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ARTICLE INFO ABSTRACT

Gamification based assessment practices improve student engagement, making
learning more interactive and enjoyable. This study investigates the role of Kahoot-
based gamified formative assessment on lower-order thinking skills among primary
school students in the context of mathematics learning. Randomized pretest-
posttest control group design was utilized in a true experimental design. The
population of this study contained 10 schools, with 248 students in the 5th class in
District Astore, which had internet access and an IT lab. A simple random sampling
technique was applied to select the sample. A pretest and posttest were conducted
to gather data on mathematics achievement of thinking skills. The experts validated
pretest achievement thinking skills and also ensured K-20 reliability. The core
findings of the results described that gamification-based formative assessment
plays a significant role in improving LOTs of students toward mathematics.
Besides, there was a significant difference between the experimental and control
groups' academic achievement regarding knowledge, comprehension and
application. Results from a Tukey HSD post hoc test revealed a significant
enhancement in thinking abilities from knowledge to comprehension (mean
difference = 6.25926, p < .05) and application to knowledge (mean difference =
6.66667, p < .05) levels. However, no significant difference was found between
comprehension and application levels (mean difference = .40741, p = .085),
indicating comparable effectiveness of the formative assessment at these levels.
Gamification-based formative assessment played a significant role in improving
academic achievement in terms of lower-order thinking skills and may be beneficial
in ensuring a quality teaching environment. Future studies may be conducted on
whether gamification-based formative assessment practices effectively improve
higher-order cognitive skills of students.

Keywords: Lower order thinking skills, Gamifide assessment, Learning and
Mathematics

Introduction

The incorporation of gaming elements into non-gaming environment is becoming more widely acknowledged
in considerations related to education as an effective method for enhancing student motivation, engagement,
and academic performance (Ratinho & Martins, 2023; Aparicio et al., 2019). Gamification is a method that,
when used in association with game-based learning paradigms, uses technological innovations to reward
certain behaviors and enhance educational experiences (Zainuddin et al., 2020).The Kahoot game facilitated
the obtaining of knowledge and enhancement of critical thinking abilities regarding the treatment of patients.
Kahoot-based gamification is an innovative educational learning method. According to Cadet (2023),
students and instructors agree that the Kahoot game is enjoyable and fosters engagement, interaction, and
motivation. The use of web-based education and the Kahoot game in the assessment had a beneficial impact
on the intramuscular injection skills and expertise of nursing students. The Kahoot game has shown to be a
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viable, practical, and valuable instrument for formative assessment by encouraging and supporting learning
activities. Based on the study's results, researchers suggest including the Kahoot game in the nursing
curriculum for web-based education as a formative assessment tool (Oz & Ordu, 2021). The use of the Kahoot
game has been shown to have a positive impact on student motivation, classroom dynamics, and learning
success. Previous studies have shown that students were satisfied with their involvement in the Kahoot game
and thought it was a fun experience (Al Ghawail & Yahia, 2022). Moreover, teachers may collect real-time
feedback on how accurately students responded, making quick assessment and feedback processes possible.
In addition, this feedback is essential for understanding the context more accurately. Different thinking skills
are categorized in the literature which is essential for human being to perceived actual learning.

Bloom's Taxonomy is a well-known theoretical framework in the field of education that categorizes human
cognitive processes into six hierarchical levels: knowledge, comprehension, application, analysis, synthesis,
and evaluation. The first three levels of these tiers are widely known as Lower Order Thinking Skills (LOTS),
while the subsequent three levels are referred to as Higher Order Thinking Skills (HOTS). Lower Order
Thinking Skills (LOTS) are crucial for acquiring basic or factual knowledge, whereas Higher Order Thinking
Skills (HOTS) need pupils to interpret, analyze, or manipulate information (Saido, et al., 2018; Apino &
Retnawati, 2017). Higher-order thinking skills (HOTS) have become essential elements in educational
curriculum in many countries (Yusoff & Seman, 2018; Chen, 2016), and are actively encouraged and
incorporated into classroom settings, including mathematics instruction. The development of higher-order
thinking skills (HOTS) is considered vital for nurturing the ability to think logically and critically, which is
necessary for effectively addressing daily issues. Developing high-level thinking skills leads to improved
problem-solving abilities, more self-assurance in mathematics learning, and better academic success in
complex tasks that need advanced cognitive abilities. Essentially, HOTS provides students with the
adaptability and ingenuity required to address a wide range of difficulties. Nevertheless, the focus on higher-
order thinking skills (HOTS) has led to the disregard of lower-order thinking skills (LOTS) (Tikhonova &
Kudinova, 2015). This has prompted some experts to argue that HOTS is better in terms of its application and
applicability (Jones & Idol, 2013; Kamarulzaman, Sailin, Mahmor, & Shaari, 2017).

