the second phase of the study, through the technology-supported process, students transformed the mental
schemas they developed during the unplugged phase into concrete algorithms that function in the Flowgorithm
environment. In this process, the development of algorithmic thinking was analyzed in terms of establishing
sequential logic, using conditional structures, and debugging.

The findings indicate that the area in which students experienced the greatest difficulty, yet showed the most
rapid improvement, was determining the sequence of operations. Although students knew the rule during the
unplugged phase, they realized that implementing it in Flowgorithm required adherence to a specific hierarchical
order.

An examination of students’ .fprg files revealed that during the first week they attempted to place an “If”
block directly without defining variables. However, when the program produced an error, they corrected the
sequence. S1 described this experience as follows:

S1: “When working on paper, I could just say ‘this number is divisible by 3" and move on. In Flowgorithm, 1
first have to tell the computer to input a number (Input), then to calculate its modulo (Process), and finally to ask
it to make a decision (If). The computer cannot read my mind, | have to tell it everything step by step.

This statement indicates that the student understood the concept of “sequential processing,” which underpins
algorithmic thinking.

Particularly in the second week, the divisibility-by-6 rule elevated students’ algorithmic thinking skills.
Students developed different strategies to model the condition that two requirements (divisibility by both 2 and
3) must be satisfied simultaneously.

In the first observed strategy, S4 employed nested conditional structures within the algorithm. First, the
student checked whether the number was divisible by 2 and, if the answer was “Yes,” proceeded to a second
check to determine whether the number was divisible by 3. In the second observed strategy, S1 and S3
demonstrated a more advanced approach by using the logical “AND” operator to express both conditions within
a single decision block: (Number % 2 == 0) && (Number % 3 == 0).

This finding indicates that students were able to generate alternative solution strategies and algorithms while
modeling complex mathematical relationships in a digital environment.

Table 4. Differences in Students’ Performance in Flowgorithm Use and Divisibility Rule Algorithms

Features S1 S2 S3 S4 S5
Follows the Constructs  nested Prefe_r X basic
. . . decision  blocks
. . Uses basic if logical flow by decision structures
Flowgorithm Uses nested if-else - and outputs close
structures and focusing on block and complex control
Control structures and the . I h fl lock to everyday
Structures logical AND operator simpze SNapes and flow  bloc S by language  (e.g
" conditions. directions establishing cause- ., A
(Yes/No arrows).  effect relationships. Y?S.’ it 1S
divisible!”).
Conceptualizes
Develops the rule as a Interprets abstract
Develops a complex o ., Creates control
- simple visual filtering - rules through
algorithm that . mechanisms that . .
. algorithms by  process by physical actions
Rule simultaneously checks . - test why the rule
A checking selecting only the w or metaphors
Structure divisibility by both 2 PR works (e.g., “What » .
At divisibility by 2 relevant part of a . . (e.g., “breaking
AND 3 for divisibility —_. if the number is -
by 6 first, then large number 0dd?”) the number into
' separately by 3. (e.g., the last two e parts”).
digits).
When the algorithm Develops a Overcomes
In  case of .
does not produce the Manages complex systematic abstract
. errors, seeks - .
expected result, it number structures  perspective and mathematical
: e help from the . . e
identifies and corrects by  concretizing transfers the logic of  difficulties and
Outcome - teacher or peers - : -
logical errors the rule logic one rule (e.g., internalizes
: and corrects - R,
independently through mistakes  with through visual divisibility by 4) to concepts as
step-by-step quidance representations. another (e.g., concrete

reasoning.

divisibility by 8).

algorithmic steps.
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According to Table 4, notable differences were observed between S1 and S2 in their use of Flowgorithm and
in their processes for constructing divisibility-rule algorithms. It was found that S1 developed more complex,
integrated algorithms across both control structures and rule construction, and independently identified and
corrected errors by following their own logical reasoning. In contrast, S2 preferred more basic conditional
statements, approached divisibility rules as separate algorithms, and required external guidance when
encountering errors. These findings indicate that students’ levels of algorithmic thinking and their autonomy in
problem-solving differ significantly.

4, Discussion and Conclusion

This action research aimed to examine, in depth, the effects of a holistic instructional model centered on CT
components (Unplugged — Plugged) on sixth-grade students’ processes of constructing divisibility rules and the
development of their algorithmic thinking skills. The findings were discussed in light of the study’s theoretical
framework and the relevant literature.

One significant outcome of the study is that when unplugged and technology-supported processes are
employed in a hierarchical sequence, they optimize students’ cognitive load and deepen conceptual
understanding. This finding supports recent research indicating that holistic (unplugged—plugged) learning
designs reduce cognitive load and facilitate conceptual connections (Ke, 2022; Tang, Yin, Lin, Hadad & Zhai,
2020).

One of the main outcomes of the unplugged phase is that students are able to eliminate unnecessary
information and focus on the essence of the rule (Beyazhanger, 2021; Wing, 2006). Similarly, the findings of this
study indicate that engaging with concrete materials before transitioning to coding provides a critical foundation
for internalizing mathematical concepts. This can be explained by Sweller’s (1988) Cognitive Load Theory. In
learning environments that begin with computer-based instruction, students must learn the mathematical rules
and the syntax of a programming language simultaneously, which may increase cognitive load and hinder
conceptual understanding. This is particularly evident in early learning stages, where abstract mathematical
relationships have not yet been fully constructed, causing students’ attention to shift away from conceptual
content toward technical procedures. In contrast, in this study, as emphasized by Bell and Vahrenhold (2018),
unplugged activities functioned as a cognitive filter, allowing students to first make sense of the mathematical
structure and subsequently express it algorithmically in technology-supported environments in a more
manageable way. This finding suggests that temporally separating content learning from tool usage in CT-based
instructional designs can be pedagogically beneficial. Recent studies also highlight that unplugged activities
provide strong conceptual preparation, especially for abstract concepts (Basu, Biswas & Kinnebrew, 2020;
Weintrop et al., 2016). Students (particularly S3 and S5), having completed the decomposition, pattern
recognition, and abstraction stages on paper without distraction from technological details, entered the plugged
phase conceptually prepared.

The transformation of verbally expressed rules in the unplugged phase into flowcharts in the Flowgorithm
environment provided a learning experience consistent with Papert’s (1980) constructionism. According to
Papert (1980), the most effective learning occurs when students “teach” the computer what to do. In this study,
as students attempted to teach the computer divisibility rules by constructing algorithms, they became aware of
gaps in their own reasoning. This finding is also consistent with recent studies indicating that visual
programming environments enhance students’ metacognitive awareness (Chytas et al., 2024; Nordby, Jessen &
Misfeldt, 2024). Particularly in debugging processes, students’ ability to analyze their own errors independently
of the teacher demonstrates that CT is not merely a tool but a systematic problem-solving discipline (Brennan &
Resnick, 2012).

The ability of students with medium and low academic achievement (S2 and S3) to construct complex
algorithms confirms the pedagogical appropriateness of the selected tool. The “low threshold” principle
emphasized by Resnick et al. (2009) is reflected in this study. The current literature also shows that visual
programming tools such as Flowgorithm, Scratch, and Blockly reduce cognitive load and support mathematical
reasoning (Basu et al., 2020; Ke, 2022). Since the syntactic difficulties of text-based coding were eliminated,
students were able to focus their cognitive efforts on constructing mathematical logic, such as nested IF
structures and the AND operator.

The finding that unplugged activities strengthened students’ conceptual preparation and facilitated the
transition to the plugged phase partially aligns with studies in the national literature focusing on unplugged
activity-based approaches (Mumcu, Kidiman & Ozding, 2023). While these studies primarily focus on the effects
of unplugged activities on CT skills, they do not directly address the pedagogical outcomes of transitioning from
unplugged processes to plugged environments. Similarly, studies demonstrating that unplugged activities support
subdimensions of CT, such as algorithmic thinking, problem-solving, and logical reasoning, corroborate this
finding (Delal & Oner, 2020; Sun et al., 2021; Threekunprapa & Yasri, 2020). On the other hand, studies
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focusing on plugged environments show that digital tools can improve algorithmic thinking skills, although this
improvement may not be equally reflected across all subdimensions (Aydogdu, 2020; Ramazanoglu, 2021; Zhao
& Shute, 2019). Studies combining unplugged and plugged activities emphasize that these two approaches
complement each other in supporting CT development (Mufioz et al., 2020; Relkin et al., 2021; Romero et al.,
2018). In the present study, the unplugged phase was treated as a preparatory component for the algorithmic-
expression process in the plugged phase, and this two-stage, holistic structure was observed to support students’
conceptual understanding. In this respect, the findings extend the scope of studies focused on unplugged
approaches within the national literature and demonstrate that combining unplugged and plugged processes can
form a pedagogically complementary structure. Recent studies also emphasize that integrating CT tools into
mathematics classroom activities can support mathematics learning, but this depends on instructional design
(Nordby et al., 2024). Similarly, learning designs that integrate CT holistically into mathematics instruction have
been shown to strengthen students’ conceptual understanding and problem-solving processes (Chytas et al.,
2024). In this context, the hierarchical model used in the present study, starting with unplugged activities and
continuing with plugged applications, operationalizes the holistic approach suggested in the literature as a
concrete instructional cycle. Furthermore, considering recent research indicating that visual programming
environments reduce cognitive load and support conceptual focus (Tsarava et al., 2022), the use of Flowgorithm
appears to be a pedagogically functional choice, especially for students with medium and low achievement
levels.

