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ABSTRACT
Learning to program is a challenge for many novice computing
students. This may be partially due to the inadequacy of many con-
ventional pedagogical approaches resulting in dropouts and failure,
especially among females and minoritized students. Consequently,
more effective methods to increase success rates and effectively
broaden participation are needed. We investigated the effective-
ness of a constructionist programming pedagogy with college-level
CS1 students, and how that effectiveness varies by gender. Our
quasi-experimental design includes participants from CS1 classes
at several polytechnics in Nigeria who were assigned to either ex-
perimental or control groups receiving six weeks of constructionist
instruction using Scratch and a more conventional approach. Find-
ings indicated that the constructionist cohorts had significantly
higher mean post-test scores than the conventional classes. We ob-
served no significant difference in post-test scores between genders.
However, a significant gender difference was found in gain scores
within one study where we also observed a significant relationship
between gender and academic background. Overall, our approach
demonstrated positive effects on the programming achievements
of novice programming students, emphasizing the need to consider
the role of contextual factors such as academic background and
regional disparities across gender differences.
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1 INTRODUCTION
Programming holds a central role in computing education curricula.
Extensive research has been dedicated to assessing the effective-
ness of programming education, often coupled with the common
perception that learning programming poses challenges [4, 25].
Concurrently, a notable proportion of students encounter difficul-
ties and experience failures in their initial programming course [5].
However, such outcomes align with those observed in introduc-
tory courses across diverse STEM disciplines [24, 41]. Despite this
comparative context, the drive to enhance programming learning
outcomes remains a cornerstone objective for computing educators.

Diverse programming pedagogies have been studied, revealing
positive impacts in K-12 and higher education contexts [28, 32]. Yet,
direct instruction persists as a dominant instructional approach in
programming education. Notably, the empirical substantiation of
novices effectively acquiring programming skills through a con-
structionist approach is limited [23]. Addressing this gap, this study
investigates the ramifications of a constructionist approach on
novice programming education, with an additional focus on its
implications for gender dynamics.

1.1 Research Questions
Our research is framed by the following research questions:
RQ1 What is the effect of a constructionist Scratch programming

pedagogy on college CS1 students’ achievement in program-
ming, as measured by post-test scores, after controlling for
a pre-test?

RQ2 How do post-test scores for the constructionist (Scratch)
approach vary with gender?

The following sections explore the theoretical frameworks of con-
structivism and Papertian constructionism. We then provide a lit-
erature review on Scratch in higher education CS1courses and
gender effects in courses using Scratch. Following that, we detail
our methodology, including participant demographics, data collec-
tion procedures, and analysis methods. Next, we present the study’s
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outcomes in alignment with the research questions. Subsequently,
we discuss these findings, relating them to existing literature and of-
fering recommendations for further research within the computing
education community. We also acknowledge the study’s limitations
before concluding thoughts.

2 RELATEDWORK
2.1 Theoretical Framework
The constructivist pedagogy is based on the theory that students
come to class with prior knowledge and experience which serve as
scaffolds for building new knowledge [13]. Therefore, the construc-
tivist classroom provides opportunities for students to engage with
content and to draw meaning and understanding by relating that
content to existing knowledge. Very important in the constructivist
theory is the role of previous experience (sensory and social) in
creating knowledge. However, there has not been much research
into whether a constructivist pedagogy helps to close the gender
gap in learning programming.

Constructionism is an educational theory developed by Seymour
Papert and emphasizes students’ hands-on, experiential learning
through building, creating, and sharing artefacts with peers [30, 36].
Papert noted that students should be active participants in their
own learning, constructing knowledge through their interactions
with the world around them [31]. This closely relates to construc-
tivism. [19]. Proponents of constructionism argue that it can be an
effective approach to teaching as it allows students to take owner-
ship of their learning, promotes creativity, problem-solving skills,
and a deep understanding of concepts [18, 22]. Papert believed that
technology, particularly computers, could be a powerful tool for
constructionist learning, enabling students to design and create
their own programs and simulations [31]. While Papert’s vision of
constructionist learning has always included programming, many
college programming classes utilise direct instruction. There is also
limited empirical evidence of novices learning to program follow-
ing a constructionist approach [23]. The value of this approach
could be expansive. For instance, constructivism has been tied to
metacognition [15], an area that can be beneficial to learning in
general, and in learning programming [12].