On the other hand, some studies have emphasized the importance of lower-order thinking skills (LOTS) in
establishing a basic framework for the implementation of higher-order thinking skills (HOTS) (Assaly &
Smadi, 2015; El-Khalili & El-Ghalayini, 2014; Chiu & Mok, 2017; Razak, Sutrisno, Immawan, & Muchsin,
2018; Agarwal, 2019). Bloom and other researchers have proposed the taxonomy to be a sequential
progression: proficiency in cognitive processes at lower levels is a necessary condition for achieving
performance at higher levels. Therefore, it is argued that evaluative thinking cannot occur without the prior
acquisition of factual information, understanding the facts, being skilled at applying the facts, and having the
capacity to analyze and reassemble them (Bloom et al., 1956; Chen, 2016). Moreover, LOTS (lower-order
thinking skills) are considered fundamental and essential as they support the growth of students' cognitive
pathways, the learning of information in many fields, and the successful application of gained knowledge
(Agarwal, 2019).

The current literature extensively examines the advantages of gamification in enhancing interactive and
engaging learning methods, with a primary emphasis on its influence on higher-order cognitive skills (HOTS)
(Rodriguez et al., 2020). Lower-order thinking skills (LOTS) should not be underestimated, particularly in
fundamental topics such as mathematics. Basic cognitive skills include essential qualities such as acquiring
knowledge, understanding, and applying information, which are crucial for a student's cognitive development
(Barut & Wijaya, 2021). Development of lower-order thinking skills (LOTS) is essential for developing higher-
order skills (Kamarulzaman et al., 2017). Despite its significance, there is a study gap about the impact of
gamification on LOTS, namely in mathematics education for primary school students.

In primary school mathematics education, the development of competence in mathematics is emphasized
because of its strong connection to meeting grade-level learning goals and requirements. The abilities
mentioned serve as the foundation for understanding mathematical concepts, processes, and procedures,
supporting the development of more complex topics (Barut & Wijaya, 2021). Therefore, assessing the
influence of gamification on LOTS has significant consequences for instructional strategies focused on
achieving educational objectives. In order to learn the basics of mathematics and get a handle on the many
operations and processes involved, it is necessary to develop lower-order cognitive abilities. Students may
find it challenging to go on to more complex mathematical subjects if they need to understand these basic
concepts fully. The development of lower-order cognitive abilities is often given more weight in the primary
school mathematics curriculum. It is because these skills are closely related to the learning goals and
requirements for the grade. In order to get significant insights into how well instructional techniques satisfy
curricular objectives, it is essential to investigate the effects of gamification on lower-order abilities. Primary
school students in District Astore Gilgit Baltistan had their low-order thinking skills tested in this study to see
if Kahoor -based formative assessment affected their lower-order thinking skills.

Rationale of the Study
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The extensive weightage has been given in the mathematics curriculum from primary to secondary which
shows its importance in this era. The students’ performance is poor both internal and external test, despite
the importance has been given to mathematics subject but its results are disheartened (Maruta et al., 2022).
This problem is caused by a number of things, such as students' lack of interest and discipline, big class
numbers, stress from traditional assessment practices, and inadequate basic knowledge (Mogege & Egara,
2022; Nzeadibe et al., 2019; Okeke et al., 2023). Moreover, students frequently encounter difficulties in
retaining mathematical concepts and maintaining engagement, exacerbating the overarching challenge
(Nzeadibe et al., 2020; Osakwe et al., 2023). Traditional formative assessment methods sometimes fail to
successfully achieve student outcomes, resulting in a decline in thinking skills and restricting their ability for
innovative thinking. In addition, traditional formative assessment practices in mathematics have been
associated with student discomfort, anxiety, and a lack of engagement (Wood et al., 2013). This discomfort
often inhibits the development of students' lower-order thinking skills, hindering their ability to grasp
fundamental mathematical concepts (Kristiana & Suyanto, 2013). Many students dislike the mathematics
subject taught in the classroom (Boaler, 2014). Previous research studies conducted in developing countries
(Al-Hosni et al., 2023; AlJuraywi, 2019; Alfulaih, 2018; Alabbasi, 2018) have investigated the use of
gamification in educational settings, particularly its effectiveness in enhancing learning and teaching
methods, as well as its impact on the acquisition of scientific concepts, academic achievement, and student
motivation. While some studies have explored the benefits of gamification in improving students'
understanding and motivation in mathematics (Chang et al., 2015; Khalid et al., 2019), there remains a gap in
understanding how Kahoot based gamified assessment practices influences lower-order thinking skills
(Knowledge , Comprehension and Application) in primary school students. Therefore, this study aims to
investigate the effect of gamification-based formative assessment on primary school students' lower-order
thinking skills in mathematics learning, aiming to contribute to the advancement of educational practices in
this domain.

Literature Review

Kahoot Based Gamification

Among the many game-based apps used in educational settings, Kahoot is a well-known example of
educational technology. In order to increase student engagement, this platform uses gamification, which
turns traditional classroom dynamics into interactive quiz-style experiences (Boden & Hart, 2018). Teachers
use Kahoot to foster students' curiosity and passion for learning the English language, which helps them
understand sometimes complex and tedious material (Pahamzah et al., 2022). Kahoot is a platform that
offers gamification-based learning features for educational purposes, suitable for students from elementary to
tertiary levels. Kahoot's accessibility as a free platform provides educators a simple way to conduct quizzes
and exams, removing the need for conventional oral delivery techniques in classrooms (Kaur & Naderajan,
2020). Gamification may be used to learn using a specific platform, such as Kahoot. It is an assessment tool
that is considered an effective and engaging learning tool for students. Kahoot is an educational approach
that integrates gamification features to enhance student performance (Wirani et al., 2022). Studies have
shown that including it in vocabulary teaching improves students' understanding of words, leading to better
comprehension, retention, and interest in learning new vocabulary (Surayya et al., 2023).

