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Abstract

This study investigated the impact of Kahoot game-based learning on grade 12 life sciences
learners’ anxiety, engagement, and academic performance in genetics in selected schools in the
Oliver Reginald Tambo Coastal District. Framed within the self-determination theory, the
constructivist learning theory, and the control-value theory, the study employed an explanatory
sequential mixed-methods design. The study combined a quantitative pre-/post-test (n = 200
learners across 4 schools) with qualitative inquiry. Instruments included interviews, classroom
observation, the science anxiety scale (SAS), and the test on genetics (TOG) questionnaires.
Quantitative results showed a statistically significant improvement in TOG achievement (pre mean
[M] = 34.02, standard deviation [SD] = 11.02; post M = 64.54, SD = 20.89; paired t (199) = -18.24,
p < 0.001; dz = 1.29), while overall science anxiety (SA) totals remained essentially stable (pre M
=29.45,SD = 3.19; post M = 29.71, SD = 2.10; p = 0.319). Qualitative findings showed that learners
and teachers reported reduced anxiety during Kahoot activities, improved engagement, and
clearer identification and correction of misconceptions when Kahoot responses were followed by
teacher explanation. Although the SAS score shows no significant difference in SA, observation
indicates otherwise. These findings indicate that Kahoot can substantially enhance genetics
learning when embedded within reflective, teacher-mediated formative cycles and when
infrastructural and facilitation challenges are managed. The study concludes with
recommendations for inclusive facilitation, structured strategies, and further research that
distinguishes between situational and SA and examines the longer-term retention of science

concepts.
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INTRODUCTION

In South Africa, the curriculum and assessment
policy statement (CAPS) for life sciences structures the
subject around four knowledge strands: life at the
molecular, cellular, and tissue levels; life processes in
plants and animals; environmental studies; and
diversity, change, and continuity (South African
Department of Basic Education [DBE], 2011). These
strands provide an integrated framework for
understanding biological phenomena. Within this
structure, genetics is embedded within diversity, change
and continuity, and is a central topic because it focuses
on inheritance, variation, and biotechnological

applications.  Genetics also carries substantial
assessment weight, accounting for approximately 32% of
the grade 12 life sciences paper 2 examination, making it
a high-stakes component requiring sustained conceptual
understanding and repeated practice.

However, the DBE (2021, 2022, 2023, 2024) diagnostic
reports consistently identify genetics as a major concern
among high school learners. The reports highlight
recurring learner difficulties in content such as blood
grouping, dihybrid crosses, and Mendelian inheritance.
They also identify recurring misconceptions in the
interpretation of genetic diagrams and the application of
probability in genetic crosses. These difficulties are
evident in the Oliver Reginald Tambo Coastal District
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Contribution to the literature

e This study advances the literature by demonstrating how Kahoot-mediated game-based learning reduces
learner science anxiety (SA) in genetics, highlighting the importance of the affective dimension in STEM
education and extending the application of motivational and emotional learning theories within rural

school classroom contexts.

e This study also provides a holistic contribution by integrating learner engagement, conceptual
understanding, and academic performance within a single intervention framework, offering nuanced
evidence of how interactive digital tools can enhance both cognitive outcomes and meaningful learning

in genetics.

e Lastly, the study contributes contextually grounded insights into the implementation of game-based
learning, informing inclusive pedagogical practices and technology integration in similar underserved

educational settings.

schools, where genetics performance and genetic
engineering contribute to persistent underperformance
in the final high school matriculation examination
results (DBE, 2021, 2022, 2023, 2024). Evidence from the
2024 paper 2 sub-question analysis indicates that
genetics remains a major challenge for learners to
comprehend. While most sections in the examination
paper achieved average scores between 40% and 70%,
genetics recorded a low mean (M) performance of 19%,
signaling persistent challenges with abstract and applied
genetics content (DBE, 2025).

We situated our study within this body of literature
that recognizes genetics as one of the most conceptually
demanding areas in school biology. Across both global
and South African contexts, learners encounter
significant challenges due to the abstract nature of
genetics, which requires the simultaneous coordination
of symbolic notation, diagrams, probabilistic reasoning,
and multiple representations (Duncan & Tseng, 2011;
Hawes & Arya, 2023). These cognitive demands are often
compounded by persistent misconceptions about
genetics, which are not easily resolved through
traditional instruction (Smith & Knight, 2012; Wang &
Tahir, 2020).

In the South African schooling context, these
challenges are further intensified by systemic
constraints, including large class sizes, linguistic
diversity, and limited access to resources. Consequently,
learners frequently adopt procedural or memorization-
based approaches rather than developing deep
conceptual understanding (Ramnarain & Schuster,
2014). Teachers also report difficulties in teaching
genetics effectively (Biyela & Ramaila, 2021; Silumesi,
2022). This often results in assessment-driven teaching
practices that prioritize examination preparation over
meaningful engagement, leaving misconceptions
insufficiently addressed.

Nonetheless, the traditional pedagogical practices
remain common in many classrooms, particularly
teacher-centered approaches that rely on textbook
instruction, lectures, and rote memorization. Research
suggests that such approaches may reduce learner
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participation and limit opportunities for conceptual
understanding (Tekkaya, 2002). These approaches have
also been associated with reduced motivation and
increased anxiety in the subject (Boateng & Kumi-Manu,
2026).

In contrast, educational technologies have been used
to support interactive, inquiry-based learning
experiences in science education. Kahoot has become
particularly prominent because it enables real-time
questioning, immediate feedback, and active
participation through gamified assessment. Studies
indicate that Kahoot can support engagement and
reduce test-related anxiety when implemented as part of
a supportive pedagogical and formative assessment
approach (Cadet, 2023; Elkhamisy & Wassef, 2021).
Recent evidence further suggests that Kahoot can
strengthen learning by providing continuous feedback
and promoting repeated retrieval practice (Ramaila,
2024).

Internationally, several studies have examined the
effects of Kahoot on learner motivation, engagement,
and achievement in science disciplines. In Turkey, Oden
et al. (2021) investigated the use of Kahoot as a
gamification tool in EFL vocational education
classrooms, focusing on its effects on students” attitudes,
motivation, and anxiety levels. Using a quasi-
experimental design, the study found that students
exposed to Kahoot-supported instruction demonstrated
significantly more positive attitudes and higher
motivation, alongside reduced learning anxiety,
compared to those taught through traditional methods.
The findings imply that student-centered, technology-
enhanced pedagogies can improve engagement and
reduce affective barriers to learning. A similar study
investigated the use of Kahoot as a digital game-based
learning tool to enhance student engagement and
participation in pre-university biology classrooms in
Malaysia (Asniza et al., 2021). The study found that
Kahoot promoted active participation, increased learner
motivation, and fostered positive classroom interaction
by creating an interactive and enjoyable learning
environment. However, international studies caution
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that Kahoot's design features may produce unintended
effects. Wang (2015) notes that strict time limits may
increase anxiety for some learners, while Plump and
LaRosa (2017) highlight that technical disruptions can
compromise lesson flow.