However, critics have raised concerns about the practicality and
accessibility of a constructionist approach, particularly in under-
resourced schools [2, 21]. Another concern is that constructionism
may not be suitable for all students; some may prefer to learn in
a more traditional, teacher-directed way [35]. Additionally, some
students may lack the necessary skills or resources to participate
in constructionist learning activities [46]. Some have also argued
that the emphasis on building and creating may not be suitable for
all subjects or learning objectives [21]. These concerns necessitate
studies providing empirical evidence relating to the constructionist
approach and confirming whether gender differences exist in its
impact on students [2].

2.2 Scratch in CS1
The literature on Scratch, a block-based programming environment,
largely presents a collection of studies showcasing its effectiveness

as a teaching tool. These studies consistently report positive out-
comes, emphasizing Scratch’s capacity to enhance student moti-
vation, improve performance, and nurture higher-order thinking
skills, particularly in K-12 educational settings [6, 17, 33, 42].

Moreover, Scratch has found its way into higher education, par-
ticularly CS1. Becker’s [3] survey of CS1 courses in Ireland revealed
that Scratch was employed in 8% of the courses alongside more
prevalent languages like Java, Python, JavaScript, C, and C#. This
represents a non-trivial use of Scratch in higher education and exem-
plifies its adaptability as an introductory programming tool. There
is some empirical evidence of Scratch’s positive impact in higher
education classes, For instance, Hijón-Neira et al. [16] introduced a
Scratch-based learning tool to first-year computer science students
in a Spanish university, observing significant improvements across
various programming concepts. Similarly, Cárdenas-Cobo et al.
[10, 11] observed positive outcomes of Scratch-based pedagogy on
students’ programming learning experience and performance in an
Ecuadorian college setting. Furthermore, Papadakis and Kalogian-
nakis [29] successfully introduced Computational Thinking and pro-
gramming to early childhood education at the University of Crete
through a Scratch-based introductory programming course for pre-
service kindergarten teachers, with results surpassing expectations.
While these findings underscore the versatility of Scratch in foster-
ing a constructive learning environment, there exists a noteworthy
contrast in outcomes from studies conducted in higher education.
For instance, Martinez-Valdes et al. [26] introduced Scratch to uni-
versity students majoring in gaming. However, students’ transition
from Scratch to Java yielded mixed results, highlighting the need
for a deeper examination of the effectiveness of Scratch in college-
level contexts. These studies collectively suggest that Scratch holds
promise for higher education settings but also highlight the need
for further exploration

2.3 Gender Differences in Scratch
Research on gender differences in Scratch programming has shown
significant disparities, especially given the underrepresentation of
females in the field [13, 45]. Studies by Tsan et al. [44] revealed lower
program quality among female 5th graders compared to males. Con-
versely, Tan et al. [43] found reduced gender gaps using a STEAM
approach. It has been observed that girls can prefer simpler projects,
while boys gravitate towards complexity, emphasizing loops and
more complex structures [14, 40]. Despite this, some studies have
found no gender distinctions, particularly in early childhood educa-
tion [20, 34]. Interestingly, there is a research gap in understanding
gender dynamics in college-level Scratch programming classes –
possibly due to lower prevalence – indicating a need for inclusive
strategies in this context.

3 METHODOLOGY
In order to investigate the effectiveness of a constructionist Scratch
programming pedagogy with college-level introductory program-
ming (CS1) students, we conducted a study over two academic
years with CS1 classes from public polytechnic colleges in two
north-central Nigerian states. We conducted a quasi-experimental
study using a non-equivalent control group design. Two groups
were formed: the experimental group used a constructionist Scratch
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approach, while the control group used a conventional approach
using Visual Basic. To minimize bias, we employed the Coarsened
Exact Matching (CEM) algorithm to pre-process unmatched data
as described below. Descriptive and inferential statistics were used
to analyze the matched data. Ethical approval was obtained from
the institutions, and participants provided informed consent before
data collection.

3.1 Participants
Study 1: This study involved 236 CS1 students from two federal

Polytechnic institutions in north-central Nigeria. After employing
CEM on unmatched data, the study generated 82 cases (41 in the
Experimental group and 41 in the Control group). Details are shown
in Table 1. The majority of participants (68.3%) were male. A sig-
nificant portion (58.5%) fell within the age range of 19-21. Most
participants (78% ) were at a low academic level. The academic
level was calculated from their previous O’Level exam grades in
English, Mathematics, and Physics, and their Unified Tertiary Ma-
triculation Examination scores. Notably, none of the participants
had (self-reported) experience in programming.