Lower Order Thinking Skills

Benjamin Bloom presented Bloom's taxonomy in 1956, establishing stages of thinking that are now
fundamental to education. David Krathwohl revised a fundamental structure known as the "Original
Taxonomy" in 2002, creating what is now called the "Revised Taxonomy." This study utilized the Original
Taxonomy, which consists of six categories in the Cognitive Domain. The first three categories, knowledge,
comprehension, and application, are considered lower-order thinking skills (LOTS). In comparison, the
remaining three categories, analysis, synthesis, and evaluation, are classified as higher-order thinking skills
(HOTS). Researchers and teachers widely recognize the significance of both levels of thinking for the
development of students. However, educational institutions of items (LOTS) play a crucial and essential
function in enabling the development of fundamental cognitive processes, the gaining of information in many
fields, and its efficient use. Mastery of fundamental cognitive abilities is necessary before advancing to the
higher-order thinking skills (HOTS) level, where students conduct comparative analysis and create creative
material based on their knowledge. Higher-order thinking skills (HOTS) are essential because they encourage
advancements in education and the development of answers to current difficulties by using new ideas within
established structures. There is a common view that there is a significant relationship between lower-order
thinking skills (LOTS) and higher-order thinking skills (HOTS), indicating that being skilled in fundamental
cognitive processes is necessary before being able to use higher-order thinking skills in learning effectively
(Kamarulzaman et al., 2017; Barut, & Wijaya, 2021).

Kahoot Based Gamification and Lower Order Thinking Skills
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Technological integration in education is popular at all levels of schooling and is especially useful in
mathematics instruction. Abidin, Mathrani, and Hunter (2017) suggest that technology is crucial in changing
the methods of mathematics instruction. Integrating technology into math education is important because it
helps students better understand and study arithmetic, especially because many find the subject challenging.
Furthermore, using digital technologies and successful teaching methods can develop a range of abilities, as
Viberg, Gronlund, and Andersson (2020) emphasized. Using technology in teaching primary school
mathematics somewhat improves pupils' achievement.

Kahoot is an educational application that enables instructors to develop gamified assessments to strengthen
educational material and enhance the teaching-learning process (Cortés-Pérez et al., 2023). Educational
technology benefits emotional and motivational aspects of cognitive efficiency and may be essential in
gamified learning vocabulary (Salimei et al., 2022). Participants participating more often in Kahoot-based
gaming activities tend to get higher test results. Kahoot-based gaming positively affects students' academic
performance and their perspective on the learning process (Toth et al., 2019). Integrating Kahoot as a game
review in the classroom enhances students' understanding of vocabulary and course ideas and provides
immediate feedback (Baszuk & Heath, 2020).

There is a growing awareness that incorporating Kahoot-based gamification into mathematics teaching might
influence pupils' basic cognitive abilities. There are several benefits to integrating online gaming platforms
into mathematics education, one of which is that it makes learning new mathematical ideas easier. Many
online Game-Based Learning (GBL) programs are excellent in teaching young students, especially in subjects
like geometric understanding of 2D and 3D forms (Hidayat et al., 2024). Students are particularly happy with
the Kahoot game, which is helpful and engaging in improving the learning process (Balaskas et al., 2023).

The educational content that is currently available highlights the benefits of gamification in terms of
increasing motivation and engagement, but further research is necessary to determine how it affects the
development of lower order thinking skills. Further studies have to focus on describing how Kahoot-based
gamification impacts the growth of mathematical lower-order thinking abilities, as this can provide important
information for improving teaching strategies and achieving better learning results.

Theoretical Background

The major theoretical framework used in this study is Bloom's Revised Taxonomy of Educational Objectives,
which organizes knowledge acquisition processes into levels of complexity, recognizing LOTS, including
remembering, understanding and applying. These skills can be useful in getting basic knowledge in courses
such as mathematics at the primary level (Anderson & Krathwohl, 2001). In turn, the present use of fun
applications like Kahoot facilitates such interrelated cognitive processes by offering appealing formats that
allow constant repetition, which in turn guarantees better retention and understanding of the content (Plump
& LaRosa, 2017). Kahoot's active elements correspond to gamification theory, according to which motivation
should be integrated into the process to increase students' interest (Deterding et al., 2011). A the same way
gamers get engaged to get more points to be ranked high on the leaderboards, Kahoot promotes an
environment that ensures students get engaged to respond with correct answers to help them grasp what has
been taught to them, especially in Mathematics (Wang & Tahir, 2020).