Across the African continent, Nabangi (2021)
investigated the use of Kahoot as a digital game-based
learning tool in Kenyan secondary school classrooms
and found an increased learner participation and
immediate feedback, while also reducing learner anxiety
during lessons and assessments. Although international
literature highlights Kahoot’s potential, there remains a
notable gap in subject and topic-specific research, where
learners must engage with abstract reasoning, diagram
interpretation, and probability, thus underscoring the
need for studies that examine its impact on anxiety and
engagement within life sciences contexts, especially
given the limited continental evidence beyond language
and general science domains.

In South Africa, the DBE’s (2004) white paper on e-
education articulated a national vision for integrating
technology into teaching and learning to improve
quality and equity. Despite investments in technology
infrastructure, classroom utilization remains
inconsistent, particularly in rural contexts where access
and readiness vary (Mashile, 2017). Nevertheless,
emerging South African studies indicate that gamified
tools, such as Kahoot, may support learner engagement
and achievement (Mdlalose et al., 2022; Ramaila, 2024).
Mdlalose et al. (2022) reported that Kahoot improved
academic performance, motivation, and engagement in
science teacher education contexts. Mbete (2022)
reported similar benefits in mathematics education,
including increased enjoyment, participation, and
immediate feedback in probability teaching. While these
studies support the value of Kahoot, there remains
limited empirical evidence on its effectiveness in grade
12 life sciences genetics, and no known studies have
examined its impact on genetics in the Oliver Reginald
Tambo Coastal District schools.

The study is guided by the following research
questions:

1. How does Kahoot influence learner anxiety levels
when learning genetics in grade 12 life sciences?

2. To what extent do age and gender influence
learners’ pre- and post-test SA levels?

3. To what extent does Kahoot affect learner
engagement during genetics lessons in grade 12
life sciences?

4. How does Kahoot impact learners’ academic
performance and conceptual understanding of
genetics in grade 12 life sciences?

5. How do learners and teachers experience Kahoot
in teaching and learning genetics in grade 12 life
sciences?

LITERATURE REVIEW

Within this context, game-based learning tools have
emerged as potential pedagogical interventions. Kahoot
integrates elements of gamification, including
immediate feedback, competition, and time-bound
responses, which have been shown to increase learner
motivation and participation (Licorish et al., 2018; Wang
& Tahir, 2020). Studies indicate that learners often
perceive Kahoot as enjoyable and engaging (Yilmaz,
2023). The platform enables real-time feedback, allowing
teachers to identify misconceptions and adjust
instruction, accordingly, thereby supporting responsive
teaching practices (Dellos, 2015). Furthermore, its
interactive and collective nature promotes classroom
dialogue and peer learning, as learners reflect on
aggregated responses and discuss incorrect answers
(Vickrey et al., 2015).

However, the literature consistently emphasizes that
Kahoot's effectiveness is not inherent in the tool itself but
depends on pedagogical mediation. Poorly designed
activities may encourage superficial engagement or
reinforce anxiety (Wang, 2015; Yilmaz, 2023). In South
African contexts, studies such as Balele (2024) highlight
that while Kahoot can enhance participation and lesson
quality, its impact is shaped by teacher facilitation
strategies. Thus, Kahoot's educational value lies in its
integration into teaching rather than in its technological
features alone.

Learner engagement, a central construct in this study,
is widely conceptualised as comprising behavioral,
cognitive, and emotional dimensions (Fredricks et al.,
2019). Kahoot has been shown to enhance behavioral
engagement by requiring active and synchronous
participation, thereby reducing passive disengagement
(Licorish et al., 2018, Wang & Tahir, 2020). It also
promotes emotional engagement through its game-like
features, which generate excitement and interest (Plass
et al., 2015). Nevertheless, increased behavioral and
emotional engagement does not necessarily translate
into cognitive engagement. The fast-paced nature of
Kahoot may lead to guessing and surface-level
processing if questions are not designed to promote
reasoning and conceptual understanding (Plump &
LaRosa, 2017, Wang, 2015). Cognitive engagement,
which involves deep processing and critical thinking, is
more likely when Kahoot is embedded within
instructional  strategies that include reflection,
discussion, and explanation (Dellos, 2015).

The relationship between engagement and anxiety is
particularly significant in science education. Anxiety has
been shown to negatively affect working memory,
persistence, and overall academic performance (Mallow,
2006). Genetics, in particular, is associated with high
anxiety due to its reliance on abstract reasoning and
multi-step problem-solving (Hawes & Arya, 2023).
Recent studies emphasize that SA is not merely an
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individual trait but is shaped by learning experiences
and classroom environments (Boateng, 2024; Boateng et
al., 2025). In multilingual contexts, such as many South
African classrooms, this anxiety may be further
intensified by language barriers and technological
limitations (Balele, 2024; Mbete, 2022). Consequently,
Kahoot can either alleviate or exacerbate anxiety
depending on how it is implemented and experienced by
learners.

In terms of academic performance and conceptual
understanding, the literature suggests that Kahoot can
be effective when used as part of formative assessment
practices. By promoting repeated retrieval practice and
providing immediate feedback, Kahoot supports
knowledge consolidation and error correction (Wang &
Tahir, 2020). Nonetheless, performance gains are not
uniform and are influenced by contextual factors such as
access to technology, connectivity, and the quality of
question design (Mbete, 2022). While Kahoot shows
promise as a tool for enhancing participation, reducing
SA, and improving learning outcomes, its effectiveness
depends on how it is implemented in specific classroom
contexts. This creates a clear research gap, particularly in
the teaching of grade 12 genetics in South African
schools, where the interaction between these variables
remains underexplored.

THEORETICAL FRAMEWORK

This study is underpinned by three complementary
theoretical perspectives: self-determination theory (SDT)
(Deci & Ryan, 1985; Ryan & Deci, 2020), constructivist
learning theory (CLT) (Piaget, 1972; Vygotsky, 1978),
and control-value theory (CVT) of achievement
emotions (Pekrun, 2006).

SDT, developed by Deci and Ryan (1985, 2020) in the
late 20th century, emerged as a critique of behaviorist and
early cognitive perspectives that primarily explained
motivation through external rewards and reinforcement.
SDT foregrounds the role of individuals as active agents
in their own learning, whose motivation is shaped not
only by external conditions but also by internal
experiences of control, interest, and meaning. Early
empirical work by Deci (1971) demonstrated that
external rewards could, in some cases, diminish intrinsic
motivation, particularly when individuals were already
engaged in inherently interesting tasks. This finding
challenged dominant assumptions about reinforcement
and highlighted the importance of understanding the
quality, rather than merely the quantity, of motivation.
Building on this, SDT evolved into a comprehensive
framework for examining human motivation,
development, and well-being, grounded in a humanistic
view that emphasizes growth, autonomy, and the
pursuit of competence and purpose (Ryan & Deci, 2017,
2020).