This study demonstrates that CT-based mathematics instruction transforms students from passive recipients
who memorize formulas into active producers who discover and model mathematical relationships. The unique
contribution of the study lies in presenting a concrete model for how the cycle of Unplugged Exploration and
Plugged Application can be operationalized for teaching a mathematical concept. While the unplugged phase
represents conceptual discovery, the plugged phase represents systematic construction; this synthesis
simultaneously enhances students’ 21st-century skills, algorithmic thinking, and mathematical reasoning.

Theoretical and Pedagogical Contributions

This study presents a two-stage holistic model, conceptualized as From Unplugged Exploration to Plugged
Application, for the integration of CT into mathematics education. The original contributions of the study are
summarized as follows:

The study theoretically demonstrates that CT components, decomposition, pattern recognition, abstraction,
and algorithmic thinking are not limited to computer science but also function as fundamental cognitive tools in
the construction of mathematical concepts. In particular, the hierarchical relationship between the cognitive load-
reducing role of unplugged activities and the constructive power of plugged activities provides a theoretical
framework for CT-based instructional designs.

For practitioners, a practical, cyclical implementation guide is provided that shows how abstract
mathematical rules can be concretized through the visual programming tool Flowgorithm. This model offers a
pedagogical alternative by enabling students to correct their mathematical errors independently through
debugging processes, thereby illustrating how metacognitive awareness can be supported in mathematics
classrooms.

5. Recommendations

The findings of this study offer several important implications for practice and future research. When
teachers integrate coding-based activities into mathematics lessons, they should avoid starting the process
directly in a digital environment and instead plan a short, goal-oriented unplugged preparation phase that allows
students to concretize mathematical structures. In this study, students’ representation of place values using
physical materials and their understanding of the logic of digit summation through the combining remainders
activity facilitated their later interpretation of the algorithms they constructed.

Accordingly, teachers may first incorporate concrete representations and classroom discussions into topics
such as divisibility, patterns, or number systems. The findings also indicate that the nature of the tool used in the
plugged phase is crucial. Rather than highly gamified environments, flowchart-based tools such as Flowgorithm,
which allow step-by-step visualization of logical processes, appear more effective at directing students’ attention
to mathematical thinking. Therefore, instead of expecting students to write code directly, teachers are advised to
first encourage them to organize their mathematical thinking through flow diagrams.

As observed in this study, when students initially recognize mathematical patterns through concrete
activities, they develop a deeper understanding that the algorithms they construct in digital environments are not
merely technical procedures but representations of mathematical structures. For this reason, it is recommended
that teachers position digital activities as the application phase, while supporting conceptual instruction through
classroom interaction and material-based activities.
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Future research may examine the applicability of this holistic approach across different mathematical topics
(e.g., ratio and proportion, algebraic thinking, patterns, and problem-solving). Additionally, studies conducted
with different age groups and grade levels may reveal at which developmental stages the model is most effective.
Furthermore, quasi-experimental or experimental studies with larger samples could quantitatively test the effects
of the model not only on academic achievement but also on subdimensions of computational thinking,
mathematical reasoning processes, and cognitive load levels. Future studies may also compare designs in which
the duration and structure of the unplugged phase vary, contributing to identifying optimal implementation
conditions for the model. In addition, longitudinal studies examining the development of students’ algorithmic
thinking skills could provide a more comprehensive understanding of the lasting effects of the proposed
instructional model.

Ethics Statement: This study was approved by the Ethics Committee of Kocaeli University Social and Human
Sciences (Approval No: E-94094268-020-891911).
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Matematik Egitiminde Bilgi islemsel Diisiinme: Teknolojisiz Kesiften Teknoloji Destekli
Uygulamaya

1. Giris

21. ylizy1l becerileri, Endiistri 4.0 devrimi ve dijitallesen diinyanin gereklilikleri, egitim sistemlerinin temel
paradigmalarini kokten degistirmektedir. Giinimiizde okuryazarlik kavrami, sadece metinleri okuyup anlama
becerisinin otesine gegerek; dijital okuryazarlik, veri okuryazarligi ve en nihayetinde bilgi islemsel diisiinme
yetkinliklerini kapsayacak sekilde genislemistir. Ekonomik Isbirligi ve Kalkinma Orgiitii (OECD) tarafindan
yiriitiilen PISA smavlarinda da matematik okuryazarhigi, artik gercek hayat problemlerini formiile etme ve
¢ozme becerisiyle iliskilendirilmektedir. Bu baglamda, matematik egitimi, Ogrencilere sadece soyut sayisal
islemleri 6gretmekten ziyade, bu islemleri teknolojik araglarla modelleyebilecekleri bir zihinsel altyap: sunmak
zorundadir.

Matematik egitiminde yaygin olarak benimsenen geleneksel 6gretim yontemleri (6gretmen merkezli anlatim,
tekrar ve aligtirma temelli uygulamalar), ¢ogunlukla kavramlarin derinlemesine kavranmasi yerine formiil ve
kurallarin ezberletilmesine odaklanmaktadir (Boaler, 2016; Hiebert & Grouws, 2007). Bu durum, 6grencilerin
matematiksel bilgiyi ylizeysel diizeyde edinmelerine yol agmakta ve kalict 6grenmenin Oniinde engel teskil
etmektedir. Boaler (2016), 6grencilerimiz formiilleri ezberlemek yerine matematiksel kavramlari derinlemesine
anlamal1 ve iligkileri kesfetmelidir diyerek bu soruna isaret etmektedir. Hiebert ve Grouws (2007) ise kurallarin
baglamindan koparilarak ezberletilmesinin, Ogrencilerin anlamli  6grenme  siireglerini  engelledigini
vurgulamaktadir. S6z konusu problem, dogasi geregi algoritmik bir yapi sergileyen bdoliinebilme kurallarinin
dgretiminde daha belirgin hale gelmektedir. Ogrenciler ¢ogu zaman bir saymin neden 3’e béliinebildigini
sorgulamadan yalnizca rakamlar1 toplama kuralin1 uygulamakta ve islemsel bir prosediirii mekanik bigimde takip
etmektedir. Oysa boliinebilme kurallari, sayilarin yapisal 6zelliklerini anlamak igin giiglii bir baslangi¢ noktasi
sunmasina ragmen, yalnizca ezber diizeyinde ogretildiginde bu kavramsal o6grenme firsati tamamen
kagirilmaktadir (Van de Walle, Karp & Bay-Williams, 2019).

Ulusal Matematik Ogretmenleri Konseyi [NCTM] (2000), egitimin amacinin sadece dogru cevabi bulmak
degil, ¢6ziimiin arkasindaki mantig1 kavramak ve akil yiiriitme becerilerini gelistirme oldugunu belirtmektedir.
Bu caligmanin temel dayanagi, bu amaca ulasmada Teknolojisiz'den Teknoloji Destekli'ye gegisi siirecine vurgu
yapan Bilgi Islemsel Diisiinme (BiD) temelli bir modelin gerekliligidir.

Wing (2006) tarafindan "problemleri, bilgisayarlarin da ¢oziimleyebilecegi bir formda ifade etme becerisi"
olarak tanimlanan BID, ayristirma, Sriintii tanima, soyutlama ve algoritmik diisiinme bilesenleriyle matematiksel
problem ¢ozme siiregleriyle dogal bir ortiisme icindedir (Liu vd., 2024). BiD'nin disiplinleraras1 dogas1 ve
matematikle olan iliskisi, Weintrop ve digerleri (2016) tarafindan da vurgulanmaktadir. Bocconi, Chioccariello,
Dettori, Ferrari ve Engelhardt (2016) bu iliskiyi soyle aciklar: "BID, bilisimsel araglarla problemi ¢dzmekten
ziyade, problem ¢6zme siirecini formiile etmek igin gerekli biligsel becerileri ifade eder; bu da onu matematiksel
diistinme ve mantikla dogal bir ortaklik i¢ine sokar."

