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EDITORIAL

Our first article features a study conducted by a group of
teacher-researchers in Tamale, a town in northern Ghana.

The study examined the perceived effects of the knowledge of
economics teachers on level 100 students. The study was conducted in
the Tamale metropolis. The researchers employed the survey design.
The results showed a statistically positive association between teachers’
content knowledge and students’ achievement in learning economics.
Again, the study revealed that teachers’ positive attitude impacted
positively on students’ learning of economics. Finally, the findings of
the study would seem to suggest that the higher the qualification of
teachers the higher the student achievement in studying economics.
Another article on pedagogy came from a group of teachers in Kenya.’
The study investigated the effect of gamification on learning outcomes
of secondary students of computer studies in Kenya. The sample was
142 form 3 secondary students from four secondary schools, selected
through purposive sampling.

The differences between the pre-test and post-test means were
analyzed using a t-test and analysis of variance (ANOVA).

The results showed that the students in the experimental groups
did better than those in the control groups. The researchers concluded as
follows: there is a case for including gamification in the pedagogy
curricular of future computer science teachers.

Editor — in — Chief

December 2023
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Abstract
This article investigated the effects of using gamification on students’
performance in Computer Studies using a quasi-experimental approach.
The study targeted twelve secondary schools with computer
laboratories, internet connectivity, and students taking Computer
Studies as an examinable subject in Murang’a County, Kenya. The
Solomon Four Group, Non-equivalent Control Group Design, was
employed in the study. A total of 142 Form Three Computer Studies
students from four secondary schools with internet connections were
purposively sampled. The computer studies class in each of the five
schools were randomly assigned to either Experimental or Control
groups. The experimental groups (E1 and E2) utilized gamification in
their teaching and learning, while the control groups (C1 and C2) used
the conventional teaching and learning methods for five weeks. The

differences between the pre-test and post-test group means were

analysed using a t-test and Analysis of Variance (ANOVA). Results
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indicated that the students in the experimental groups outperformed
those in the control groups in the post-test. Based on these findings, it
was concluded that gamification has the potential to raise students’
performance and should be investigated more widely to take a role in
modern computer pedagogy, even in a developing country. There is a
case for including gamification in the pedagogy curricula of future

computer science teachers.

Keywords: Gamification, academic performance, Computer studies,

Solomon four groups, conventional teaching method



INTERNATIONAL JOURNAL OF PEDAGOGY, POLICY AND ICT IN EDUCATION 27
Volume 11, December 2023

Introduction

Despite its critical and growing importance, Computer Science is
taught in only a small minority of U.S. schools (Langmia, 2012).
Kiptalam & Rodrigues (2010) observed that access to ICT facilities is a
major challenge facing most African countries. The study observed that
in Africa there is a ratio of one computer to 150 students as against a
standard ratio of 1:15 students in the developed countries. Enuku &
Enuku (2000) mention a similar concern in Nigeria; that there was an
interest in Computer Studies (CS) at the secondary school level, but
teaching this content was another story. To cope with the emerging
science and technology trends in the global arena, many countries in the
world are pushing global economies to speed up the teaching and
learning of Computer Science within their territories (Kannan &

Munday, 2018; Birgili, Seggie & Oguz, 2021).

Other studies reveal that computer programming is very

challenging to teach and learn in developing countries. They argue that
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developing countries’ teaching and learning programmes are affected by
additional factors such as socioeconomic and natural environment
(Oroma,Wanga & Ngumbuke, 2012; Cunningham, 2016; Oyier, et. al.).
The challenges of teaching and learning computer is further
compounded by inadequate computer teaching staff who have computer
programming skills.. Baram- Tsabari & Yarden (2011) claim that due to
the lack of computers in schools in developing countries many students
face challenges in dealing with abstract concepts; especially when they
try to resolve scenarios that relate to contemporary world issues New
methods of teaching and learning classroom content, such as the use of
technology-integrated gamified education and learning in high schools,
referred to as gamification are needed (Goehle, 2013; Mayer & Johnson,

2010).