4/17

Central to the theory is the proposition that optimal
motivation occurs when three basic psychological needs
are supported: autonomy (a sense of choice), competence
(a sense of effectiveness), and relatedness (a sense of
belonging) (Deci & Ryan, 2000). When learning
environments and instructional practices nurture these
needs, learners are more likely to participate actively,
persist through challenges, and experience reduced
anxiety. Conversely, controlling or overly evaluative
environments may undermine motivation and
contribute to disengagement, regardless of learners’
abilities.

SDT therefore provides a valuable lens for this
intervention study, which was grounded to enhance
both the emotional and motivational dimensions of
learning. In the context of this study, it enables an
understanding of how pedagogical strategies and digital
tools can be structured to support learners’
psychological needs, thereby improving engagement,
reducing anxiety, and fostering meaningful learning
experiences.

CLT serves as the primary foundation of this study.
According to constructivists (Piaget, 1972; Vygotsky,
1978), learning is an active process in which learners
construct knowledge through interaction with their
environment, experiences, and peers rather than
passively receiving information from teachers. In this
study, Kahoot provides an interactive learning
environment where learners actively engage with
genetics concepts through quizzes, discussions,
immediate feedback, and peer interaction. Through
these experiences, learners are encouraged to confront
misconceptions, reflect on their understanding, and
reconstruct scientific knowledge. From a constructivist
perspective, learning occurs when learners actively
participate in knowledge construction, making Kahoot a
valuable tool for promoting conceptual understanding
and academic achievement in genetics.

While constructivism explains how learning occurs,
this study also seeks to understand how Kahoot
influences learner anxiety. For this purpose, the CVT of
achievement emotions (Pekrun, 2006) provides a
relevant theoretical perspective. CVT proposes that
achievement-related emotions, such as anxiety,
enjoyment, and pride, are influenced by learners’
perceptions of control over learning activities and the
value they attach to academic success. Learners are more
likely to experience anxiety when they perceive a task as
important but doubt their ability to perform
successfully.

In the context of genetics, many learners perceive the
topic as difficult due to its abstract nature, scientific
terminology, and complex inheritance patterns. Such
perceptions may contribute to increased SA and reduced
confidence. Kahoot has the potential to alter these
emotional experiences by increasing learners’ sense of
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control over learning. Through regular practice,
immediate feedback, and opportunities to correct
misunderstandings, learners can develop greater
confidence in their knowledge and abilities. As
perceptions of competence and control increase, SA may
decrease. Simultaneously, the enjoyable and game-like
nature of Kahoot may transform learning experiences
from threatening to enjoyable, fostering positive
achievement emotions that support learning.

RESEARCH METHODOLOGY

The pragmatic paradigm foregrounds our study. A
mixed-methods approach was adopted because neither
quantitative nor qualitative methods alone could
adequately address the research objectives. Specifically,
the study followed an explanatory sequential mixed-
methods design, in which quantitative data were
collected and analyzed first, followed by qualitative data
to explain and contextualize the statistical results
(Ivankova, 2014). This design enabled the researchers to
establish whether Kahoot was associated with changes
in anxiety and achievement, and then to explore how
learners and teachers experienced the intervention in the
classroom. The integration of both strands strengthened

the study through triangulation and enhanced
interpretive depth (Saunders et al., 2023).
The quantitative phase employed a quasi-

experimental one-group pre-/post-test design, in which
the same learners were measured before and after the
intervention. This design was selected because creating
a control group was not feasible in grade 12 classrooms,
where timetable demands, curriculum coverage, and
examination  preparation limited  experimental
manipulation (Cohen et al., 2018).

The study involved four purposively selected
secondary schools in the Oliver Reginald Tambo Coastal
District. The study further utilized purposive sampling
to select four grade 12 life sciences teachers, with one
teacher drawn from each of the four participating
schools. Teachers were selected based on their
responsibility for teaching grade 12 life sciences, their
experience in teaching genetics, and their willingness to
participate in the study. Following approval from school
principals, eligible teachers were identified and invited
to participate. This sampling approach ensured that
participants had relevant knowledge and experience in
teaching genetics and in using Kahoot as a game-based
learning tool. One intact grade 12 life sciences class was
selected from each school, yielding a quantitative sample
of approximately 200 learners. For the qualitative phase,
all four participating teachers and 20 learners (five per
school) were purposively selected to capture diverse
experiences of participation, engagement, and classroom
interaction. The Kahoot intervention was implemented
over four weeks during the teaching of genetics and
Inheritance, with teachers integrating Kahoot activities

as a pedagogical, formative learning and assessment
tool. To improve implementation fidelity, all
participating teachers followed a common intervention
protocol aligned with the CAPS curriculum, while still
allowing for normal classroom adaptation (Dede et al.,
2018).

Data were collected using a test on genetics (TOG)
achievement pre- and post-test, an adapted science
anxiety scale (SAS) (Betz, 1978), structured classroom
observations, and semi-structured interviews with
teachers and learners. These instruments enabled the
study to capture both measurable outcomes and rich
contextual accounts of Kahoot use in practice (Cohen et
al., 2018).

Prior to analysis, positively worded items in the SAS
were reverse-coded to ensure consistent score
interpretation. Reverse coding was necessary because
some items reflected low levels of SA (e.g., positive
feelings towards science [genetics]), whereas others
reflected high levels of SA. For the positively worded
items, responses were recorded such that a response of 5
became 1, 4 became 2, 3 remained unchanged, 2 became
4, and 1 became 5. On the SAS, items 2, 3, 5, 6, and 9 were
positively worded and reverse-coded before analysis.
Following this procedure, higher scores across all items
consistently indicated higher levels of SA. The reverse-
coded items were then included in the computation of
total anxiety scores and reliability analyses.

Quantitative data were analyzed using descriptive
and inferential statistics in R. Because normality
assumptions were not met, the Wilcoxon signed-rank
test was used to compare pre- and post-intervention
scores for SA and academic performance. Cronbach’s
alpha coefficients were calculated separately for the pre-
and post-test administrations, yielding a = 0.70 (pre-test)
and a = 0.74 (post-test), indicating acceptable internal
consistency (Field, 2022). The observed variation in
reliability coefficients is expected, as internal consistency
is influenced by changes in participants” understanding,
response patterns, and score variability following the
intervention. For the qualitative instruments,
trustworthiness was ensured through member checking.

Qualitative data from interviews and observation
notes were analyzed thematically through coding,
categorization, and theme development, following a
systematic process of identifying recurring patterns
across participants’ accounts (Nowell et al., 2017).
Integration occurred during interpretation and
discussions, in which qualitative findings were used to
explain quantitative trends and illuminate the contextual
conditions that shaped Kahoot's success and limitations
in these classrooms.