Study 2: This study included two groups of CS1 students (n=182)
selected from a federal and state polytechnic college situated in the
same region as Study 1. The matched data generated 84 cases (42 in
the Experimental group and 42 in the Control group). Details are
shown in Table 2. The majority of participants were male (78.6%)
with most falling within the age range of 19-21 (40.5%). In terms of
academic level, 76.2% had a low level and 23.8% had an average level.
Again, none of the participants had prior programming experience.
Both study 1 and 2 were taught by the same instructor.

3.2 Procedure
Pre-testThe participants in both studieswere given the language-

independent Introductory Programming Achievement Test (IPAT1,
rb.gy/2aft8) prior to interventions.

Constructionist Scratch approach The Experimental groups
in both studies learned programming for six weeks using the Con-
structionist Scratch approach. Students used Scratch to develop
projects of interest. The instructor provided guidance but empha-
sized student exploration and collaboration. Real-life programming
problems were given, and students worked in groups to create di-
verse projects like reciting the Nigerian national anthem, games,
and animated stories. The Scratch group did not attend lectures but
had demonstrations and lab sessions.

Conventional pedagogical approach In both control groups,
programming was taught using the conventional pedagogical ap-
proach based on the Nigerian National Board for Technical Educa-
tion (NBTE) curriculum. The focus was on teaching programming
concepts and Visual Basic language basics over six weeks. Like
the Scratch group, these students had weekly lab sessions and pro-
gramming assignments. In the labs, they developed Visual Basic
programs individually, without weekly demonstrations. In addi-
tion, control groups also attended interactive two-hour lectures and
received worked examples in class.

Post-testThe participants in both studieswere given the language-
independent Introductory Programming Achievement Test (IPAT2,
rb.gy/2aft8) after the interventions.

3.3 Data Collection and Analysis
Data collected comprised student profiles and pre/post achievement
test scores. Questionnaires and achievement tests were adminis-
tered and marked by a computing educator using a specific rubric
available at rb.gy/2aft8. Microsoft Excel and SPSS version 23 were
used for data analysis. The Coarsened Exact Matching (CEM) pro-
gram, an SPSS add-in, generated the matched experimental and con-
trol datasets. Groups were matched using the following variables:
pre-test scores, age, gender, prior academic level and programming
experience. The data were analyzed employing descriptive statistics
(mean and standard deviation), as well as inferential statistics (inde-
pendent samples t-test and ANCOVA) at a significance level of 0.05.
For more information on the CEM, power analysis and assumption
tests conducted for the ANCOVA and t-tests, please see [9, 37].

4 RESULTS
4.1 Pre-test
Pre-test results for both Study 1 and Study 2 are presented in Table 3.
Before matching, the experimental group outperformed the control
group 24.8 to 21.2 in Study 1, while the control group outperformed
the experimental group 18.7 to 13.4 in Study 2. However, after
matching, there were no longer significant differences in pre-test
achievement scores between the control and experimental groups
in both studies, indicating that the matched samples were similar.
These results suggest that any differences in post-test scores be-
tween the two groups are likely to be attributable to the treatment
and not to pre-existing differences in achievement levels.

4.2 RQ1: Effect of Pedagogy on Achievement
Research question 1 was: What is the effect of a constructionist
Scratch programming pedagogy on college CS1 students’ achievement
in programming, as measured by post-test scores, after controlling
for a pre-test?. Matched samples data from the two studies were
employed to answer this research question, the results of which are
presented below.

Study 1 Results: Descriptive statistics showed that the experi-
mental group had a higher mean (M = 49) than the control group (M
= 40) in IPAT post-test scores. The ANCOVA model revealed that
the treatment (pedagogy) had a significant effect on post-test scores
after controlling for pre-test scores (F(1, 80) = 8.159, p = .005, [2
= .094). Partial eta-squared indicated that the experimental group
accounted for 9.4% of the variance in the post-test scores. Moreover,
the adjusted R2 indicated that the model accounted for 24.8% of the
variance. The estimates revealed that the experimental group had
significantly higher post-test scores than control (𝛽 = 9.513, SE =
2.342, p = .001, 95% CI [4.834, 14.193]).