Besides, this framework is rooted in Constructivist Theory, which establishes that learning takes place when
learners activate prior information to create new information (Piaget, 1971; Vygotsky, 1978). Kahoot offers
the student a way to engage their knowledge in order to apply it practically without pressure to improve their
knowledge. The literature review also shows that gamification with assessments increases consciousness,
hence increasing knowledge retention, specifically lower-order thinking skills (Licorish et al., 2018).
According to Wang and Tahir (2020), a study shows that the pedagogy of the use of Kahoot enhances
students' achievements and engagement because of its knowledge recall and comprehension, which falls
under Bloom's Taxonomy. Extension of this framework using Self-Determination Theory (Deci & Ryan, 1985)
helps in understanding Kahoot's ability to fulfill the intrinsic needs for competency, autonomy and
relatedness among learners, making it easier for students to focus and master basic skills through practice in
an enjoyable manner (Ryan & Deci, 2000). Specifically, this theoretical framework enables the use of Bloom's
Revised Taxonomy, gamification principles, and elements of constructivist learning to explore the place of
Kahoot in boosting lower-order thinking skills in achievement in primary-level mathematics.

Digital games like Kahoot provide pleasure to users, increase engagement, and reward accomplishment,
ultimately improving learning experiences. Kahoot has positively enhanced language skills and attitudes in
preservice teachers (Lashari et al., 2023). Kahoot based gamification improves students' mental health and
thinking skills by using gamification in assessments, outperforming the effectiveness of traditional exams.
Students in traditional educational settings often feel anxious and stressed when they cannot provide the
correct answers during lessons, especially due to ethical and moral expectations from their classmates. This
emotional weight may negatively impact lower-order thinking skills and impede academic achievement.
Kahoot-based gamification solves this problem by offering immediate corrective feedback and tracking
student progress in real-time. Kahoot pushes students to actively engage and strive for success by providing
scores, badges, leaderboards, and challenges in a competitive and dynamic learning environment. Kahoot's
game-based formative assessment allows instructors to easily monitor student progress, identifying strengths
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and weaknesses in ability and enabling personalized instruction suited to specific student requirements.
Kahoot-based gamification has significant potential to transform instruction by promoting engagement,
reducing stress, and offering prompt feedback.

Conceptual Framework of the Study

Attitude toward game Students

Extraneous variable

Figure 1 Conceptual Framework of the Study

The major purpose of this study was to investigate the effect of gamification-based formative assessment
practices of student lower order thinking skills in terms of mathematics learning. In this study the variables,
such as gamification-based and traditional-based formative assessment practices, are independent variables.
In contrast, student lower order thinking skills toward mathematics learning (Knowledge, Comprehension
and Application) are dependent variables. The conceptual framework of this study is the relationship between
the independent variables (Gamification based formative assessment practices through Kahoot and
traditional-based formative assessment) and dependent variables, students ‘lower order thinking skills. How
gamification-based formative assessment practices and traditional-based assessment practices may affect
students’ lower order thinking skills in mathematics subjects. Students’ boredom, fatigue, excitement, and
emotional intelligence may be played a role as intervening in this study.

The same formative assessment practices teachers competence and modules are treated as control variables
for both groups. The student’s attitude toward game may be regarded as extraneous variables. Sound
research design may enable the researchers to neutralize their influence (Best & Kahn, 2006). Data collector
characteristics might effect on the academic achievement and motivation. This can be control by same data
collectors for both groups. Teacher characteristics are likely to affect post treatment scores. Because different
teachers teach the methods, they may differ. This was controlled by same teachers teach to both groups.

Objectives

The two objectives of the study are developed which are as under:
o To assess the role of Kahoot-Based Gamified Assessment on students' lower-order thinking skills.
e To compare the influence of Kahoot-Based Gamified Assessment on different levels of thinking skills.

Hypotheses
Null Hypothesis (Ho,): Students who taught mathematics through Kahoot-Based Gamified Assessment have

no significant difference in academic achievement regarding lower-order thinking skills from those who do
not participate.



10998 Ali M. Lubna et.al et.al / Kuey, 30(4 ), 8987

Alternative Hypothesis (H,): Students who taught mathematics through Kahoot-Based Gamified Assessment
have significantly higher academic achievement in terms of lower-order thinking skills than those who do not
participate.

Null hypothesis (Ho.): There is no significant difference in the role of Kahoot-Based Gamified Assessment on
different levels of thinking skills (knowledge, comprehension, and application).

Alternate hypothesis (H,): There is a significant difference in the role of Kahoot-Based Gamified Assessment
on different levels of thinking skills (knowledge, comprehension, and application).

Methodology

Research Design and Procedure

The study utilized a true experimental research design with a pretest-posttest approach to evaluate the
impact of Kahoot-Based Gamified Assessment on lower-order thinking skills in primary school mathematics
achievement. This design is particularly effective for establishing causal relationships between the
independent variable (Kahoot-based assessment) and the dependent variable (students' lower-order thinking
skills) while controlling for external factors (Creswell & Creswell, 2017). The pretest measures the students'
baseline skills before the intervention, and the posttest assesses any changes in performance attributable to
the intervention, thereby enabling a comparison of results and enhancing the validity of the findings
(Campbell & Stanley, 2015).