Ethical clearance was obtained from the relevant
university ethics committee (protocol number:
FEDFREC 2533), with additional permission from the
DBE and participating schools. Informed consent was
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Table 1. Profile of participants

Participant group Identifier format Total Notes

Teachers T1-T4 4 Qualitative strand only

Learners L1-1L200 200 (20) Both quantitative and qualitative strands
Table 2. Descriptive statistics

Measure Pre-test M Pre-test SD Post-test M Post-test SD
SA score 29.45 3.19 29.71 21

TOG achievement score 34.02 11.02 64.54 20.89

obtained from teachers, while parental consent and
learner assent were secured for minors. Confidentiality,
anonymity, and voluntary participation were
maintained throughout the study (Cohen et al., 2018).

FINDINGS
Quantitative Data

Background profile of participants

The quantitative strand involved 4 life science
teachers and their 200 grade 12 life sciences learners from
the four selected secondary schools (school A-school D)
that participated in the study (Table 1). Each school
contributed 50 learners, ensuring balanced
representation across the four sites and enabling
comparability of outcomes across similar instructional
contexts.

The gender distribution in the sample indicated that
112 learners were female and 88 were male. This reflects
a slight female majority within the life sciences cohort.
Presenting this distribution supported demographic
transparency and enabled descriptive reflection on
whether outcomes appeared similar across genders.

The age distribution across the sample showed that
the majority of learners were 18 years old (n = 151),
which aligns with the expected age for learners in their
final year of secondary education. Smaller numbers of
learners were in the following age categories: 17 years (n
=9), 19 years (n = 17), 20 years (n = 14), and 21 years (n
=9). The presence of learners aged 18 or older indicates
normal variation.

The four teachers comprised two males (T1 and T3)
and two females (T2 and T4). Teachers’ ages ranged from
27 to 43 years, indicating a mix of early-career and more
experienced educators. Teaching experience ranged
from 5 to 17 years. The teachers’ professional profiles
indicated sufficient subject-matter knowledge and
pedagogical experience to teach life sciences classes. For
ethical compliance and confidentiality, all participants
were anonymized. Schools were coded as school A-
school D. Teachers were coded T1-T4 by school, and the
learners sampled for the interviews were coded L1-L20.
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The relationship between learners’ science anxiety
levels and performance in genetics

During data preparation, careful attention was paid
to the directionality of item wording for the anxiety
questionnaire to ensure conceptual clarity and consistent
scoring. Because some items were positively worded,
they were reverse-coded so that higher scores
consistently represented higher levels of SA across the
scale.

The positively worded items that were reverse-coded
were Q2, Q3, Q5, Q6, and Q9.

The reverse-coding rule applied was: Qv = 6 - Q.
Following reverse coding, a total SA score was
computed for each learner using the formula: TOTAL =
Q1 + Q2rev + QBrev + Q4 + Qbrev + Qbrev + Q7 + Q8 + Qe
+Q10.

This scoring procedure ensured that the SAS
functioned as a coherent measure, with higher total
scores reflecting higher SA levels. Applying consistent
scoring across pre- and post-intervention data enabled
meaningful comparisons of SA levels over time and
supported the validity of subsequent descriptive and
inferential analyses.

Descriptive statistics

Descriptive statistics were calculated to provide an
initial overview of patterns in learners’ SA levels and
TOG achievement before and after the intervention.

From Table 2, SA scores increased very slightly from
the pre-test (M = 29.45, standard deviation [SD] = 3.19)
to the post-test (M = 29.71, SD = 2.10), with a mean
difference (MD) of only 0.26 points. This minimal change
suggests that, at an aggregate level, learners” overall SA
in sciences remained relatively stable across the
intervention period. The reduction in SD from pre- to
post-test further indicates a slight reduction in
variability in SA scores after the intervention, suggesting
a more clustered distribution of SA levels among
learners.

In contrast, TOG achievement scores increased
substantially from a pre-test M of 34.02 (SD =11.02) to a
post-test M of 64.54 (SD = 20.89). This represents an M
gain of 30.52 percentage points, indicating a marked
improvement in learner performance following the
intervention. The descriptive statistics point to two
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distinct patterns: relative stability in overall SA and a
pronounced improvement in genetics achievement.
These patterns provide an important foundation for
inferential analysis and raise analytically relevant
questions regarding the nature of Kahoot's impact,
specifically whether its influence was stronger on
cognitive outcomes than on broader affective
dispositions.

Inferential analysis

While descriptive statistics provide an overview of
trends, inferential analysis was conducted to determine
whether the observed changes were statistically
significant and unlikely to be due to chance. Because the
same learners completed both the pre- and post-
intervention measures, paired-samples inferential
techniques were appropriate. The paired-samples t-tests
were used as the primary inferential method to examine
changes over time. In addition, Wilcoxon signed-rank
tests were conducted to address indications of non-
normality and enhance the robustness of the findings.
Although the data met the assumptions for parametric
testing, nonparametric analyses were also conducted as
a robustness check. The consistency of the findings
across both analytical approaches provided additional
support for the stability and reliability of the results.

Pairing method: Approximate pairing within gender
X age groups.

Matched pairs used: n = 200.

SA (paired t-test): t (199) =
Cohen’s dz =-3.357.

SA (Wilcoxon): W =0, p = 0.0000.

Marks (paired t-test): t (199) = 18.242, p = 2.3872e-44;
Cohen’s dz =1.290.

Marks (Wilcoxon): W = 568, p = 4.7522e-30.

The paired analyses show that the SA total score
changed marginally from M pre =34.51 to M post =16.11
(MD = -18.40), with no statistically significant change
detected t (199) = -47.477, p = 0.0000). In contrast, TOG
achievement improved substantially: M marks increased
from 34.02 to 64.54 (MD = 30.52), with a highly
significant result #(199) = 18.242, p = 2.3872e-44) and a
large effect size (dz =1.290).

-47.477, p = 0.0000;

Science anxiety

The paired-samples t-test conducted on the SA totals
indicated no statistically significant difference between
pre- and post-intervention scores:

T (199) =-1.00, p = 0.319.
Effect size: dz = 0.071 (negligible).

The negligible effect size indicates that the magnitude
of change in SA was very small and practically
insignificant. To confirm this result, a Wilcoxon signed-

Pre- and post-intervention anxiety totals

B
(=]

W
w

w
o

N
wu

Anxiety total score (higher = higher anxiety)
N
[=]

Pre-intervention Post-intervention

Figure 1. Pre- and post-intervention anxiety totals (the
authors” own elaboration)

rank test was conducted, which yielded a consistent
outcome:

W =6732.0, p=0.184.
Effect size: r = 0.10 (small).
Non-zero pairs included in the analysis: n = 174.

The convergence of the parametric and non-
parametric results provides strong evidence that the
Kahoot-based intervention did not result in a statistically
significant change in learners’ overall SA totals when
measured across the full scale. These findings suggest
that, while Kahoot may influence learners’ emotional
experiences during specific classroom activities, such
effects may not be sufficiently strong or broad to shift
overall SA levels.

Figure 1 shows the pre- and post-intervention
anxiety totals.