Bu calismada BID bilesenleri, béliinebilme kurallar1 baglaminda su sekilde islevsellestirilmistir ve Tablo1’de
gosterilmistir:

1. Ayrnstirma: Karmagik bir problemi daha kii¢iik ve yonetilebilir parcalara bolmek.

2. Oriintii Tanima: Sayisal parcalar arasindaki benzerlikleri ve tekrar eden kaliplar1 belirlemek.

3. Soyutlama: Problemin temel prensibini ortaya ¢ikararak gereksiz detaylari elemek ve genel formiile
ulagmak.

4.  Algoritmik Diisiinme: Coziime ulagtiracak adim adim bir akig semasi olusturmak.
Tablo 1. Boliinebilme Kurallarmin Ogretiminde Bilgi islemsel Diisiinme Bilesenlerinin Rolii

BiD

Bileseni Béliinebilme Kurallar1 Baglaminda Islevselligi Gerekgelendirme
Cok basamakli bir saymin (6rn: 12.450) kurali Karmasik ve biiyiik veri setlerini, ¢dzliim igin
Ayristirma  ilgilendiren parcalarina (son basamak veya rakamlar anlamli olan en kiigiik alt bilesene indirgemeyi
toplami) ayrilmasi. saglar.
a Sayilarin son basamaklarindaki (0, 2, 4, 6, 8) veya Matematiksel durumlar arasindaki benzerlikleri
Oriintii . . L . .
rakam toplamlarindaki (3, 6, 9..) diizenliliklerin fark ederek tiimevarimsal bir ¢ikarim yapilmasini
Tanima . . <
kesfedilmesi. saglar.
Sovutlama Saymin kendisinden bagimsiz olarak, "¢ift olma" veya Temel kurali, gereksiz detaylardan arindirarak
y "rakamlar toplam1" kuralina odaklanilmasi. genellestirilebilir kilar.
—_ Kesfedilen kurallarin "EGER... ISE" mantigiyla adim  Matematiksel bir kanitin veya islemin, bilgisayarca
Algoritmik . P . . . o .
- adim bir akis semasina veya Kkarar yapisina yiritilebilir sirali bir komut setine doniigmesini
Diistinme R, . <
doniistiiriilmesi. saglar.
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BiD'nin matematik egitimine entegrasyonunda birbirini tamamlayici olmak iizere Teknolojisiz ve Teknoloji
destekli iki yaklagim bulunmaktadir (Bell & Vahrenhold, 2018; Brackmann vd., 2017; Kalelioglu, Giilbahar &
Kukul, 2016; Weintrop vd., 2016). Teknolojisiz etkinlikler, Ogrencilerin bilgisayar kullanmadan; somut
materyaller araciligiyla algoritmik mantigi kavramalarini saglar. Curzon, McOwan, Cutts ve Bell (2014), bu
aktivitelerin 6nemini "Bilgisayar biliminin temel fikirlerini bir cihaza ihtiya¢ duymadan 6gretmek, dgrencilerin
s6zdizimi hatalariyla ugrasmadan kavramin 6ziine odaklanmalarimi saglar" seklinde vurgulamaktadir. Bu
caligmada teknolojisiz evre, ozellikle ayrigtirma ve soyutlama becerileri i¢in bir biligsel hazirlik agamasi olarak
kullanilmustir.  Biligsel Yik Kurami (Sweller, 1988) baglaminda bakildiginda, teknolojisiz etkinlikler
Ogrencilerin kodlamanin teknik detaylariyla ugrasmadan oOnce matematiksel kavrami igsellestirmelerini
saglayarak konu dis1 bilissel yiikii azaltmaktadir. Teknoloji destekli etkinlikler ise bu kavramsal temelin iizerine
insa edilen dogrulama ve uygulama siirecidir. Ogrenciler, Flowgorithm gibi gorsel programlama ortamlarinda,
teknolojisiz siiregte kesfettikleri ayristirma, Oriintli tanima ve soyutlama gibi matematiksel iligkileri adim adim,
sirali mantik yapilarina doniistiiriirler. Bu asamada Flowgorithm'in tercih edilmesi, Resnick ve digerlerinin
(2009) diisiik giris bariyeri ilkesine dayanmaktadir. Bu siire¢, 6grencinin soyut matematiksel kavramlari; somut,
calistirilabilir ve test edilebilir bir modele doniigtirmesini saglayarak Papert'in (1980) yapilandirmacilik
kuramiyla ortiisen bir anlayis gelistirmesine olanak tanir.

Teknolojisiz etkinliklerin BID becerileri iizerindeki etkisini inceleyen calismalar, &zellikle algoritmik
diisiinme, problem ¢6zme ve mantiksal akil yiiriitme gibi alt becerilerde anlamli gelismeler saglandigini
gostermektedir. Kisa siireli ve yapilandirilmis miidahalelerin dahi 6grencilerin BID diizeylerinde artis
olusturabildigi ve somut materyallerle yiiriitiilen etkinliklerin kavramsal temeli giiglendirdigi belirtilmektedir
(Delal & Oner, 2020; Sun, Hu & Zhou, 2021; Threekunprapa & Yasri, 2020). Teknoloji destekli etkinliklerin
BID becerileri iizerindeki etkisini inceleyen arastirmalar, blok tabanli programlama, robotik uygulamalar ve
oyun temelli dijital ortamlarin 6zellikle algoritmik diisiinme ve problem ¢6zme boyutlarinda gelisim sagladigim
ortaya koymaktadir. Bununla birlikte bazi ¢aligmalarda gelisimin tiim alt boyutlara esit diizeyde yansimadig1 ya
da istatistiksel olarak anlamli fark olusmadigi da rapor edilmistir (Alsancak-Sirakaya, 2019; Ataman-Uslu,
Mumcu & Egin, 2018; Aydogdu, 2020; Bal, 2019; Cansiz, 2022; Eriimit, Sahin & Karal, 2020; Kaya, Korkmaz
& Cakir, 2020; Kilig, 2022; Oluk, Korkmaz & Oluk, 2018; Ozer-Sanal & Erdem, 2017; Ramazanoglu, 2021;
Yurdakok, 2022; Zhao & Shute, 2019). Teknolojisiz ve teknoloji destekli etkinliklerin birlikte kullanildig:
calismalar, bu iki yaklasimin farkl: biligsel siirecleri destekledigini ve birlikte planlandiginda daha biitiinciil bir
BID gelisimi saglayabildigini gdstermektedir (Akg¢ay, Karahan & Tiirk, 2019; Dinger, 2021; Munoz, Gutierrez &
Calero, 2020; Relkin, Ruiter & Bers, 2021; Romero vd., 2018; Sigayret, Tricot & Blanc, 2022; Wohl, Porter &
Clinch, 2015; Yilmaz, 2023).

Mevcut literatiir birlikte degerlendirildiginde, hem teknolojisiz hem de teknoloji destekli etkinliklerin BID
becerilerinin gelistirilmesinde etkili olabildigi gériilmektedir; ancak BID becerilerinin matematik egitimi ile
entegre edildigi teknolojisiz etkinliklerden teknoloji destekli etkinliklere gegis siirecini birlikte ele alan biitiinciil
bir model igeren c¢aligmalara rastlanmamistir. Caligmalarin 6nemli bir kisminin kisa siireli miidahalelere
dayanmasi, farkli uygulama tasarimlarinin karsilagtirmali olarak yeterince incelenmemis olmasi ve pedagojik
baglamin etkisinin sinirh bicimde ele alinmasi da dikkat ceken temel bosluklar arasindadir. Bunun yan sira, BID
becerilerinin matematik egitimine entegrasyonuna yonelik aragtirmalari ¢ogunlukla problem ¢6zme ya da temel
kodlama becerilerine odaklandig1 goriilmektedir (Lye & Koh, 2014). Oysa boliinebilme kurallar1 gibi dogasi
geregi algoritmik bir yapiya sahip matematiksel konularin 6gretiminde, teknolojisiz bir kesif ve hazirlik evresi
ile teknoloji destekli uygulama evresi arasinda gergeklesen bilissel gecisin nasil yapilandirilacagina iliskin
alanyazinda belirgin bir bosluk bulunmaktadir (Bell & Vahrenhold, 2018). Mevcut c¢alismalarin bir kismi
yalnizca teknolojisiz etkinliklerin, bir kismi ise dogrudan gorsel programlama araglarinin etkililigine
odaklanmakta; bu iki siireci birbirini tamamlayan biitlinciil bir pedagojik dongii olarak ele alan modeller ise
gorece smirli kalmaktadir (Chytas, van Borkulo, Drijvers, Barendsen & Tolboom, 2024).

Bu calisma, teknolojisiz kesiften teknoloji destekli uygulamaya gegen biitiinciil modeli boliinebilme kurallar
baglaminda yapilandirarak s6z konusu yontemsel ve pedagojik boslugu doldurmayr amaglamaktadir.
Arastirmanin temel hedeflerinden biri, 6grencilerin geleneksel 6gretimde siklikla goriildiigii gibi bir kural ya da
formiili yalnizca ezberleyerek uygulamalarinin &tesine gegilmesini saglayarak, ogrencilerin teknolojisiz
etkinlikler araciligiyla somut deneyimlere dayali olarak ayristirma Oriintii tanima ve soyutlama siireglerini
deneyimlemeleri; ardindan teknoloji destekli etkinliklerde bu genellemeleri gorsel programlama ortaminda
oriintii tanima ve algoritmik diigiinme siiregleri yoluyla test ederek yapilandirmalart hedeflenmektedir. Bu
yoniiyle ¢aligma, bilgi islemsel diisinmenin dort temel bileseninin matematik 6gretimiyle nasil biitiinlesik bir
yap1 olusturdugunu ortaya koymay1 amaglamaktadir. Caligmanin 6nemi ii¢ boyutta degerlendirilebilir. Birincisi,
matematik egitiminde sozel agiklama ve formiile dayali ezberci yaklasimin Gtesine gegen; siire¢ odakli,
yapilandirmact bir pedagojik alternatif sunmasidir. ikincisi, BID nin soyut bir kavram olmaktan cikarilarak
somut ders etkinliklerine nasil donistiiriilebilecegine iligkin uygulanabilir bir 6gretim modeli (Teknolojisiz —
Teknoloji Destekli) énermesidir. Ugiinciisii ise boliinebilme kurallar1 gibi algoritmik dogaya sahip matematiksel
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iceriklerin Ogretiminde, teknolojisiz ve teknoloji destekli basamaklarin biitiinciil kullanimmin olasi pedagojik
etkilerine 151k tutmasidir.