Population and Sample

The population included 248 fifth-grade children from 10 government schools in District Astore, all with
internet connection and IT laboratories. Boys High School Gorikote was chosen for the study using a random
sampling technique. Fifty-four sth-grade students from this school were chosen and separated into two
groups depending on their pretest results. For experimental and causal-comparative investigations,
researchers’ recommend a minimum of 30 participants in each group. Under some circumstances,
experimental investigations involving only 15 individuals in each group might be acceptable, provided they
are conducted with rigorous control. However, it is advisable to carry out studies conducted with only 15
people in each group in order to derive meaningful findings (Fraenkel & Wallen, 1990). The chosen sample
size of 27 students for both the Experimental and control in accordance with the suggested norms set by
researchers such as Cohen et al. (2000), and Best (2006) for experimental investigations. Students with the
same scores were matched to ensure fairness and unpredictability in group creation, and groups were chosen
randomly from these pairs.

Intervention

—{ Experimental Group I

—{ Pretest 24 MCQs (LOTSs) |

8 Weeks Teaching ( Gamification based Formative
Assessment )

L -

Posttest 24 MCqs (LOTSs)

Figure 2: Intervention

The true experiment was conducted from 20th October to 28th December 2023 due to closing sessions in
Astore Gilgit-Baltistan schools, and the study period for delivering lessons lasted for eight weeks. Twenty (25)
lessons were prepared from the single national curriculum of mathematics grade 5 by a supervisor, experts,
and subject specialists to ensure the lesson's quality. The experimental and control group researcher adapted
lesson plans comprising 25 lessons from Pakistan's national curriculum for sth-grade mathematics. Expert
and subject teachers validated the lesson plans. The experimental and control groups took a pretest utilizing
an achievement test based on the sth-grade mathematics curriculum. Formative assessment methods were
used throughout the instruction session. The experimental group used Kahoot's gamification-based platform,
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whereas the control group took traditional-based paper-pencil quizzes. Both students received feedback and
monitored their learning, but the experimental group got gamification-based feedback via Kahoot. After
completion of the 25 lectures, a posttest was given to both groups.

Instruments

Mathematics Achievement Thinking Skills Test

The pretest and Posttest mathematics achievement thinking skills used to assess students' thinking skills
toward mathematics learning in both the experimental and control groups. The test contained 24 MCQs
covering lower-order thinking skills. The test was developed from the Single National Curriculum textbook
for 5th-grade mathematics to address cognitive skills such as knowledge 50% weightage, comprehension 25%
weightage, and application 25% weightage. The pretest and posttest were carefully designed to assess the
student's knowledge, comprehension, and application in cognitive domains. They assessed their mathematics
thinking skills thoroughly before and after the intervention.

Validation of Mathematics Lower Order Thinking Skills Test
Table 1: Validation of Mathematics Lower Order Thinking Skills Achievement Pretest

S.NO Statements Content Validate Index
Aligned Partially Non-
Aligned Aligned
1 The test items are made appropriately from modules. 05 0
2 The question items measure the lower-order thinking skills of 03 2
students in mathematics subjects in 5th grade.
3 The achievement test is based on a table of specifications. 05 0
4 The stems of multiple-choice questions give complete sense 05 0
and meaning.
5 Test items are according to the 5th-grade level. 05 0
6 The distractors of MCQs are attractive. 04 1
7 A sufficient time is fixed for the students to attempt the test. 04 o1

The table 1 showed that the content validation index (CVI) of the mathematics achievement test of lower-
order thinking skills was ensured. Five experts contained two subject specialists, one Assistant Professor in
AIOU Islamabad, Pakistan, in the Education department, and two elementary school teachers who taught
mathematics subjects in 5th Grade in public schools, for validation of mathematics achievement test that
developed from the four units of mathematics subject of Single National Curriculum of Pakistan. The
mathematics achievement test contained 24 items of MCQs. A module of mathematics subjects and a table of
specifications were given to experts to validate the mathematics achievement test appropriately and maintain
its quality in the test. The scale contained eight questions: three, Point Likert Scale 1 for Aligned, 2 for
Partially aligned, and 3 for Non-aligned for the validation of mathematics achievement test. 04 experts were
marked in the aligned option, but in items number 2, 6 and 7, some feedback and suggestions by the 03
experts were also marked in the partially aligned option. The achievement test tool was incorporated as per
suggestions given by the experts. The researcher calculated the items-wise content validate index (I-CVI) and
scale-wise validate index (S-CVI) through MS Excel. All the item numbers were calculated using the (I-CVI) 1.
The scale-wise content validation index was calculated: 1. Hence, the calculated values of scale and item-wise
content validation index are higher than the proposed value of 0.83.