Figure 2 presents the pre- and post-intervention M
SA scores for learners aged 17 to 21, disaggregated by
gender. In the pre-test phase, both males and females
exhibit similar SA levels with a noticeable dip at age 19,
particularly among males. Female learners show a
gradual increase in SA from age 19, peaking at age 21,
whereas male learners show a slight decline after age 20.
Females tend to report marginally higher SA levels than
males across most age groups. Following the
intervention, SA levels decreased substantially for both
genders across all ages, indicating a clear positive effect.
Male SA post-test scores remain relatively stable in the
mid-teens, whereas female scores, though significantly
reduced, display slightly greater variability. The lowest
female SA is observed at age 20, with a slight increase at
age 21. The findings suggest that the intervention
effectively reduced SA across age and gender.

Genetics achievement

In contrast to the SA findings, inferential analysis
revealed a statistically significant improvement in
genetics achievement following the intervention. The
paired-samples f-test produced the following result:

t (199) = -18.24, p < 0.001.
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Pre and Post Anxiety Means by Age and Gender
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Figure 3. Pre- and post-test TOG scores (the authors” own
elaboration)

Effect size: dz = 1.29 (large).

The large effect size indicates that the improvement
in achievement was not only statistically significant but
also educationally substantial. This result was confirmed
using the Wilcoxon signed-rank test:

W =568.5, p=4.75 x 10,
Effect size: r = 0.816 (large).
Non-zero pairs included in the analysis: n = 195.

The consistency between the parametric and non-
parametric tests provided strong evidence that learner
performance in TOG improved significantly following
the Kahoot-based intervention. The magnitude of the
effect suggested that the observed gains were unlikely to
be attributable solely to random variation and indicated
a meaningful association between the intervention and
learning outcomes (Figure 3).
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divergence between cognitive and affective outcomes:
while genetics achievement improved substantially,
overall SA remained statistically unchanged. These
findings do not necessarily indicate long-term changes
in overall SA; this pattern highlighted the importance of
moving beyond numerical trends to explore how
learners and teachers experienced Kahoot in classroom
practice.

Qualitative Data

Four main themes emerged from the qualitative
analysis. These themes included: learner reduced SA
during genetics and Inheritance lessons, learner engagement
and participation during Kahoot-supported lessons, learning
outcomes and conceptual understanding in genetics and
Inheritance and learner and teacher experiences of
implementing Kahoot.

Themne 1. Learner reduced science anxiety during
genetics lessons

Theme 1 captures learners” and teachers” experiences
of SA during genetics lessons and how the Kahoot
influenced this anxiety. Across schools, learners’
responses indicated that Kahoot reduced SA by
alleviating the pressure of answering genetics questions
in public. Unlike traditional questioning, where
individual learners may be singled out to answer in front
of their peers, Kahoot requires all learners to respond
simultaneously. This collective participation reduced
personal exposure and shifted the meaning of mistakes
from a visible personal failure to a shared learning
process.
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In practical terms, learners reported feeling less
“spotlighted” and less judged, and therefore more
willing to offer answers even when uncertain. Learner
L1 from school A explained:

Normally, genetics makes me panic because I
always thought of getting the answer wrong.
When the teacher asks questions, I feel everyone
is watching me and judging my answer. With
Kahoot, I felt less intimidated because everyone
was answering at the same time, so it did not feel
like the focus was on me alone. That made it easier
for me to try, even when I was unsure (L1, school
A).

Learner L12 similarly emphasized that mistakes did
not feel embarrassing during Kahoot sessions and that
errors were perceived as part of the learning process
rather than personal failure. This response is significant
because it suggests persistence: the learner continued
participating despite mistakes, rather than withdrawing.

When I got answers wrong on Kahoot, it did not
feel embarrassing at all. Nobody pointed out that
I was wrong, and we just moved on to the next
question. I felt like mistakes were normal and part
of the learning process. Because of that, I was
willing to keep trying rather than give up (L2,
school A).

Teachers corroborated these experiences. Teacher T1
observed increased participation among learners who
were usually quiet, noting that Kahoot reduced the panic
of public answering and encouraged broader
involvement during genetics lessons.

I noticed that learners who were usually very
quiet became more willing to answer questions
when Kahoot was used. They were participating
without being forced to speak in front of the class.
The pressure on learners to answer questions in
class was reduced (T1, school A).

Classroom observation notes supported these
accounts. During Kahoot activities, learners were more
willing to attempt answers and showed fewer avoidance
behaviors.

Theme 2. Learner engagement and participation

Theme 2 focuses on how Kahoot influenced learner
engagement and participation during genetics lessons.
Within the integrated SDT framework, engagement is

strengthened when learning activities support

competence, autonomy, and relatedness, while

remaining manageable to implement in the classroom.
Teachers reported that Kahoot increased

attentiveness and sustained learner focus across the
lesson. The teachers” observations suggest that Kahoot

created a structured cycle of questioning and responding
that reduced opportunities for learners to drift off-task
and kept them cognitively present. One teacher narrated:

Engagement was noticeably higher during
Kahoot lessons. Learners were attentive from the
beginning to the end of the lesson. Even learners
who wusually lose focus stayed involved
throughout the activity (T4, school D).

Learners echoed this experience. Learner L32 linked
attentiveness to the interactive nature of the activity and
to the desire to improve scores:

Kahoot made the lesson exciting. I stayed focused
because I wanted to see my score improve. Each
question motivated me to pay attention and try
harder (L32, school A).

Classroom observation notes corroborated these
accounts and provided behavioral evidence of
attentiveness. The observation notes further indicated
that the projected display consistently anchored
learners’ attention, with them looking toward the
projector. They remained alert as questions progressed,
suggesting sustained time-on-task and reduced
disengagement compared to more passive lesson
segments.

In addition to attentiveness, participation increased
noticeably. Learner L15 reported:

Even learners who don’t normally participate
were shouting answers and discussing them with
friends. The class felt more alive, and everyone
wanted to be involved (L15, school C).

Teacher T2 similarly observed participation across
ability levels.

Participation increased across ability levels.
Learners who are usually passive became
involved and showed interest in answering
questions (T2, school B).

Observation notes strengthened the evidence of peer
interaction and competition. Learners appeared highly
competitive and were visibly eager for the next question,
which reinforced the motivational role of competition
and leaderboards. However, the same observation notes
also highlighted a key classroom management issue:
noise levels increased substantially, and the class became
“almost uncontrollable” as competition intensified.

Theme 3. Learning outcomes and conceptual
understanding in genetics and inheritance

A dominant pattern across teacher interviews was
that Kahoot enabled rapid diagnosis of misconceptions
in genetics. Teachers explained that the immediate
visibility of learner responses enabled them to identify
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misunderstandings. This is particularly important in
genetics because misconceptions often persist when
learners repeatedly practice incorrect procedures. When
misconceptions are identified late, learners may have
already internalized incorrect reasoning. Teacher T3
from school C explained:

Kahoot helped me identify misconceptions
immediately, especially with Punnett squares. 1
could see which options learners were choosing
and quickly realized where they were confused.
That made it easier to stop and explain before
moving on (T3, school C).

Teacher T2 similarly emphasized that learning
improved when concepts were revisited after Kahoot
activities.