Aragtirmanin problemi "Teknolojisiz ve teknoloji destekli etkinliklerle desteklenen BiD temelli 6gretim
yaklagimi, ortaokul 6grencilerinin boliinebilme kurallarimi kavramsal anlamalarint ve BID becerilerini nasil
etkiler?" olarak belirlenmistir.

2. Yontem

Bu calisma, nitel arastirma yaklasimi gercevesinde eylem aragtirmasi deseni ile yiiriitilmistiir. Eylem
aragtirmasi, Ogretimde yapilan uygulamalarin sistematik olarak incelendigi, karsilasilan sorunlara ¢6ziim
iiretildigi ve bu ¢oziimlerin etkililiginin dongiisel bir siirecte degerlendirildigi yansitici bir sorgulama tiiriidiir
(Stringer, 2014). Bu ¢alismada eylem arastirmasi deseninin tercih edilmesinin iki temel gerekgesi bulunmaktadir.
Ik olarak, arastirmaci yalmzca disaridan bir gozlemci degil, ayn1 zamanda 6gretim siirecini yonlendiren ve
ogrencilerin anlik tepkilerine gore ders planmi esnetebilen bir uygulayicidir. Bu nedenle, BID temelli yeni
6gretim modelinin 6zellikle teknolojisiz etkinliklerden teknoloji destekli etkinliklere gecis siirecinin etkililiginin
belirlenmesinde uygun oldugu diisiiniilmiistiir. ikinci olarak, calisma bes ogrenci gibi kiiciik bir grupla
yiriitlildiigli i¢in, 6grencilerin boliinebilme kurallarini yapilandirma siireglerindeki zihinsel degisimler mikro
diizeyde ayrintili bigimde izlenebilir. Boylece eylem aragtirmasi bu arastirmada hem miidahaleye olanak tantyan
hem de derinlemesine analiz saglayan en uygun yontem olarak 6ne ¢ikmaktadir. Nitel aragtirmalarda amag
istatistiksel genelleme yapmak degil, baglama 6zgii derinlemesine bir anlayis gelistirmektir. Bu baglamda,
aktarilabilirlik ilkesi (Lincoln & Guba, 1985; Nowell, Norris, White & Moules, 2017) dogrultusunda arastirma
stireci, 6grenme ortami ve katilimer ozellikleri ayrintili bicimde betimlenerek bulgularin benzer baglamlara
uyarlanabilirligi desteklenmistir. Bu sayede okuyucularin bulgularin kendi &gretim ortamlarina uygunlugunu
degerlendirebilmeleri amaglanmustir.

Bu calisma, eylem arastirmasi deseninin dogasi geregi bazi smirliliklar igermektedir. ilk olarak, arastirma
yalnizca bes 6grenci ile ylriitiilmiistiir. Bu durum derinlemesine ve ayrintili veri elde etmeye olanak tanimakla
birlikte, sonuglarin daha genis dgrenci gruplarina genellenebilirligini simirlamaktadir. ikinci olarak, uygulama
siireci iki hafta (toplam alti ders saati) ile smirli oldugundan, BID becerilerinin kalicihginin ya da farkh
matematik konularina transferinin degerlendirilmesi miimkiin olmamistir. Bu nedenle daha uzun siireli izleme
calismalarina ihtiyag duyulmaktadir. Son olarak, arastirmacinin ayn1 zamanda uygulayici roliinde bulunmasi,
veri toplama ve yorumlama siireglerinde yanlilik riski olusturabilir; ancak bu risk, veri cesitlemesi ve
kodlayicilar arasi giivenirlik ¢caligmalariyla en aza indirilmeye ¢alisilmistir.

2.1. Katilimcilar

Aragtirma, 2025-2026 egitim-6gretim yili giiz doneminde, Bursa ilinde 6. sinif 6grencileri ile yiirtitiilmiistiir.
Calisma grubu belirlenirken, amagl 6rnekleme yontemlerinden maksimum gesitlilik 6rneklemesi kullanilmustir.
Bu 6rnekleme stratejisinin se¢ilme nedeni, gelistirilen 6gretim modelinin tek tip 6grenci grubu tizerinde degil,
farkli hazirbulunusluk diizeylerine sahip 6grenciler iizerinde nasil ¢alistigim gorebilmektir. Bu kapsamda,
matematiksel akademik basar1 ve kodlama/algoritma o6n bilgisi kriterlerine gore gesitlilik gosteren 5 6grenci veli
onamlar1 alinarak ¢alismaya dahil edilmistir. Katilimci1 profillerinin belirlenmesi ve betimlenmesi siireci
aragtirmacinin ve iki alan uzmaninin goriigleri dogrultusunda gergeklestirilmigtir. Katilimcilarin kod adlari
kullanilarak olusturulan ayrintili profilleri asagida sunulmustur:

Ogrenci 1 (O1) - Teknoloji Okuryazari: Matematik ders notlar1 yiiksek seviyededir. Daha énce okulunda
robotik kodlama kursuna katilmig, blok tabanli kodlama mantigina yatkindir. Analitik diisiinme becerisi
gelismistir, ancak bazen islem hatasi yapabilmektedir.

Ogrenci 2 (02) - Geleneksel Basarili: Okul basaris1 yiiksektir, ancak teknolojiyle iliskisi sadece bilgisayar
oyunu oynamakla sinirlidir. Daha 6nce kodlama egitimi almamistir. Kurallar1 ezberleme egilimindedir, "Neden"
sorusunu sormaktan ziyade sonuca odaklanir.

Ogrenci 3 (03) - Gorsel Ogrenen: Matematiksel islemlerde zorlanan ve soyut kavramlari anlamlandirmada
giicliik ceken bir 6grencidir. Ancak gorsel sanatlara ilgisi yiiksektir. Flowgorithm gibi gorsel araglarin bu 6grenci
tizerindeki etkisi aragtirmanin 6nemli odak noktalarindan biridir.

Ogrenci 4 (04) - Sorgulayici: Akademik basaris1 orta diizeydedir. Derste siirekli soru soran ve sorgulayici
yapidadir.

Ogrenci 5 (05) - Somut Islemci: Matematigi parmakla sayma veya sekil ¢izme gibi somut yontemlerle
yapmay1 tercih eder. Soyut diisiinme becerisi tam olarak gelismemistir. Teknolojisiz etkinliklerin en ¢ok hitap
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2.2. Veri Toplama Araclari

Aragtirmanin gegerlik ve giivenirligini artirmak amaciyla veri ¢esitlemesi saglanmig ve ii¢ farkli kaynaktan
veri toplanmustir:

2.2.1. Katilimci Gozlem ve Saha Notlart

Arastirmaci 6 ders saati siiren uygulamanin tamaminda aktif rol almistir. Ogrencilerin 6zellikle bir kurali
kesfetme stirecleri, teknoloji deneyimleri ve grup ig¢i etkilesimleri gozlemlenmistir. Ayrica, saha notlarini
destekleyecek sekilde ses kaydi alinmigtir. Bu gézlemler, her oturumun ardindan saha notlarina doktlmiistiir.
Veri kaybin1 6nlemek amaciyla saha notlar1 ayni giin iginde dijital ortama aktarilmig, ham notlar saklanmis ve
ses kayitlarina tarih-saat bilgileri eklenerek arsivlenmistir. Ayrica, énemli siif i¢i etkilesimler kisa hatirlatici
notlarla anlik olarak kaydedilmis, boylece sonradan yazim sirasinda bilgi eksilmesinin oniine gegilmistir. Tiim
veriler yedeklenmis dijital dosyalarda saklanarak veri giivenligi ve biitiinligii saglanmistir.

2.2.2. Ogrenci Uriinleri

Teknolojisiz Materyaller: Ogrencilerin kesif asamasinda kullandiklar1 calisma yapraklari, gizdikleri Sriintii
tablolar1 ve aldiklar1 notlar toplanmustir.

Teknoloji Destekli Algoritma Dosyalari: Ogrencilerin Flowgorithm yaziliminda olusturduklari. fprg uzantili
dosyalar dijital olarak arsivlenmistir. Bu dosyalar, 6grencilerin mantiksal operator kullanimi, dongti kurma gibi
algoritmik diistinme becerilerinin somut kanitlaridir.

2.2.3. Yar1 Yapilandrilmis Goriigmeler

Uygulama siireci sonunda &grencilerin siirece dair algilarmi, BiD becerilerini kullanma bicimlerini ve
kavramsal gelisimlerini belirlemek amaciyla yari-yapilandirilmig gorismeler yapilmustir. Gériisme formu
hazirlanirken literatiirden yararlamlmis ve kapsam gecerligi igin bir alan uzmaninin goriisti alimmustir.
Goriismeler ortalama 15-20 dakika siirmiis; 6grencilere BID bilesenleri ile matematiksel icerik arasindaki bagi
sorgulayan sorular yoneltilmistir. Gortiisme formunda yer alan sorular asagida sunulmustur:

Soru 1. Kagit iizerinde yaptigimiz ¢alismalar, bilgisayarda kurali yazarken isini nasil kolaylastirdi?