Validity of Mathematics Lesson Plans

The Mathematics module developed by the KPK government of Pakistan for sth-grade students was
accurately made to enhance the quality of the teaching-learning process. This module underwent a rigorous
validation process to ensure its validity and accuracy. Six experts, comprising two subject specialists, two
elementary school teachers experienced in teaching s5th-grade mathematics, and two PhD Education
Assistant Professors from AIOU Islamabad, Pakistan, were involved in the validation process. The researcher
devised a Content Validation Index (CVI) consisting of 12 items to assess the lesson plan quality. This index
aimed to gauge whether the lessons included in the module met the requisite quality standards. The feedback
provided by the subject specialists was utilized to refine and finalize the module, ensuring its alignment with
the established quality criteria. Subsequently, the module was evaluated by the subject specialists, an
elementary school teacher specializing in 5th-grade mathematics, and a PhD Assistant Professor in
Education. The assessment revealed that all 12 items in the CVI were appropriately addressed, with each item
receiving a perfect score of 1.

The overall Validated Content Index (S-CVI) calculated using Microsoft Excel, yielded 1. According to the
criteria established by Polit & Beck (2006) and Polit, Beck, and Owen (2007), an acceptable CVI value should
be at least 0.83 when validated by a panel of six or more experts. Given that the calculated CVI value for the
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mathematics module surpassed this threshold, it can be concluded that the module meets the criteria for
good quality as prescribed by the experts.

Data Analysis

Various techniques are available for assessing the normality of continuous data. Some often used methods
include the Shapiro-Wilk test, Kolmogorov-Smirnov test, skewness, kurtosis, histogram, box plot, P-P plot,
Q-Q plot, and mean with standard deviation. The Kolmogorov-Smirnov test and the Shapiro-Wilk test are
often used for assessing normality. Normality testing is crucial for continuous data as it directly impacts
judgments related to measures of central tendency, dispersion, and the choice between parametric or
nonparametric tests. The technique usually used for assessing normality in small sample sizes is The
Shapiro—Wilk test (Mishra et al., 2019).

Table 2: Normality Test of Students Lower Order Thinking Skills before Intervention
Shapiro-Wilk Test

Group N Statistic Df Sig.
Experimental 27 .036 27 .098
Control 27 .940 27 .120

The table 2 presents the results of a normality test conducted using the Shapiro-Wilk test to assess the
distribution of students' lower-order thinking skills scores before intervention. The participants were divided
into two groups: Experimental and Control. For the Experimental group, comprising 27 participants, the
Shapiro-Wilk statistic was calculated as .936 with 277 degrees of freedom, yielding a p-value of .098. Similarly,
for the Control group, which also consisted of 27 participants, the Shapiro-Wilk statistic was .940 with 27
degrees of freedom, resulting in a p-value of .120.

Interpreting these results reveals that for both the Experimental and Control groups, the p-values obtained
from the Shapiro-Wilk test are greater than the conventional significance level of .05. Consequently, neither
group's null hypothesis of normality is rejected. Hence, it indicates that the distribution of lower-order
thinking skills scores before intervention in both groups does not significantly depart from a normal
distribution. Therefore, assumptions related to normality for subsequent statistical analyses can be
sufficiently met, providing a foundation for further investigation into the effects of the intervention on
students' cognitive skills. The normality of data before intervention is displayed in the histogram.
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Table 3: Normality Test of Students Lower Order Thinking Skills After Intervention
Shapiro-Wilk Test

Group N Statistic Df Sig.
Experimental 27 .053 27 .249
Control 27 .038 27 .108

Table 3 displays the results of a Shapiro-Wilk test to evaluate the normality of students' lower-order thinking
skills following an intervention. The participants were divided into two groups: Experimental and Control.
For the Experimental group, consisting of 27 individuals, the Shapiro-Wilk statistic was .953 with 27 degrees
of freedom, resulting in a p-value of .249. Similarly, in the Control group, which also included 27 participants,
the Shapiro-Wilk statistic was .938 with 27 degrees of freedom, yielding a p-value of .108. Upon analysis, it is
evident that for both the Experimental and Control groups, the p-values obtained from the Shapiro-Wilk test
exceed the conventional significance level of .05. Consequently, the null hypothesis of normality cannot be
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rejected for either group. Hence, it implies that the distribution of lower-order thinking skills scores after the
intervention does not significantly deviate from a normal distribution in both groups. Thus, these findings
suggest that normality-related assumptions for subsequent statistical analyses are met. This information lays
the groundwork for further exploration into the efficacy of the intervention on students' cognitive abilities.
The normality of data after intervention is displayed in the histogram.
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Table 4: Lower Order Thinking Skills of Students Before Intervention
Group N Mean Std. T P Cohen’s d
Deviation
Experimental 27 11.7037 1.38160 .467 .642 0.12
Control 27  11.5185 1.52846

Table 4 presents students' lower-order thinking skills before the intervention, categorized into Experimental
and Control groups.

In the Experimental group of 27 participants, the mean lower-order thinking score was 11.7037, with a
standard deviation of 1.38160. The T-value associated with this group is .467, while the corresponding p-
value is .642. Cohen’s d, a measure of effect size, was also calculated to be 0.12 for this group. For the control
group, which comprised 27 participants, the mean lower-order thinking skills score was slightly lower at
11.5185, with a slightly higher standard deviation of 1.52846. However, the table does not provide the specific
T-value and p-value for this group.