Learners showed improved understanding when
we revisited concepts after the Kahoot activity.
The questions showed me exactly where they
were struggling, and I could adjust my teaching
straight away (T2, school B).

Teacher T1 observed that learners’ reasoning
improved after Kahoot sessions, suggesting that the tool
supported deeper engagement when accompanied by
follow-up explanation. The teacher noted that learners
were increasingly able to justify answers, indicating a
shift from concept listing to conceptual reasoning. This
is an important finding because multiple-choice formats
can encourage guessing under time pressure; however,
teacher-led discussion can foster learning by requiring
learners to explain why an option is correct or incorrect.

After Kahoot, learners were able to explain their
answers better. They were not just choosing
options; they were also explaining why an answer
was correct or incorrect (T1, school A).

Classroom observations supported these claims.
Teachers observed pausing after incorrect answers,
clustering incorrect answers, and using the item as a
teaching moment to revisit key genetics principles.
Learners were observed discussing their reasoning
briefly in groups or with peers, especially when they
realized their selection was incorrect. These observation
patterns suggest that misconception correction occurred
through a cycle of question — response pattern — teacher
diagnosis — explanation — learner discussion, which is
characteristic of formative assessment practice in which
feedback is immediate and instructional rather than
merely evaluative.

Learners consistently emphasized that Kahoot
supported their understanding when paired with
teacher explanations after each question. This suggests
that the platform’s learning value depended strongly on
the feedback process and on how teachers used
questions to unpack meaning. This indicates that Kahoot
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supported error-based learning, where mistakes became
opportunities for clarification rather than sources of
discouragement.

Learner L2 from school A explained:

When the teacher explained after each question, I
understood genetics better. The explanation
helped me see where I went wrong and what I
needed to change (L2, school A).

Learner L14 described how understanding mistakes
strengthened memory and reduced the likelihood of
repeating errors.

Seeing why an answer was wrong helped me
remember the correct one. After that, I did not
make the same mistake again (L14, school C).

Learners also linked Kahoot to assessment
preparation. Learner L20 from school D explained:

Kahoot helped me practice before tests, so I felt
more prepared. I was not shocked by the
questions because we had already discussed
similar ones (L20, school D).

This suggests that Kahoot supported exam readiness
by increasing exposure to typical genetics question
formats and reinforcing key reasoning steps through
repeated retrieval and discussion.

Theme 4. Learner and teacher experiences of
implementing Kahoot

Theme 4 captures the practical and experiential
realities of implementing Kahoot in grade 12 life sciences
classrooms. Across the four schools, teachers and
learners generally reported positive experiences with
Kahoot. They expressed a willingness to continue using
it for revising and consolidating content. However,
participants also emphasized that effective use required
practical adjustments. Teachers generally reported that
Kahoot was easy to use and supported instructional
efficiency. Teachers described the platform as
straightforward to prepare, quick to launch, and helpful
for capturing learner responses without the
administrative burden of paper-based testing. These
experiences suggest that Kahoot is aligned well with the
time pressures of grade 12 teaching, where teachers often
need strategies that provide rapid feedback while
maintaining curriculum coverage.

Teacher T1 from school A described:

It was easy to set up quizzes because the system is
simple. I could prepare questions at home and use
them in class quickly. It helped me to test my
understanding without photocopying papers. For
revision, it was efficient, and the learners
responded well (T1, school A).
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Teacher T3 from school C highlighted:

It saved time, and we revised quickly. Instead of
marking many scripts, I could see results
immediately. We could discuss mistakes in the
same lesson while it was still fresh. That helped
me manage the grade 12 pace better (I3, school C).

Teachers” accounts also suggest that Kahoot
supported instructional planning by enabling flexible
use across lesson stages. Teachers described Kahoot as
useful for assessing baseline understanding, identifying
confusion, summarizing key concepts, and preparing
learners for assessment. Teacher experiences indicate
high PU and PEOU, which are central conditions for
sustained adoption in classroom practice. However,
teachers also implicitly acknowledged that successful
use required active classroom management, careful
pacing, and appropriate question selection, especially in
the grade 12 context.

Learners generally expressed positive attitudes
toward Kahoot, describing it as enjoyable, motivating,
reducing SA and more inclusive than traditional
classroom questioning. Learner L8 from school A had
this to say:

I liked that we all had a chance to answer. In class,
sometimes only the same learners answer
questions. But with Kahoot, everyone must try, so
it feels fair. It made me participate more than
before (L5, school B).

However, teachers also reported constraints that
affected inclusivity. T2 lamented:

Even slow learners could catch up when we
worked in groups. However, sometimes the
network was unreliable, causing the game to stop.
Also, not every learner had a phone, so we had to
share. We managed, but it shows resources can
affect the experience (T2, school B).

Observation notes confirmed repeated instances of
device sharing, with small groups clustered around one
phone. During Kahoot sessions, learners were highly
energized: they cheered and clapped when names
appeared on the projector, many were visibly alert and
“on their toes,” and there was sustained anticipation for
the next question.

DISCUSSION

The first findings from research questions 1 and 2
show that learners experienced SA, and that more girls
than boys did. The finding further shows that Kahoot
significantly reduced SA during genetics lessons. This
reduction was primarily associated with decreased fear
of mistakes and the opportunity to participate
simultaneously. Learners repeatedly described feeling

less exposed and less judged, as Kahoot disrupted
traditional teacher-centered questioning practices. These
findings corroborate existing studies that argue that
Kahoot transforms classroom moments into practice
environments where mistakes are reframed as part of the
learning process rather than indicators of failure (Dellos,
2015; Wang & Tahir, 2020). From an SDT perspective, the
reduction in SA observed in this study reflects enhanced
satisfaction of learners’ needs for relatedness and
autonomy. Relatedness is supported when learners
perceive the classroom as a psychologically safe space
characterized by belonging and reduced judgment (Deci
& Ryan, 2000; Ryan & Deci, 2020). Autonomy, in turn, is
strengthened when participation is experienced as
voluntary and low-pressure rather than as coerced
public performance. This finding is consistent with
Boateng et al’s (2025) “confidence trajectory”
framework, which emphasizes that learner SA is shaped
by cumulative participation experiences and perceptions
of competence. The present study provides evidence in
support of Boateng et al. (2024) by demonstrating that
reduced SA did not stem from genetics becoming less
complex, but rather from a classroom environment that
enabled safe participation and iterative practice.
However, in contrast to the qualitative findings, the
quantitative analysis did not reveal a statistically
significant reduction in overall SA scores following the
intervention. This divergence does not contradict the
qualitative evidence; rather, it highlights an important
conceptual distinction between general subject-related
anxiety. Similar discrepancies have been reported in
previous mixed-methods studies, where learners report
feeling more comfortable during specific learning
activities while broader anxiety measures remain stable
(Wang & Tahir, 2020; Yilmaz, 2023).