Soru 2. Bir matematik problemini Flowgorithm gibi bir aragla ¢6zmek, problemin ¢6ziim adimlarini
planlamanda sana nasil bir bakis agis1 kazandirdi?

Soru 3. Boliinebilme kurallarini bilgisayarda kodlamaya caligirken, kuralin mantigina dair daha 6nce fark
etmedigin neler kegfettin?

Soru 4. Matematik problemlerini bu yontemle ¢6zmek, derse olan ilgini ve kendine olan giivenini nasil
etkiledi?

2.3. Uygulama Siireci

Uygulama, iki hafta toplam 6 ders saati siirecek sekilde yapilandirilmigtir. Bu siiregte 6gretim, 6grencilerin
diigiinme siireglerini gozlemleyip giderek artan sorumluluklarla uygulama yapmasini saglayan Biligsel Ciraklik
Modeline (Collins, Brown & Newman, 1989) uygun olarak basitten karmasiga dogru ilerlemistir.

2.3.1. 1. Hafta: 2, 3, 5, 10 ile Boliinebilme

Teknolojisiz Asama: Siirecin basinda 6grencilere 100’liikk tablolar ve say1 kartlar1 dagitilarak gorsel bir veri
seti sunulmustur. Tk asamada 6gretmen rehberliginde 2 ve 5 ile boliinebilen sayilar boyanmis, dgrencilerin son
basamaga odaklanarak ortak oriintiileri kesfetmeleri saglanmistir. 3’e boliinebilme kuralina gecildiginde ise kural
ezberletilmemis; bunun yerine Artanlari Birlestir adli sinif i¢i bir simiilasyon uygulanmustir.

Bu etkinlikte 6gretmen, her 10’luk blokta 9’un, her 100’lik blokta ise 99’un 3’iin kati1 oldugunu vurgulayarak
her basamaktan say1 degeri kadar “artan” kaldigi mantigmi sunmustur. Ornegin, 123 sayisinda &grenciler
yiizliikten 1, onluktan 2 ve birlikten 3 artani temsil eden kartlar1 birlestirerek toplamda 6’ya ulagsmislardir. Elde
edilen bu toplamin 3’¢ boliiniip bolinmedigini kontrol ederek saymm bolinebilirligi hakkinda g¢ikarim
yapmiglardir. Bu oyunlastirilmis siireg, rakamlari toplama igleminin basamak degerlerinden kalanlar1 birlestirme
anlamina geldigini somutlastirmis ve 6grenciler i¢in bir sonraki agsamada Flowgorithm ortaminda kuracaklari
basamak ayirma ve toplama algoritmalarina biligsel bir temel olusturmustur.

Teknoloji Destekli Asama: Flowgorithm arayiizii tamtilmistir. Teknolojisiz asamada kesfedilen son
basamagi 0 veya 5 olan say1 5'e boliniir kurali, yazilim dilindeki Modiil (Mod)operatorii ve Eger (If) yapist
kullanilarak algoritmaya doniistliriilmiistiir.
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Tablo 2. Flowgorithm Ortaminda Gelistirilen Algoritmalarin Degerlendirme Olgiitleri

Flowgorithm Olgiitii Aciklama
Mantiksal Tutarlilik Algoritmanin kurulan matematiksel kural1 (6rn: 6 ile boliinme i¢in 2 ve 3 kontrolii) dogru bir
akisla takip etmesi.
Dogruluk Farkli say1 girigleri yapildiginda algoritmanin her seferinde dogru sonucu vermesi.
Yap1 Akis diyagraminda uygun sembollerin (giris, islem, karar) kullanilmasi ve "Mod"

operatoriiniin dogru dizimle yerlestirilmesi.

2.3.2. 2. Hafta: 4, 6, 9 ile Béliinebilme

Teknolojisiz Asama: 6 ile boliinebilme kuralinin hem 2'ye hem 3'e boliinme sart1 gerektirdigi tizerine sinif igi
tartigmalar yiuriitilmistiir. Bu siirecte Ogrenciler, iki farkli kiimenin kesisimini somut materyallerle
deneyimlemek amaciyla smif zeminine yerlestirilen farkli renklerdeki hulahoplarla bir Venn semast
olusturmuslardir. Mavi hulahop 2’ye kalansiz boliinenler, kirmizi hulahop ise 3’e kalansiz boliinenler kiimesi
olarak belirlenmistir. Ogrenciler, ellerindeki karigik sayr kartlarmi (6rn: 8, 9, 12, 15, 18) uygun halkalara
yerlestirmis; her iki halkanin iist {iste bindigi kesisim bolgesinde kalan sayilarin (12, 18 vb.) her iki kurali da
sagladig1 icin 6’ya tam boliindiiglinii fiziksel olarak gozlemlemislerdir.

Teknoloji Destekli Asama: Bu asamada Ogrencilerden birden fazla kosulu kontrol eden algoritmalar
yazmalari istenmistir. Ogrenciler, VE (AND) mantiksal operatoriinii kullanarak veya i¢ i¢e karar yapilar kurarak
6'ya boliinebilme algoritmasini tasarlamiglardir.

2.4. Verilerin Analizi

Elde edilen nitel veriler, yonlendirilmis i¢erik analizi yaklasimi kullanilarak ¢oziimlenmistir. Yonlendirilmis
igerik analizi, mevcut kuramsal ¢ergeveden tiiretilen 6n kategoriler dogrultusunda verilerin sistematik bigimde
incelenmesini ve yorumlanmasini amaclayan bir analiz yontemidir (Hsieh & Shannon, 2005). Bu dogrultuda
analiz siireci, dncelikle tiim ses kayitlarinin yazili metne doniistiiriilmesi ve saha notlarinin metinlestirilmesiyle
baglamis, boylece kapsamli bir veri dokiimii elde edilmistir. Takip eden asamada veriler, ¢aligmanin kuramsal
temelini olusturan bilgi iglemsel diisinmenin dort temel bileseni olan ayristirma, Oriintii tanima, soyutlama ve
algoritmik diistinme temalar1 g¢ergevesinde kodlanmis ve tematik olarak siniflandirilmistir. Analiz siirecinin
giivenirligini artirmak amaciyla verilerin %20°1ik béliimii alan uzman ikinci bir arastirmaci tarafindan bagimsiz
olarak kodlanmis ve kodlayicilar arasi uyum Miles ve Huberman (1994) tarafindan oOnerilen goriis birligi
formiili kullanilarak hesaplanmistir. Kodlayicilar arasi goriis birligi oraninin %92 olarak bulunmasi, analiz
stirecinin tutarliligina ve arastirmanin giivenirligine iliskin giiglii bir gésterge olarak degerlendirilmistir.

Bu ¢alismada arastirmaci 'uygulayici-aragtirmact' roliinii {istlenmistir. Arastirmacinin ayni zamanda 6gretim
stirecini yonetmesi, yanlilik riskini beraberinde getirebileceginden, bu durumu yo6netmek adimna 'yansiticilik'
prensibi uygulanmistir. Uygulama boyunca arastirmaci, kendi beklentilerini ve gozlemlerini sistematik olarak
'yansitict saha notlart' ile kayit altina almis; analiz asamasinda ise kendi 6nyargilarini askiya alarak kayitli veriye
odaklanmaya caligmistir. Ayrica, bulgularmm dogrulugunu teyit etmek amaciyla 6grenci iriinleri, goériisme
transkriptleri ve ses kayitlar1 arasinda veri ¢esitlemesi yapilmig ve elde edilen temalar alaninda uzman ikinci bir
g0z tarafindan kontrol edilerek aragtirmaci 6znelliginin sonuglar tizerindeki etkisi asgariye indirilmistir.

2.5. Arastirma Etigi

Bu arastirma, Kocaeli Universitesi Sosyal ve Beseri Bilimler Etik Kurulu’nun onay1 alinarak yiiriitiilmiistiir
(Say1: E-94094268-020-891911). Arastirma siirecinde goniillilliik, bilgilendirilmis onam, gizlilik ve mahremiyet
ilkeleri gozetilmis; tim uygulamalar etik arastirma ilkelerine uygun bigimde gerceklestirilmistir.

3. Bulgular

Tablo 3, dgrencilerin béliinebilme kurallari baglaminda yiiriitiilen etkinlik siirecinde sergiledikleri BID
performanslarii BID bilesenleri olan ayristirma, oriintii tanima, soyutlama ve algoritmik diisiinme temalar: ile
Ozetlemektedir. Her bir 6grenci igin siire¢ boyunca gozlemlenen biligsel ilerlemeler ve karsilasilan giiclikler
nitel olarak kodlanmis ve bilesen temelli bir performans profili olusturulmugtur. Tablo 3, &grencilerin
matematiksel kural kesfinden algoritma gelistirmeye uzanan siiregte nasil farklilasan biligsel yollar izlediklerini
gostermesi agisindan betimleyici bir 6zet sunmaktadir.
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Tablo 3. Ogrencilerin Béliinebilme Kurallar1 Etkinliginde Bilgi Islemsel Diisiinme Bilesenlerine Gore

Performans Profilleri

Og_rrznr;;ler/ Ayristirma Oriintii Tanima Soyutlama Algoritmik Diisiinme
* Ayrlstlrfna Ortinti - tanima Soyutlama basamaginda Flowgorithm aracinda basarili bir
01 basamaginda basamaginda :
basarili olmustur. algoritma olusturmusgtur.

basarili olmustur.  bagarili olmustur.