Interpreting these data indicates that before the intervention, the Experimental and Control groups had
comparable mean scores regarding lower-order thinking abilities, with slight variations in standard deviation.
The T-value and associated p-value suggest no significant difference between the two groups regarding lower-
order thinking abilities before the intervention. Cohen’s d value of 0.12 indicates a small effect size for the
difference between the Experimental and Control groups in terms of lower-order thinking abilities before the
intervention.

Table 5: Lower Order Thinking abilities of students After Intervention

Group N Mean Std. T P Cohen’s d
Deviation

Experimental 27  21.5185 1.60217 18.369 .000 4.9

Control 27 13.2593 1.70051

Table 5 outlines students' lower-order thinking skills after the intervention, which are categorized into
experimental and control groups.

The mean lower-order thinking score in the Experimental group, comprising 27 participants, significantly
increased to 21.5185, with a standard deviation of 1.60217. The T-value associated with this group is notably
high at 18.369, and the corresponding p-value is .000, indicating a highly significant difference. Furthermore,
the effect size, measured by Cohen’s d, is substantial at 4.9 for this group.

For the control group, which also consisted of 27 participants, the mean lower-order thinking score rose to
13.2593, with a standard deviation of 1.70051. Interpreting these findings demonstrates a significant
improvement in lower-order thinking abilities for the Experimental group after the intervention. The
considerably high T-value and associated p-value of .000 indicate a substantial difference compared to pre-
intervention scores. Moreover, the large effect size, represented by Cohen’s d of 4.9, underscores the
magnitude of this improvement. Conversely, the Control group also showed an increase in mean lower-order
thinking scores post-intervention, albeit to a lesser extent than the Experimental group. However, with
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specific T-value and p-value details for the Control group, the significance of this change can be determined
from the provided data.

Table 6
ANOVA

Comparison the Influence of Gamification-based Formative Assessment of Different Levels of
Thinking Skills

Sum of

Squares Df Mean Square F Sig.
Between Groups 754.099 2 377.049 784.650 .000
Within Groups 37.481 78 481
Total 791.580 80

The analysis of variance (ANOVA) was conducted to compare the influence of Gamification-based Formative
Assessment on different levels of thinking skills. The results of the table 6 revealed a significant difference
between the groups (F(2, 78) = 784.650, p < .001). The between-groups analysis demonstrated a substantial
variability (SS = 754.099, MS = 377.049), indicating diverse impacts across varying levels of thinking skills.
This suggests that implementing Gamification-based Formative Assessment has a discernible effect on
different cognitive processes.

Table 7: Post Hoc
Multiple Comparisons

Tukey HSD Post Hoc Test On Comparison The Influence Of Gamification-Based Formative
Assessment On Different Levels Of Thinking Skills

95% Confidence

Mean Interval
Difference Lower Upper
(I) Levels Thinking  (J) Levels Thinking  (I-J) Std. Error Sig. Bound Bound
Knowledge Comprehension 6.25926°  .18867 .000 5.8085 6.7100
Application 6.66667°  .18867 .000 6.2159 7.1174
Comprehension Application .40741 .18867 .085 -.0434 .8582

*. The mean difference is significant at the 0.05 level.

The provided data presents the results of a Tukey Honestly Significant Difference (HSD) post hoc test
conducted to compare the influence of gamification-based formative assessment on different levels of
thinking abilities: knowledge, comprehension, and application.

The mean difference between knowledge and comprehension levels is 6.25926, with a standard error of
.18867. This difference is statistically significant (p < .05), indicating that the gamification-based formative
assessment significantly enhances thinking abilities from knowledge to comprehension levels. The 95%
confidence interval for this difference ranges from 5.8085 to 6.7100, further confirming the significance of
this finding.

Similarly, the mean difference between knowledge and application levels is 6.66667, with a standard error of
.18867. This difference is also statistically significant (p < .05), demonstrating that the formative assessment
significantly improves thinking abilities from knowledge to application levels. The 95% confidence interval
for this difference ranges from 6.2159 to 7.1174, further supporting the statistical significance of this result.
However, the mean difference between comprehension and application levels is .40741, with a standard error
of .18867. This difference is insignificant at the .05 level (p = .085). Although there is a numerical difference
between comprehension and application levels, it is not statistically significant, suggesting that the
effectiveness of the formative assessment may not differ significantly between these two levels of thinking
abilities. The results indicate that the gamification-based formative assessment significantly enhances
thinking abilities from knowledge to comprehension and application levels. However, no significant
difference was observed between comprehension and application levels in terms of the effectiveness of the
formative assessment.

Discussion

This study highlights a significant improvement in lower-order thinking skills following the intervention,
particularly within the experimental group. Initially, both experimental and control groups displayed
comparable mean scores, indicating similar baseline levels of lower-order thinking abilities. However, post-
intervention, the experimental group demonstrated a significant increase in mean scores, accompanied by a
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notable effect size (Cohen's d = 4.9). The intervention enhancing students' lower-order thinking skills.
Kahyaoglu Erdogmus and Kurt (2023) described that students reported enhancements in the learning
process due to game-based learning initiatives. In gamification applications, competitive gaming emerges as
the most impactful mechanism for enhancing students' cognitive skills and motivation (Zhan et al., 2022).
Conversely, when games are utilized as teaching aids or student projects, their effects predominantly
manifest in academic achievement. Elbyaly and Elfeky (2023) conducted a study that revealed that
participants in the experimental group, engaged in instructional gaming applications, demonstrated superior
performance compared to their counterparts in the control group, who underwent conventional learning
methods in various facets of creative thinking, including total score, fluency, flexibility, and originality.