Study 2 Results: Descriptive statistics showed that the experi-
mental group had a higher mean (M = 28) than the control group
(M = 23) in IPAT post-test scores. The ANCOVA model revealed
that the experimental group had a significant effect on post-test
scores after controlling for pre-test scores (F(1, 82) = 7.396, p = .008,
[2 = .084). The partial eta-squared indicated that the experimental
group accounted for 8.4% of the variance in the post-test scores.
Moreover, the adjusted R2 indicated that the model accounted for
28.5% of the variance. The estimates revealed that the experimental
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Secondary Independent Variables

Primary Independent Variable (Treatment Variable)
Constructionist (Scratch) Class Conventional Class

N % Mean Mean N % Mean Mean
pre-test post-test pre-test post-test

Gender Male 28 68.3 22.2 48.7 28 68.3 22.3 38.9
Female 13 31.7 20.8 49 13 31.7 21.5 41.2

Age

16-18 4 9.8 27.5 54.5 4 9.8 27.5 51.5
19-21 24 58.5 21.2 46.8 24 58.5 22 36.6
22-24 12 29.3 20.5 52.2 12 29.3 20 42.8
>24 1 2.4 28 36 1 2.4 26 26

Prior Academic Level
Low 32 78 21.8 48 32 78 21.8 39.7
Average 9 22 21.6 52 9 22 23.1 39.3
High 0 0 - - 0 0 - -

Prior Program Writing None 41 100 21.8 48.9 41 100 22.1 39.6
Some 0 0 - - 0 0 - -
Total 41 100.0 21.8 48.9 41 100.0 22.1 39.6

Table 1: Demography and performance of matched samples (study1 participants: 82 students total)

Secondary Independent Variables

Primary Independent Variable (Treatment Variable)
Constructionist (Scratch) Class Conventional Class

N % Mean Mean N % Mean Mean
pre-test post-test pre-test post-test

Gender Male 33 78.6 13.3 29.4 27 64.3 16.6 22.8
Female 9 21.4 16 24.8 15 35.7 10.2 24.5

Age

16-18 6 14.3 14.3 30 6 14.3 12.5 25.7
19-21 17 40.5 13.9 29.4 17 40.5 15.4 24
22-24 17 40.5 13.1 25.5 16 38.1 12.5 21.4
>24 2 4.8 17.3 35.7 3 7.1 25 29

Prior Academic Level
Low 32 76.2 13 28.3 32 76.2 13.6 23.1
Average 10 23.8 16.6 29 10 23.8 16.4 24.6
High 0 0 - - 0 0 - -

Prior Program Writing None 41 97.6 13.4 28 41 97.6 13.4 28
Some 1 2.4 32 45 1 2.4 32 42
Total 42 100.0 13.9 28.5 42 100.0 14.3 23.4

Table 2: Demography and performance of matched samples (study2 participants: 84 students total)

Pre-test Matched sample
Study 1 Study 2 Study 1 Study 2

Cl
as
s Conventional 21.2 18.7 22 14.3

Constructionist
(Scratch) 24.8 13.4 21.8 13.9

Difference -3.6 5.2 0.3 0.4
p 0.035 <0.001 0.886 0.828

Table 3: Groups’ mean pre-test performance before and after
matching. Significant results are in bold

group had significantly higher post-test scores than the control
group (𝛽 = 5.247, SE = 1.364, p = .001, 95% CI [2.542, 7.952]).

The results of the two studies revealed that a constructionist
Scratch programming pedagogy has a significant effect on college
CS1 students’ achievements in programming, as measured by the
IPAT post-test scores, after controlling for pre-test scores. The

experimental group, which received instruction based on this peda-
gogy, outperformed the control group, which received conventional
instruction, in both studies. These findings support a hypothesis
that a constructionist Scratch programming pedagogy can result in
higher achievement for novice college-level CS1 students compared
to traditional direct instruction.

4.3 RQ2: Gender Differences in Scratch
Research question 2 was: How do post-test scores for the construc-
tionist (Scratch) approach vary with gender?.

To investigate gender differences in constructionist Scratch pro-
gramming achievements, we employed data from the two studies
(Study 1 and Study 2). Study 1 included 28 male and 13 female
participants from a federal polytechnic, while Study 2 had 33 male
and 9 female participants from a state polytechnic. An independent
samples t-test was used to compare the means of male and female
participants’ pre-test, post-test, and gain scores (post-test minus
pre-test) from each study. Table 4 presents the results of the t-tests.
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Study Variable Male Mean (SD) Female Mean (SD) t-value p-value 95% CI Cohen’s d

Study 1 Pre-test 22.2 (9.5) 20.8 (10.2) 0.444 0.660 [-5.1411, 8.0312] 0.15
Post-test 48.7 (16.1) 49.2 (16.6) -0.095 0.925 [-11.5625, 10.5295] -0.03
Gain scores 26.5 (16.5) 28.5 (14.2) -0.369 0.714 [-12.7084, 8.7853] -0.12