Ayristirma Oriintii tanima  Soyutlama basamaginda Soyutlama asama.smc}a
~~ - < : zorlanmasindan dolay1 algoritmik
02 basamaginda basamaginda genel bir kurala 7. . _ .

diistinme basamaginda bir

basarili olmustur.  basarili olmustur.  ulagamamustir. . . .

algoritma gelistirememistir.

Ayristirma Oriintii tamima  Oriintii basamagindaki  Flowgorithm’in bilesenlerini
03 basamaginda basamaginda benzer desenleri fark etmeyi  yerlestirmekte zorluklar

basarili olmustur. basarili olmustur. siirdiirmiigtiir. yasamigtir.

) Ayr1st1rzna Oriintii § tanima  Birkag soru-cevaptan sonra Flowgorithm’de  basartli  bir
04 basamaginda basamaginda soyutlama asamasinda :
algoritma olusturmustur.

bagarili olmustur.  bagsarili olmustur.  basarili olmustur.

Ayristirma Oriintii tanima Sovutlama basamaginda Algoritmanin bilesenlerine
05 basamaginda basamaginda y & hakimiyeti zayif oldugundan

basarili olmustur.

basarili olmustur.

bagarili olmustur.

dolay1 basarisiz olmustur.

Bu boliimde, arastirma siirecinde elde edilen veriler; BID'nin kuramsal gergevesini olusturan bilesenler
ekseninde, Teknolojisiz Etkinliklerde Biligsel Hazirlik ve Kesif ile Teknoloji Destekli Etkinliklerde Algoritmik
Yapilandirma olmak iizere iki baglik altinda detayli analiz edilmistir.

Teknolojisiz Siire¢: Bilissel Hazirlik

Aragtirmanin ilk evresi olan teknolojisiz etkinlikler, Ogrencilerin boliinebilme kurallarinin ardindaki
matematiksel mantig1 sezgisel olarak kavramalarini saglamistir. Bu siirecte BID nin ayristirma, oriintii tanima ve
soyutlama becerilerinin 6grencilerin zihinsel siire¢lerindeki yansimalari agagida sunulmustur.

Ayristirma: Gozlem notlarina gore; dgrenciler baslangigta ¢ok basamakli sayilari tek bir biitiin olarak algilama
egilimindeyken, etkinlikler ilerledik¢ce sayiyr kurala uygun alt bilesenlere ayirma stratejisi gelistirmiglerdir.
Ornegin, 4 ile boliinebilme etkinliginde 1.248 sayisi; 1.200 ve 48 olarak ikiye ayrilmistir. Ogrencilerin, 100 ve
katlariin 4’e tam boliindiigi bilgisini kullanarak karmagik bir sayiy1 yonetilebilir pargalara boldiikleri
gorilmiistiir. Bu siireci somutlastiran bir diyalog su sekildedir:

Arastirmaci: "73.816 sayismin 4'e boliiniip boliinmedigini nasil bu kadar hizli anladin?”

03: "Ogretmenim, sayiyr parcalayinca isim kolaylagiyor. 73 bin veya 8 yiizii ayuriyorum, onlar zaten dorde
tam béliiniir. Ben sadece sondaki 161 kontrol ediyorum."

Oriintii Tanima: Yiizliik tablolar iizerinde yapilan boyama etkinlikleri, dgrencilerin gorsel oriintiileri fark
ederek genel kurallara ulasmalarini saglamistir. Ozellikle 3 ve 9 ile béliinebilme kurallarinda Sgrenciler,
sayllarin sayisal degerleri arttikga rakamlari toplaminin sabit bir aritmetik dizide (3, 6, 9...) ilerledigini
kesfetmislerdir.

Ogrenci ¢aligma kagitlart incelendiginde; O2’nin 9’un katlarin1 boyarken olusan gapraz deseni fark ederek
kagidina su notu distiigii gorilmistir: "Hepsi 9 ediyor! 1+8=9, 2+7=9, 3+6=9. Demek ki sayi ne kadar
biiyiirse biiyiisiin, i¢indeki rakamlar: toplayinca 9 veya kati olmali." Bu bulgu, dgrencilerin tekil orneklerden
yola ¢ikarak genel matematiksel iligkileri tanimlayabildiklerini gostermektedir.

Soyutlama: Teknolojisiz asamanin temel ¢iktilarindan biri, 6grencilerin gereksiz verileri eleyerek kuralin
oziine odaklanabilmeleridir. O3’iin sayismin bas tarafim (yiizler ve binler basamag) eliyle kapatarak "Bunlar
gormezden geliyorum, sonucu degistirmiyorlar" ifadesi, problemin ¢éziimiine katkist olmayan verileri sistem
dis1 birakma (soyutlama) becerisine isaret etmektedir.

Ayrica, 6 ile boliinebilme kurali tartisiirken O5’in yaptigi agiklama, teknik terimler bilinmese dahi
matematiksel mantigin metaforlar araciligryla nasil soyutlandigini kanitlamaktadir:

05: "6 sayist hem 2'nin hem de 3'iin arkadasi. O yiizden bir sayinn 6'ya béliinmesi igin sadece ¢ift olmasi
yetmez,; tek ayakla yiiriiyemez. Aym zamanda rakamlarin toplaminin da 3'in kati olmasi lazim. Iki sarti da
saglamali."

Burada 6grenci matematiksel "VE" (logical AND) operatoriinii "arkadaslik" ve "ylirime" metaforlariyla
kavramsallastirmigtir. Bu durum, soyutlama becerisinin karmagik mantiksal yapilar1 anlamlandirmadaki etkisini
ortaya koymaktadir.
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Teknoloji Destekli Siire¢: Algoritmik Diisiinme

Caligmanin ikinci evresi olan teknoloji destekli siiregte, ogrenciler teknolojisiz asamada olusturduklar
zihinsel semalari, Flowgorithm ortaminda ¢alisan somut algoritmalara doniistiirmiiglerdir. Bu siiregte algoritmik
diisiinme becerisinin gelisimi; sirali mantik kurma, kosul yapilarini kullanma ve hata ayiklama siiregleri
ilizerinden analiz edilmistir.

Bulgular, 6grencilerin en ¢ok zorlandiklari ancak en hizli gelisim gosterdikleri alanin islem sirasini belirleme
oldugunu gostermistir. Teknolojisiz asamada kural1 bilen 6grenciler, Flowgorithm'de bunu bilgisayara kodlarken
belirli bir hiyerarsiye uymasi gerektigini fark etmiglerdir.

Ogrencilerin .fprg uzantih dosyalar1 incelendiginde; birinci hafta degisken tanimlamay: unutup dogrudan
"Eger" (If) blogu koymaya galistiklari, ancak program hata verince siralamayi diizelttikleri gdzlemlenmistir. O1,
bu deneyimini su sekilde ifade etmistir:

O1: "Kdgitta yaparken 'bu sayr 3'e béliiniir' deyip geciyordum. Ama Flowgorithm'de énce bilgisayara 'bir
sayr gir' demem gerekiyormus (Input), sonra o sayimin modunu aldirmam gerekiyormus (Process), en son da
karar vermesini (If) istemem gerekiyormugs. Bilgisayar benim aklimi okuyamiyor, ona her gseyi swrayla
soylemeliyim." Bu ifade, 6grencinin algoritmik disiinmenin temelini olusturan "Sirali islem” mantigim
kavradigin1 gostermektedir.

Ozellikle ikinci haftada uygulanan 6 ile béliinebilme kurali, grencilerin algoritmik diisiinme becerilerini bir
iist seviyeye tasimustir. Ogrenciler, teknolojisiz asamada fark ettikleri iki sartin ayn1 anda saglanmasi (Hem 2
hem de 3 ile boliinebilme) durumunu modellemek icin farkls stratejiler gelistirmislerdir.

Gozlemlenen ilk stratejide O4, algoritmasinda i¢ ice karar yapilari kullanmustir. Once "Say: 2've boliiniiyor
mu?" diye sormus, "Evet" yoluna ikinci bir soru olarak "Say: 3'e béliiniiyor mu?" blogunu eklemistir.
Gozlemlenen ikinci farkli strateji mantiksal operatdrlerde olmustur. O1 ve O3 ise daha ileri diizey bir yaklagim
sergileyerek mantiksal "VE" (AND) operatoriinii kesfetmis ve tek bir karar blogunda (Sayi % 2 == 0) && (Sayi
% 3 == 0) ifadesini yazmislardir. Bu bulgu, 6grencilerin karmagik matematiksel iligkileri dijital ortamda
modellerken alternatif ¢6ziim yollar1 ve algoritmalar {iretebildiklerini ortaya koymaktadir.