The ANOVA results indicate a significant difference in the influence of gamification-based formative
assessment on different levels of thinking abilities (knowledge, comprehension, and application).
Implementing this pedagogical approach has a discernible effect on enhancing cognitive processes. The
substantial variability observed between groups further reinforces the notion that gamification-based
formative assessment impacts different levels of thinking skills differently. The subsequent Tukey HSD post
hoc test provides further insight into the specific nature of these differences. The significant mean differences
between knowledge and comprehension levels and between knowledge and application levels highlight the
effectiveness of gamification-based formative assessment in improving thinking abilities from lower-order to
higher-order thinking skills. These findings underscore the potential of gamification as a valuable tool for
promoting deeper learning and critical thinking among students.

However, the non-significant mean difference between comprehension and application levels suggests that
the effectiveness of the formative assessment may be similar between these two levels of thinking abilities.
While there is a numerical difference, it may need to be more substantial to reach statistical significance. This
finding prompts further investigation into the specific factors influencing the effectiveness of gamification-
based formative assessment across different cognitive processes. It’s essential to acknowledge the study's
limitations, such as the particular context in which the research was conducted, the characteristics of the
participants, and the measures used to assess thinking abilities. Additionally, future research could explore
the long-term effects of gamification-based formative assessment on learning outcomes and examine
potential moderating variables that may influence its effectiveness. The findings provide valuable insights
into the potential of gamification-based formative assessment as an effective educational intervention for
promoting cognitive thinking skills. By understanding how this pedagogical approach influences different
levels of thinking abilities, educators can better design instructional strategies to enhance student learning
and engagement in diverse educational settings. According to Korkmaz and Oztiirk (2020), integrating
educational games into social studies education yields substantial enhancements in students' cooperative
learning skills compared to traditional instructional methods. Additionally, using educational games in social
studies education significantly enhances students' academic achievement in the subject matter compared to
conventional teaching approaches. Wu, Tien, Hsu, & Wen (2021) proposed a study that offers theoretical and
practical insights by integrating gamification into Information Systems (IS) learning. They advocate for
gamification as a potent strategy to augment students' knowledge acquisition in a compelling, timely, cost-
effective, and iterative manner. Nurtanto et al. (2021) elucidate that gamification influences student conduct
and academic achievements across affective, cognitive, behavioral, and performance domains.

Implications and Conclusion

It is concluded that gamification-based formative assessment plays a significant role in improving LOTs of
students toward mathematics learning particularly primary level. The results of the ANOVA and Tukey HSD
post hoc test indicate that gamification-based formative assessment significantly influences different levels of
thinking abilities, including knowledge, comprehension, and application. The ANOVA analysis revealed a
significant difference between the groups, suggesting that implementing gamification-based formative
assessment leads to diverse impacts across varying levels of thinking skills. Specifically, the post hoc
comparisons revealed statistically significant mean differences between knowledge, comprehension, and
application levels. These findings suggest that gamification-based formative assessment effectively enhances
thinking abilities from lower-order to higher-order cognitive processes. It highlights the potential of
gamification as a powerful educational tool for promoting deeper learning and thinking skills among
students. However, the comparison between comprehension and application levels did not yield a statistically
significant mean difference, indicating that the effectiveness of the formative assessment may not vary
significantly between these two levels of thinking abilities. While there may be a numerical difference, it may
not be substantial enough to reach statistical significance. The findings suggest that gamification-based
formative assessment is a promising approach for improving students' lower order thinking skills across
different cognitive levels. By understanding the nuanced impacts of this pedagogical strategy, educators can
better tailor instructional practices to foster enhanced learning outcomes and thinking skills among students.
Teachers may get valuable insights into the enhancement of lower-order thinking skills (LOTS) in children in
primary schools via the use of gamification-based formative assessment, as concluded and shown by the
study's findings. By integrating gamified practices into their instruction, teachers may establish more
captivating and interactive learning settings, so enhancing student motivation and their academic
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achievement particularly for improving lower order thinking skills. Furthermore, curriculum designers may
use this information to create educational tools that employ gamification to improve students'
comprehension of mathematics. Future studies may be conducted examining the impact of using
gamification-based formative assessment on the development of higher-order thinking skills (HOTS) at
various cognitive levels. Studying in both qualitative and quantitative research may provide a thorough
comprehension of the influence of gamified methods on student learning. Future study including carrying out
longitudinal studies to monitor the lasting impacts and investigating variations in individuals' responses to
gamified assessments practices. The results of this research help policymakers understand the possible
advantages of incorporating formative assessments based on gamification into the math curriculum for
primary school students.
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