Secondly, the findings of research question 3
demonstrate a strong convergence between qualitative
evidence and patterns of learner achievement, indicating
that Kahoot substantially enhanced learner engagement
during genetics lessons. Qualitative data revealed
sustained attention, frequent participation across
diverse ability levels, active peer interaction, and
emotional involvement throughout Kahoot-supported
activities. Classroom observations substantiated these
findings. These findings align closely with previous
studies that identify Kahoot as a powerful engagement
catalyst capable of promoting repeated cycles of
interaction, response, and feedback (Licorish et al., 2018;
Wang & Tahir, 2020). Interpreted through SDT, the
observed engagement patterns reflect enhanced
satisfaction of learners’ mneeds for autonomy,
competence, and relatedness. Autonomy was evident as
learners actively participated by making decisions and
submitting responses, rather than passively receiving
information (Deci & Ryan, 2000; Ryan & Deci, 2020).
Competence was reinforced through immediate
feedback and visible indicators of progress, such as
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scores and rankings, which signaled that success was
attainable through effort. Relatedness emerged through
shared excitement, collaborative discussion, and
collective participation, particularly where learners
engaged in dialogue while sharing devices. These
findings corroborate prior SDT-informed studies
showing that learner engagement increases when
classroom activities support agency, feedback, and social
connection (Ryan & Deci, 2020; Wang & Tahir, 2020).
From a constructivist perspective, the increased learner
engagement observed in this study suggests that Kahoot
created opportunities for active participation,
interaction, and knowledge construction during genetics
lessons. Both learners and teachers reported that the
platform sustained attention and reduced passive
disengagement, thereby promoting active involvement
in the learning process. Through immediate feedback,
classroom discussion, and participation in quiz-based
activities, learners tested their understanding,
confronted misconceptions, and refined their conceptual
understanding of genetics. These findings support the
constructivist view that meaningful learning occurs
when learners actively engage with content and interact
with their learning environment (Piaget, 1972; Vygotsky,
1978).

The findings can also be interpreted through the lens
of CVT, which posits that achievement emotions are
influenced by learners’ perceptions of control over
learning tasks and the value they attach to those tasks
(Pekrun, 2006). The interactive, supportive nature of
Kahoot appeared to enhance learners’ sense of control by
providing a friendly environment and immediate
feedback. As learners became more confident in
answering genetics questions and monitoring their
progress, they experienced reduced anxiety and greater
enjoyment during lessons. However, the findings also
suggest that excessive competition, classroom noise, and
high excitement may at times distract learners from
deeper engagement with the content. Such conditions
could shift learners’ attention from conceptual
understanding  towards  performance outcomes,
potentially reducing opportunities for meaningful
learning. Therefore, while Kahoot can foster positive
achievement emotions and engagement, its effectiveness
depends on careful teacher facilitation to ensure that
enjoyment and competition remain aligned with
educational objectives and conceptual understanding.

However, consistent with cautionary perspectives in
the literature, the findings also indicate that increased
emotional and behavioral engagement does not
automatically equate to deep cognitive engagement.
Prior studies have warned that Kahoot’s fast pace and
competitive elements may encourage superficial
responses or guessing over conceptual reasoning
(Plump & LaRosa, 2017; Wang, 2015). The present study
aligns with these concerns, as some lessons exhibited
high noise levels and near-chaotic moments, suggesting
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that engagement was occasionally dominated by
competitive energy rather than reflective thinking.

Although engagement was not measured using a
standalone  quantitative scale, the substantial
improvement in learner achievement provides indirect
evidence of productive engagement when interpreted
alongside the qualitative data. The alighment between
observed attentiveness, reported participation, and
statistically significant learning gains suggests that
engagement was not merely superficial across all
sessions. Nevertheless, the findings reinforce a critical
conclusion from the literature: engagement contributes
most effectively to learning when teachers actively
channel excitement into structured reasoning, feedback,
and conceptual consolidation.

The findings from research question four
demonstrated strong convergence between qualitative
and quantitative evidence regarding learning outcomes,
suggesting that Kahoot exerted a meaningful influence
on learners’ academic performance and conceptual
understanding of genetics. Quantitative analyses
revealed statistically significant improvements in
learners’ genetics scores from pre- to post-test, with large
effect sizes confirmed through both parametric and non-
parametric procedures. These performance gains are
corroborated by the qualitative findings, which
indicated that learners developed stronger conceptual
understanding through immediate feedback, repeated
exposure to key concepts, and teacher-led clarification
during Kahoot-facilitated lessons. This corroborates
existing evidence that classroom response systems can
establish effective formative assessment loops when
teachers actively respond to error patterns through
reteaching and clarification (Dellos, 2015; Wang & Tabhir,
2020). From an SDT perspective, the observed
improvements in learning outcomes can be linked to
enhanced satisfaction of learners’ competence needs.
Immediate feedback reduced uncertainty and helped
learners regulate their understanding, while repeated
opportunities to respond created experiences of success
that reinforced perceptions of competence. These
experiences, in turn, were likely to have supported
persistence and effort in challenging genetic content.
However, SDT also cautions that competence
perceptions may be undermined by overly restrictive
timing or repeated failure if activities are insufficiently
scaffolded, reinforcing the importance of inclusive
pacing and explicit explanation (Deci & Ryan, 2000;
Ryan & Deci, 2020). The findings of this study therefore
support SDT-based arguments that digital tools enhance
learning most effectively when competence support is
carefully managed.

Nonetheless, we also argue that Kahoot is most
effective when integrated into broader pedagogical
practices. There is therefore the need for teacher
explanations, classroom discussions, feedback sessions,
and peer interactions following Kahoot activities to
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facilitate deeper conceptual understanding of genetics
concepts. Viewed through the lens of CLT, the observed
improvements in academic performance suggest that
Kahoot created opportunities for learners to actively
engage with genetics concepts, receive immediate
feedback, and refine their understanding through
interaction and reflection. Rather than passively
receiving information, learners actively constructed
knowledge by responding to questions, discussing
misconceptions, and connecting new information with
prior understanding. These processes are central to
constructivist learning and may explain the enhanced
conceptual understanding and academic achievement
observed in the study (Piaget, 1972; Vygotsky, 1978).

From the perspective of CVT, the gains in academic
performance may be attributed to learners’ increased
perceptions of control over genetics learning and
assessment tasks. The immediate feedback provided by
Kahoot enabled learners to monitor their progress,
identify areas requiring improvement, and experience
success in manageable learning activities. As learners
developed greater confidence in their ability to
understand genetics concepts, their perceived control
increased, contributing to more positive achievement
emotions and reduced anxiety. According to CVT, such
positive emotional experiences are associated with
improved motivation, engagement, and academic
outcomes (Pekrun, 2006). Furthermore, the platform
provided teachers with timely insights into learners’
understanding,  enabling  them to  address
misconceptions and support deeper conceptual learning,
which ultimately contributed to improved academic
performance (Mdlalose et al., 2022; Wang & Tahir, 2020).