Tablo 4. Ogrencilerin Flowgorithm Kullanimi ve Béliinebilme Kurali Algoritmalarindaki Performans Farklari

Ozellikler 01 02 03 04 05
Flowgorithm  I¢ ice ge¢mis if- Temel if yapilari, Bloklarn ic ice gegmis karar En  temel  Kkarar
Kontrol else yapilari, basit kosullar sekillerine ve yapilarini ve bloklarmi ve giinliik

Yapilari mantiksal VE akigin yoniine karmasik  kontrol hayat diline yakin
operatori (Evet/Hayir oklar1) bloklarini  neden- ¢iktilart ("Evet,

bakarak mantiksal sonug iligkisi boltiniir!") tercih
yolu takip eder. kurarak eder.
yapilandirir.

Kural Yapis1  6'ya  bélinebilme Once 2'ye, sonra Kurals, bliyiilk Kuralin  "neden" Soyut kurali fiziksel
icin 2'ye VE 3'e ayn bir saymnin icinden ¢alistigimi test eden bir  eylem  veya
bolinme kosulunu algoritmada  3'e sadece ilgili kism1 ("Peki ya sayr metafor ("Say1y1
aynt anda kontrol boliinmeyi (son iki basamak tekse?") kontrol parcalayip bakmak")
eden karmagik kontrol eden basit vb.) segen bir mekanizmalar lizerinden
algoritma algoritmalar "gorsel ayiklama" olusturur. anlamlandirir.

olarak kurgular.

Sonug Algoritma Hata durumunda, Kuralin mantigmi Sistematik bir Soyut matematiksel
beklenen  sonucu o6gretmenden veya gorsel bir harita bakis acisi gelistirir  engelleri agarak,
vermediginde, bir arkadasindan iizerinde ve bir kuraldaki kavramlar somut
adim adim yardim  istemis, somutlagtirarak, mantigi (4 ile birer algoritma
ilerleyerek mantik yonlendirmeyle karmagik say1 bolinme) digerine basamagi olarak
hatasini kendi hatasim dizilerini (8 ile bolinme) igsellestirir.
bagina tespit edip diizeltebilmistir.  yonetebilir hale transfer eder.
diizeltebilmistir. gelir.

Tablo 4’e gore dgrencilerden O1 ve O2’nin Flowgorithm kullanimi ve boliinebilme kurali algoritmalarini
olusturma siireglerinde belirgin performans farkliliklar1 gézlenmistir. O1’in hem kontrol yapilarinda hem de
kural olusturma asamasinda daha karmasik ve biitiinciil algoritmalar gelistirebildigi; hata durumlarinda ise kendi
mantiksal siirecini izleyerek hatay1 bagimsiz bicimde diizeltebildigi gériilmektedir. Buna karsilik O2’nin daha
temel kosullu ifadeleri tercih ettigi, bolinebilme kurallarini ayri algoritmalar hélinde ele aldigi ve hata
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durumlarinda dis yonlendirmeye ihtiyag duydugu anlasiimaktadir. Bu bulgular, 6grenciler arasindaki algoritmik
diistinme diizeylerinin ve problem ¢6zme 6zerkliklerinin anlamli bigimde farklilastigini1 géstermektedir.

4, Tartisma ve Sonug

Bu eylem arastirmasi, BID bilesenlerini merkeze alan biitiinciil bir 6gretim modelinin (Teknolojisiz—
Teknoloji Destekli), 6. simif 6grencilerinin béliinebilme kurallarini yapilandirma siireclerine ve algoritmik
diisiinme becerilerine etkisini derinlemesine incelemeyi amaglamistir. Elde edilen bulgular, ¢alismanin kuramsal
cercevesi Ve ilgili literatiir 1s181nda tartigilmstir.

Aragtirmanin 6nemli sonuglarindan biri, teknolojisiz ve teknoloji destekli siireglerin hiyerarsik bir siralama
icinde kullanildiginda, 6grencilerin biligsel yiikiinii optimize ederek kavramsal anlamay1 derinlestirdigidir. Bu
bulgu, son yillarda biitiinciil (teknolojisiz—teknoloji destekli) 6grenme tasarimlarmin bilissel yiikii azaltarak
kavramsal iliskilendirmeyi kolaylastirdigina iligkin giincel arastirmalar1 desteklemektedir (Ke, 2022; Tang, Yin,
Lin, Hadad & Zhai, 2020).

Teknolojisiz asamanin temel c¢iktilarindan biri, 6grencilerin gereksiz verileri eleyerek kuralin &ziine
odaklanabilmeleridir (Beyazhanger, 2021; Wing, 2006). Benzer sekilde, arastirmadaki bulgular, grencilerin
kodlamaya gegmeden 6nce somut materyallerle ¢alismasinin matematiksel kavrami igsellestirmeleri igin kritik
bir zemin olusturdugunu gostermistir. Bu durum, Sweller’in (1988) Biligsel Yiik Kuramu ile agiklanabilir.
Dogrudan bilgisayar ortaminda baglatilan bir 6grenme siirecinde Ogrencilerin, matematiksel kural ile
programlama dilinin s6zdizimini eszamanl olarak 6grenmeye caligmalari, biligsel yiikii artirarak kavramsal
anlamlandirmay1 zorlastirabilir. Bu durum, o6zellikle soyut matematiksel iligkilerin heniiz yapilandirilmadigi
erken Ogrenme asamalarinda Ogrencilerin dikkatinin igerikten c¢ok teknik islemlere yo6nelmesine neden
olabilmektedir. Buna karsilik, bu ¢alismada, Bell ve Vahrenhold’un (2018) vurguladigi sekilde, teknolojisiz
etkinlikler bir bilissel filtre islevi gorerek ogrencilerin dnce matematiksel yapiyr anlamlandirmalarina olanak
tanims, ardindan teknoloji destekli ortamlarda bu yapiy1 algoritmik bigimde ifade etmeleri daha yonetilebilir
hale gelmistir. Bu bulgu, BID temelli gretim tasarimlarinda icerik 6grenimi ile ara¢ kullamminin zamansal
olarak ayristirllmasinin pedagojik agidan destekleyici olabilecegini gostermektedir. Son yillardaki ¢aligmalar da
teknolojisiz etkinliklerin 6zellikle soyut kavramlar i¢in giiclii bir kavramsal hazirlik sagladigini vurgulamaktadir
(Basu, Biswas & Kinnebrew, 2020; Weintrop vd., 2016). Ogrenciler (6zellikle O3 ve O5), teknolojik detaylara
takilmadan 6nce ayrigtirma, Oriintii tanima ve soyutlama basamaklarini kagit tizerinde tamamladiklari igin
teknoloji destekli asamaya “kavramsal olarak hazir” girmislerdir.

Ogrencilerin teknolojisiz asamada sozel olarak ifade ettikleri kurallar1 Flowgorithm ortaminda akis semasina
dontistirmeleri, Papert’in (1980) Yapilandirmacilik kuramiyla ortiisen bir 6grenme deneyimi sunmustur.
Papert’e (1980) gore en etkili 6grenme, 6grenci bilgisayara “ne yapacagini” 6grettigi zaman gerceklesir. Bu
arastirmada da 6grenciler, bilgisayara boliinebilme kuralini 6gretmeye ¢alisirken, yani algoritma kurarken, kendi
mantiksal bosluklarmi fark etmiglerdir. Bu bulgu, son yillarda gorsel programlama ortamlarinin 6grencilerin
metabiligsel farkindaliklarimi artirdigina isaret eden arastirmalarla da uyumludur (Chytas vd., 2024; Nordby,
Jessen & Misfeldt, 2024). Ozellikle hata ayiklama siireclerinde dgrencilerin 6gretmenden bagimsiz olarak kendi
hatalarmi analiz etmeleri, BID’nin sadece bir ara¢ degil, sistematik bir problem ¢ézme disiplini oldugunu
kanitlamaktadir (Brennan & Resnick, 2012).

Orta ve diisiik akademik basariya sahip dgrencilerin (02 ve O3) karmasik algoritmalari kurabilmeleri, tercih
edilen aracin pedagojik uygunlugunu dogrulamaktadir. Resnick ve digerlerinin (2009) vurguladig: diisiik giris
bariyeri ilkesi bu ¢alismada karsilik bulmustur. Giincel literatiir de Flowgorithm, Scratch, Blockly gibi gorsel
programlama araglarinin 6grencilerin biligsel yiikiini azaltigim1 ve matematiksel muhakeme siireglerini
destekledigini ortaya koymaktadir (Basu vd., 2020; Ke, 2022). Metin tabanli kodlamanin s6zdizimi zorluklar
ortadan kalktig1 igin 6grenciler biligsel yetkinliklerini i¢ ice EGER yapilari, VE operatérii gibi matematiksel
mantig1 kurmaya odaklayabilmislerdir.