Study 2 Pre-test 13.3 (8.4) 16.0 (9.0) -0.844 0.404 [-9.156, 3.762] -0.32
Post-test 29.4 (8.3) 24.8 (8.8) 1.470 0.149 [-1.741, 11.034] 0.55
Gain scores 16.1 (8.0) 8.8 (7.0) 2.493 0.017 [1.389, 13.298] 0.976

Table 4: Gender Differences in Scratch Programming Achievements (t-test results)

Study 1 Results: Pre-test scores showed no significant gender
difference (p = 0.660, Cohen’s d = 0.15). The mean post-test scores
were slightly higher for females, but the difference was not signifi-
cant (p = 0.925, Cohen’s d = -0.03). Similarly, there was no significant
difference in gain scores between male and female participants (p
= 0.714, Cohen’s d = -0.12). These results suggest that gender did
not significantly impact programming achievements in Study 1.

Study 2 Results: Themean pre-test score was higher for females
than males, but the difference was not significant (p = 0.404, Co-
hen’s d = -0.32). However, a significant difference was found in gain
scores (p = 0.017, Cohen’s d = 0.976), indicating that males showed
more improvement in programming achievement compared to fe-
males. Post-test scores, conversely, exhibited no significant gender
difference (p = 0.149, Cohen’s d = 0.55).

Looking for a possible explanation for the mixed results (in the
gain scores) above, we conducted a chi-squared test of the relation-
ship between gender and academic background of students in the
Scratch classes from both studies. The chi-squared test examined
the association between gender and academic background in each
study. In Study 1, the results indicated no significant association be-
tween gender and academic background (p = 0.906), while in Study
2, a significant association was observed (p = 0.012). These findings
suggest that the distribution of academic backgrounds differs based
on gender in Study 2 but not in Study 1.

The mixed findings suggest gender-programming achievement
varies by study-specific factors. Study 1 (federal polytechnic) found
no gender differences, while Study 2 (state polytechnic) showed
differences. Study 2 had notable gender-academic background vari-
ation. One hypothesis is that the constructionist Scratch approach
may impact low-achievingmalesmore than females with higher aca-
demic backgrounds. Understanding gender/academic-instruction
dynamics is vital for programming education. Future research
should explore these factors and their impact on constructionist
Scratch pedagogies. Further, gender differences may vary, highlight-
ing the need for inclusive approaches in programming education.

5 DISCUSSION
This study examined the effect of a constructionist Scratch pro-
gramming pedagogy on college CS1 students’ achievements in
programming, and how that varies by gender.

5.1 Effects on Students’ Achievements
Our results indicate that the constructionist Scratch programming
pedagogy improved students’ programming achievement, and that
gender may have played a role in the students’ engagement with

Scratch programming and their achievements. However, more re-
search on this front is necessary. The constructivist approach is
based on the theory that students’ prior knowledge and experiences
can serve as scaffolds to build new knowledge. This study showed
that constructivist pedagogy improved students’ programming
achievement, supporting previous studies that have found similar
approaches to be effective in programming education [10, 27, 39, 47].
These results also support the hypothesis that students’ previous
experience, both sensory and social, may play an important role
in creating knowledge. Therefore, providing opportunities for stu-
dents to engage with content and to relate it to their existing knowl-
edge may be critical for effective learning. Constructionism extends
Piagetian constructivism emphasizing the need for experiential
learning, students’ free agency and collaborative learning. The re-
sult of this study confirms the possibility of improving CS1 learning
outcomes by employing a constructionist pedagogy using Scratch,
contributing empirical evidence of its positive impact [1, 30]. The
results of this study add to the existing literature that shows that
Scratch is an effective tool for teaching programming concepts,
even at the college level [7, 8, 11, 48].

5.2 Gender and Achievements in Scratch
This section explores the intricate relationship between gender
dynamics and programming achievements in the context of con-
structionist Scratch programming. Using results from Section 4.3,
we examine the influence of gender on achievement and illuminate
nuanced interactions. Our investigation reveals distinct patterns
across two independent studies. In Study 1, conducted at a federal
polytechnic in north-central Nigeria, gender differences did not
significantly impact programming achievements, aligning with the
absence of a substantial association between gender and academic
background. Conversely, Study 2, conducted at a state polytech-
nic within the same region, exhibited significant gender-related
disparities in gain scores, indicating that variations in program-
ming achievements may be attributed to gender. These contrasting
outcomes underscore the role of regionally specific and institution-
ally contextual factors in shaping gender dynamics. Such mixed
findings emphasize the complex nature of gender’s influence on
programming achievements, suggesting that the relationship is
likely context-dependent.