Lastly, the findings of research question 5 indicated
that learners and teachers experience several
implementation challenges, including limited access to
digital devices, intermittent internet connectivity,
difficulties with lesson pacing, and increased classroom
management issues arising from increased competition.
These findings align with and corroborate existing
literature that emphasizes the role of infrastructural
readiness and contextual conditions in shaping the
effectiveness of educational technology, particularly in
under-resourced school environments (Balele, 2024;
Mbete, 2022). From a CLT perspective, the contextual
challenges experienced during the implementation of
Kahoot constrained opportunities for active knowledge
construction and meaningful learner engagement.
Constructivism posits that learning occurs through
interaction, participation, feedback, and social
negotiation of meaning (Piaget, 1972; Vygotsky, 1978).
Although teachers and learners viewed Kahoot as a
valuable instructional tool, unstable internet
connectivity and limited access to digital devices
disrupted learner participation and interrupted the
interactive learning processes necessary for effective
conceptual development. These disruptions reduced

opportunities for learners to engage collaboratively with
genetics concepts, receive immediate feedback, and
actively construct understanding, thereby limiting the
pedagogical potential of the intervention.

The findings can also be interpreted through the lens
of CVT (Pekrun, 2006), which emphasizes the role of
perceived control and achievement emotions in learning.
Technical interruptions diminished learners” sense of
control over learning activities by creating uncertainty
and frustration during Kahoot sessions. When learners
were unable to participate consistently due to
connectivity challenges or device shortages, feelings of
enjoyment and confidence were often replaced by
anxiety, disappointment, and disengagement. Similarly,
teachers experienced frustration when technological
disruptions interfered with lesson delivery and hindered
the achievement of intended learning outcomes.
According to CVT, such reductions in perceived control
may negatively affect learners’ emotional experiences
and engagement, thereby limiting the motivational
benefits of game-based learning. These findings are
consistent with previous studies showing that
technological and infrastructural barriers can undermine
positive learning experiences and reduce the
effectiveness of digital pedagogical innovations despite
their educational potential (Balele, 2024).

Observations of device sharing further illustrate the
dual nature of learners’ experiences. On the one hand,
shared-device  participation  enabled continued
engagement in contexts of limited resources, reflecting
learner adaptability and resilience. On the other hand,
equitable participation within groups depended heavily
on how collaboration was structured and managed.
However, it can simultaneously undermine autonomy
when a single learner dominates decision-making,
reducing others’ sense of agency despite physical
participation. The findings, therefore, align with SDT-
based literature, which argues that collaborative
learning environments require intentional structuring to
support autonomy, such as role rotation, clear turn-
taking norms, and ongoing teacher monitoring (Ryan &
Deci, 2020).

CONCLUSIONS

This study investigated the impact of Kahoot-based
game learning on grade 12 learners’ SA, engagement,
and academic performance in genetics. Guided by the
CLT, SDT and CVT, the study adopted a mixed-methods
approach to examine both the intervention’s measurable
outcomes and learners’ and teachers’ experiences.
Quantitative data were collected through pre- and post-
intervention assessments and SA questionnaires, while
qualitative data were generated through interviews,
classroom observation and learner reflections to provide
a deeper understanding of participants” experiences. The
integration of quantitative and qualitative findings
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provided a comprehensive understanding of the
educational value of game-based learning in life sciences
classrooms. The study concludes that Kahoot game-
based learning holds considerable promise for
improving both learner engagement and academic
performance, while reducing SA in grade 12 genetics.
Evidence from the mixed-methods approach
demonstrates strong convergence, showing that Kahoot
enhanced learner attentiveness, encouraged wider
participation, and fostered meaningful peer interaction,
thereby creating a more dynamic and interactive
classroom environment for genetics concepts.
Quantitative findings further revealed a substantial
improvement in learner achievement between the pre-
and post-intervention assessments, as supported by both
parametric and nonparametric analyses. While learners
reported feeling more comfortable, less judged, and
more willing to engage, these perceptions did not
translate into statistically significant changes in SA
levels. This indicates that broader and longer-term
interventions may be necessary to meaningfully address
SA.

The study findings further highlight that the
educational value of Kahoot extends beyond the
technology itself. Its effectiveness is influenced by the
quality of implementation, including the design of
questions, the integration of teacher explanations and
peer discussions, and the management of classroom
dynamics. Hence, the tool is most effective when used as
part of a broader pedagogical strategy rather than as a
standalone pedagogical tool. Hence, the study
contributes to the growing body of evidence supporting
the use of game-based learning in science education and
demonstrates the potential of Kahoot to enhance learner
engagement, improve academic performance, and create
more interactive and supportive genetics learning
environments to reduce SA.

Limitations

While this study provides valuable insights into the
use of Kahoot as a game-based learning tool to enhance
learner engagement, reduce SA, and improve academic
performance in grade 12 genetics, several limitations
should be considered when interpreting the findings:
Firstly, the study was conducted within four schools in
one school district in the Eastern Cape Province of South
Africa, involving a relatively small sample of grade 12
learners and teachers. Although the mixed-methods
approach yielded rich, comprehensive data, the findings
may not be generalizable to all secondary school
contexts.

Secondly, the intervention was implemented over a
relatively short period. While the findings revealed
improvements in learner engagement, classroom
participation, and academic performance, the
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intervention duration may not have been sufficient to
produce substantial long-term changes in SA.

Thirdly, the study focused specifically on genetics.
Hence, the findings may not necessarily be transferable
to other life sciences topics or scientific disciplines
without further investigation.

Furthermore, the implementation of Kahoot was
influenced by contextual factors, including internet
connectivity, device availability, and classroom
infrastructure. Occasional technological disruptions
affected the smooth delivery of some learning activities
and may have limited the full realization of the potential
of the intervention. Despite these limitations, the study
contributes meaningful evidence to the growing body of
literature on game-based learning in science education.

Recommendations

Based on the findings, several recommendations are
proposed. Teachers should strategically use Kahoot for
didactics and as a formative assessment tool in science
teaching rather than as a stand-alone activity. Its use
should be accompanied by inclusive pedagogical
practices to enhance learning in the sciences.

School leadership should seek partnerships with

external  stakeholders to  strengthen  digital
infrastructure, while districts should support
professional learning communities for sharing

contextually relevant practices in rural areas. Teacher
education programs should prioritize training in
technology-enhanced assessment, grounded in relevant
learning theories that promote autonomy, competence,
and relatedness. Curriculum developers are encouraged
to incorporate exemplar Kahoot-style questions aligned
with grade 12 life sciences content to ease teacher
workload and ensure consistency. Policy guidance
should further emphasize the integration of digital
formative assessment tools into routine science teaching.

Practical implications include establishing clear
behavioral expectations, setting educational objectives
before gameplay, regulating competition, facilitating
reflective discussions after quizzes, and ensuring that
learning remains the primary focus rather than merely
achieving high scores. Future research should explore
the long-term effects of Kahoot on learner anxiety, self-
efficacy, and achievement, using more robust designs
such as control groups. Additionally, studies should
examine specific platform features and their differential
impact on diverse learners, including those with higher
SA.
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