Bu calismada teknolojisiz etkinliklerin 6grencilerin kavramsal hazirhigmi giiglendirdigi ve teknoloji destekli
asamaya gecisi kolaylastirdigi bulgusu, ulusal literatiirde yer alan teknolojisiz etkinlik temelli caligmalarla
kismen ortiismektedir (Mumcu, Kidiman & Ozding, 2023). S6z konusu calismalar ¢ogunlukla teknolojisiz
etkinliklerin BID becerilerine etkisine odaklanirken, teknolojisiz siiregten teknoloji destekli ortamlara gegisin
pedagojik sonuglarini dogrudan ele almamaktadir. Benzer sekilde, teknolojisiz etkinliklerin BID’in 6zellikle
algoritmik diigiinme, problem ¢6zme ve mantiksal akil yiiriitme gibi alt boyutlarin1 destekledigini ortaya koyan
calismalar da bu bulguyu desteklemektedir (Delal & Oner, 2020; Sun vd., 2021; Threekunprapa & Yasri, 2020).
Bununla birlikte, teknoloji destekli ortamlara odaklanan arastirmalar dijital araglarin algoritmik diisiinme
becerilerini gelistirebildigini, ancak gelisimin tiim alt boyutlara esit diizeyde yansimayabilecegini gostermektedir
(Aydogdu, 2020; Ramazanoglu, 2021; Zhao & Shute, 2019). Teknolojisiz ve teknoloji destekli etkinliklerin
birlikte kullanildig1 ¢alismalar ise iki yaklasimin birbirini tamamlayici bigimde BID gelisimini destekledigini
vurgulamaktadir (Munoz vd., 2020; Relkin vd., 2021; Romero vd., 2018). Bu arastirmada ise teknolojisiz asama,
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teknoloji destekli algoritmik ifade siirecini hazirlayan bir bilesen olarak ele alinmig ve iki asamali biitiinciil
yapinin 6grencilerin kavramsal anlamlandirma siireglerini destekledigi goriilmiistiir. Bu yoniiyle bulgular, ulusal
literatiirdeki teknolojisiz etkinlik odakli ¢aligmalarin kapsamini genisleterek, teknolojisiz ve teknoloji destekli
stireglerin birlikte ele alinmasmin pedagojik agidan tamamlayici bir yap1 olusturabilecegini gostermektedir. Son
donem calismalar da BID araglarmin matematik smifi etkinliklerine entegre edildiginde matematik 6grenmesini
destekleyebilecegini, ancak bunun pedagojik tasarima bagl oldugunu vurgulamaktadir (Nordby vd., 2024).
ogrencilerin kavramsal anlamayi ve problem ¢6zme siireglerini gliclendirdigi gosterilmektedir (Chytas vd.,
2024). Bu baglamda, mevcut arastirmada teknolojisiz etkinliklerle baslayan ve teknoloji destekli uygulamalarla
devam eden hiyerarsik modelin literatiirde Onerilen biitiinciil yaklagimi somut bir 6gretim dongiisii haline
getirdigi soylenebilir. Ayrica gorsel programlama temelli ortamlarin bilissel yiikii azaltarak kavramsal
odaklanmay1 destekledigine iliskin giincel aragtirmalar (Tsarava vd., 2022) dikkate alindiginda, Flowgorithm
kullanimimin 6zellikle orta ve diisiikk basar1 diizeyindeki 6grenciler i¢in pedagojik agidan islevsel bir tercih
oldugu anlagilmaktadir.

Sonug olarak, bu arastirma BID temelli matematik ogretiminin &grencileri formiil ezberleyen pasif
alicilardan, matematiksel iliskileri kesfeden ve modelleyen aktif iireticilere doniistiirdiigiinii ortaya koymustur.
Calismanin 6zgiin Katkisi, Teknolojisiz Kesif ve Teknoloji Destekli Uygulama dongiisiiniin matematiksel bir
kavramin 6gretiminde nasil islevsellestirilebilecegini somut bir modelle goéstermesidir. Teknolojisiz asama
kavramsal kesfi, teknoloji destekli asama ise sistematik insay1 temsil etmis; bu sentez, 6grencilerin 21. yiizyil
becerilerini, algoritmik diisiinme becerilerini ve matematiksel muhakeme yeteneklerini eszamanli olarak
gelistirmistir.

Teorik ve Pedagojik Katkilar

Bu ¢alisma, matematik egitimi ile BID entegrasyonuna yénelik Teknolojisiz Kesiften Teknoloji Destekli
Uygulamaya seklinde kavramsallastirilan iki asamali biitiinciil bir model sunmaktadir. Arastirmanin sundugu
Ozgiin katkilar asagida 6zetlenmistir:

Calisma, BID bilesenlerinin ayristirma, oriintii tanima, soyutlama, algoritmik diisiinme olarak sadece
bilgisayar bilimiyle sinirli olmadigini, bu bilesenlerin matematiksel kavramlarin yapilandirilmasinda temel
biligsel araglar olarak nasil islev gordiigiinii teorik diizeyde temellendirmistir. Ozellikle, teknolojisiz etkinliklerin
bilissel yiikii azaltici rolii ile teknoloji destekli etkinliklerin yapilandirici giicii arasindaki hiyerarsik iliski, BID
tabanli 6gretim tasarimlari i¢in teorik bir ger¢eve sunmaktadir.

Uygulayicilar icin soyut matematiksel kurallarin gorsel programlama araglari (Flowgorithm) aracilifiyla
nasil somutlastirilacagina dair pratik ve dongiisel bir uygulama rehberi saglanmistir. Bu model, 6grencilerin
matematiksel hatalari1 kendi baslarma hata ayiklama yoluyla diizeltmelerine imkan taniyarak, biligsel
farkindaligin matematik derslerinde nasil desteklenebilecegine dair pedagojik bir alternatif tiretmistir.

5. Oneriler

Elde edilen bulgular uygulamaya ve gelecekteki aragtirmalara yonelik bazi 6nemli dneriler sunmaktadir.
Matematik O6gretmenlerinin kodlama temelli etkinlikleri derslerine entegre ederken siireci dogrudan dijital
ortamda baglatmak yerine, 6grencilerin matematiksel yapiy1 somutlastirmalarina olanak taniyan kisa ve hedefe
yonelik bir teknolojisiz hazirlik asamasi planlamalar1 Onerilmektedir. Bu galismada &grencilerin basamak
degerlerini fiziksel materyallerle temsil etmeleri ve artanlar birlestirme etkinligiyle rakamlari toplama mantigim
kavramalari, daha sonra kurduklari algoritmalari anlamlandirmalarin1 kolaylastirmistir. Bu nedenle benzer
sekilde, 6gretmenler boliinebilme, oriintiiler veya say1 sistemleri gibi konularda 6nce somut temsil ve sinif igi
tartismalara yer verebilirler. Calismanin bulgulari, teknoloji destekli asamada kullanilan aracin niteliginin de
o6nemli oldugunu gostermektedir. Oyunlastirma diizeyi yiiksek ortamlardan ziyade, mantiksal siireci adim adim
gorsellestirmeye imkan taniyan akis semasi tabanli araglarin (6rnegin Flowgorithm) 6grencilerin dikkatini
matematiksel diigsiinme siirecine yonlendirmede daha islevsel oldugu goriilmiistiir. Bu nedenle 6gretmenlere,
ogrencilerden dogrudan kod yazmalarini beklemek yerine, Oonce matematiksel diisiinme adimlarini akis
diyagramlariyla diizenlemelerini istemeleri Onerilebilir. Ayrica bu ¢aligmada gozlemlendigi iizere, 6grenciler
matematiksel Oriintiiyli 6nce somut etkinliklerle fark ettiklerinde, dijital ortamda kurduklari algoritmalarin
yalnizca teknik bir iglem degil, matematiksel bir yapimin temsili oldugunu daha iyi kavramislardir. Bu nedenle
Ogretmenlerin dijital etkinlikleri uygulama asamasi olarak konumlandirmalari, kavramsal 6gretimi ise sinif igi
etkilesim ve materyal temelli ¢calismalarla desteklemeleri onerilmektedir. Gelecekte yapilacak arastirmalarda, bu
biitiinciil yaklagimin farkli matematik konularinda (6rnegin oran-oranti, cebirsel diigiinme, Oriintiiler ve problem
¢ozme) uygulanabilirligi incelenebilir. Ayrica farkli yas gruplart ve sinif diizeylerinde yiiriitiilecek ¢aligmalar,
modelin gelisimsel agidan hangi diizeylerde daha etkili oldugunu ortaya koyabilir. Bununla birlikte, daha genis
orneklemlerle gergeklestirilecek yart deneysel veya deneysel aragtirmalar araciligiyla modelin yalnizca akademik
basariya degil, ayn1 zamanda bilgi islemsel diisiinmenin alt boyutlarina, matematiksel muhakeme siireclerine ve
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bilissel yiik diizeylerine etkisi nicel olarak test edilebilir. Gelecek aragtirmalarda, teknolojisiz asamanin siiresi ve
yapisinin farklilastirildig: tasarimlarin karsilastirilmas: da modelin optimal uygulama kosullarinin belirlenmesine
katk: saglayabilir. Ayrica 6grencilerin algoritmik diisiinme gelisimlerinin uzun vadeli olarak izlenmesine yonelik
boylamsal galismalar, 6nerilen 6gretim modelinin kalic1 etkilerini daha kapsamli bigimde ortaya koyabilir.

Etik Beyan: Bu arastirma, Kocaeli Universitesi Sosyal ve Beseri Bilimler Etik Kurulu tarafindan onaylanmistir
(Say1: E-94094268-020-891911).

Finansman: Bu caligma igin herhangi bir fon bildirilmemistir.
Cikar beyani: Yazar herhangi bir ¢ikar ¢atigmasi beyan etmemektedir
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