When comparing our findings with existing literature, we ob-
serve both aligning and contrasting patterns. Our results corre-
spondwith studies that emphasize the significance of contextual fac-
tors in shaping gender-related disparities in programming achieve-
ments [38, 48]. In contrast, this study diverges with the findings of
Tan et al. [43], who found that Scratch could potentially mitigate
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gender disparities in programming achievements. Our nuanced
findings contribute to the ongoing discourse on the contextual
nature of gender dynamics in programming education.

In conclusion, our exploration of gender dynamics within con-
structionist Scratch programming achievements underscores the
need for an inclusive and context sensitive approach. Educators
and policymakers should consider the diverse array of factors that
contribute to gender-related disparities in programming education.
By identifying and recognizing the multifaceted nature of gender
effects, the community may be able to develop targeted strategies
that promote equitable programming education and create an envi-
ronment where all students can excel, regardless of their gender.

5.3 Gaps and Further Research
There is a gap in the literature on the effectiveness of construction-
ist approaches in programming instruction for different student
populations, particularly in developing countries. Future research
could explore the long-term impact of our approach on student
programming abilities and interests. Investigations could also be
carried out to better understand the attitudes and experiences of
the participants, particularly female students, and how they may
have influenced their programming achievement.

Several open research questions arose from the analysis of this
data, which we share here for the community:

(1) What students prefer to learn programming in a construc-
tivist pedagogy?

(2) What students prefer to learn programming in a more tradi-
tional direct-instruction pedagogy?

(3) What skills and resources are required for students to effec-
tively learn in a constructivist pedagogy?

(4) What are the attitudes and experiences of female students
who learn programming within a constructionist program-
ming pedagogy?

(5) What are the effects of a constructionist programming peda-
gogy across genders in larger and more longitudinal / multi-
national contexts?

6 LIMITATIONS
This study focused only on the effect of a constructionist Scratch
programming pedagogy on college CS1 students’ achievement
in programming. Other factors that may influence programming
achievements, such as socio-economic status, prior programming
experience, and motivation, were not directly considered in this
study. This study employed a non-equivalent control group de-
sign, and the assignment of participants to the experimental and
control groups was not random which may introduce bias as fac-
tors other than the treatment may have influenced the groups’
experiences. This study employed the Coarsened Exact Matching
(CEM) algorithm to pre-process the non-quivalent data and match
the experimental and control groups. However, matching cannot
eliminate bias, and there may still be unmeasured variables that
influenced the results. Our study also has limitations due to sample
sizes. Our sample sizes are sufficient for ANCOVA analyses for
assessing treatment effects and controlling for covariates, enhanc-
ing the reliability of results within our specific context. However,

our sample sizes for t-tests, especially when examining gender dif-
ferences, are relatively small and unbalanced. This may limit the
precision of findings and the generalizability of results beyond our
study. Therefore caution should be exercised when extending these
results to broader populations or different educational contexts.
There was also a limited intervention period of six weeks in this
study, which may not be sufficient to fully assess the impact of these
pedagogies on the programming achievement of the participants.
Finally, this study used only pre- and post-tests as outcome mea-
sures, which may not fully capture the impact of the interventions
on the programming achievement of the participants. Other mea-
sures, such as long-term retention and transfer of programming
skills, were not assessed.

7 CONCLUSIONS
This study demonstrated the positive impact of a constructionist
Scratch programming pedagogy on the programming achievement
of CS1 students. Our findings support the effectiveness of con-
structivist approaches in programming education and emphasize
the importance of leveraging students’ prior knowledge and expe-
riences as scaffolds for learning. We also highlighted the role of
gender in students’ engagement with Scratch programming, sup-
porting prior research. While Scratch was shown to be an effective
tool for teaching programming concepts, further investigation is
needed to understand the underlying factors contributing to gender
differences.

Our research contributes to the existing literature on effective
programming pedagogy and the use of Scratch in CS1 program-
ming education, providing valuable insights for educators seeking
to enhance programming education and bridge the gender gap in
programming achievement. By doing so, educators can create a
more inclusive and effective programming education environment
through a hands-on, creative, and collaborative approach to teach-
ing programming. Therefore, students, regardless of their gender,
can develop essential skills for the future while also promoting gen-
der equity and diversity in the field of computer science. Embracing
this pedagogical approach has the potential to transform education
and empower students to thrive in this digital world.
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