Gamification utilizes the elements of computer games; taking
the qualities that make games more engaging and applying them to other

tasks (Kamunya, Oboko & Maina (2020). Dichev et al., 2014 considers
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gamification as an extension of video games to motivate and engage the
user through surprise, positive feedback and progress scores. High
school students depend a lot on the positive effect of peers in raising
achievement (DiCarlo, 2006; Ngaruiya, 2018). Gamification creates
competition, awards points on achieving a given objective as well as
provides prompts and feedback on students’ progress on task. In
addition, gamification provides leader boards. Many studies claim that
computer games are effective in promoting learning and are more
motivational for students than non-gaming teaching methods (Annetta,
Minogue, Holmes, & Cheng, 2012; Papastergiou, 2009; Van Eck, 2006,
Barab et al., 2005; Batson & Feinberg, 2006; de Freitas, 2006;
Papastergiou, 2009). Gamification involves selecting elements of games
and using these to create a game-like environment in a non-game
context to increase user experience and engagement (Deterding et al.,
2011; Dominguez, et al., 2014; Turner, Dieksheide, & Anderson, 2013;)

Apostol, Zaharescu, & Alexe, 2013; Dominguez et al., 2013; Pedreira et
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al., 2014; Turner et al., 2013). Gamification combines intrinsic
motivation with an extrinsic one to raise motivation and engagement
(Montean, 2011, p. 326). Typically, these game elements include items
such as points, leader boards, levelling up, and badges (Barata, Gama,
Jorge & Goncalves, 2013; Mekler et al., 2013). Game elements also can
include avatars, three-dimensional environments, feedback, ranks,
levels, competition, communication systems, and time pressures

(Deterding et al., 2011).

Some schools have resorted to gamified learning activities
(GLA) to improve students’ performance in Computer science.
However, there are no studies in Kenya showing how effective this
gamified learning activity has enhanced students’ academic
performance. This forms the basis of this study. Attali & Arieli-Attali,
(2015) observed that gamification shows mixed effects across several
sectors, such as students’ performance, engagement, and learning

motivation. However, as these studies focus only on certain disciplines,
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there remains a gap in the literature concerning a clear framework of use
across academic programmes. Games remain one of the creative
strategies to introduce new concepts in programming in Computer
science. When the objective of teaching and learning computer concepts
has a long-term target, the context should be understood, practised, and
constantly applied to retain them. Although little has been studied on
how best the computer science concepts can be maintained through
gamification in African schools, empirical studies in some other
subjects support the GLA in the teaching and learning process. For
instance, Taheri (2014) confirmed that language games are effective and
suitable techniques for helping students retain long-term memory of

English vocabulary.

A recent literature review (Venter, 2020) offers an analysis of
research initiatives specifically focusing on applying gamification to
programming courses in Higher Education.. The review found twenty-

one papers, out of which seventeen examined gamification. Within the
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seventeen studies, most used new implementations of gamified systems
rather than adopting existing platforms (such as www.codingame.com,
KhanAcademy.org, or Kahoot). Minimal research has been done on
gamification and its effect on performance at the secondary schools that
serve as a foundation before transitioning to a tertiary learning

institution.

Equally, Njoroge, Ndung'u, and Gathigia (2013) show that by
using puzzle games, students can develop vocabulary and retention, that
it was an effective teaching strategy of vocabulary instruction compared
to the traditional one. In addition, Shabaneh and Farrah (2019) claimed
that the efficiency of games could help students retain unfamiliar
vocabulary, associate new information with their surroundings, and help

develop language and communication skills of learners.

Some studies have alluded that gamified learning activities
(GLA) improves learner motivation (Deterding, 2011). Mao et al.,

(2013), associate it with high productivity in teaching and learning
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while Pedersen et al., 2016) links it with efficiency in the learning
process. In higher education levels such as universities and colleges,
GLA has additionally, been associated with positively influencing
learners' engagement and motivation as well as enhancing academic
performance (Subhash & Cudney, 2018). Yildrim (2017) suggests that

computer games positively impact students’ academic achievement.

According to Bandura (1978), self-efficacy is a person's ability
to achieve a set of goals. People tend to get information regarding their
self-efficacy from various sources such as performance attainment,
whereby they feel competent based on previous performances; through
observing other people's performances; through negative or positive
feedback they receive upon performing a task; and from physiological
states such as stress (Bandura, 1982). |IDeci and Ryan (2000)
explain that Self-Determination Theory (SDT) is a motivational and
personality theory that describes a person's distinctive psychological

needs that drive their self-motivation and personality. In addition, it
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conditions the learner’s positive attitude towards learning, and helps to
motivate the student to learn (Ryan & Deci, (ibid).

The computer studies KCSE examination has two papers: Paper
1 (theory) and Paper 2 (practical). To improve the performance of the
compulsory question in computer studies paper one examined in KCSE
examinations, gamification in teaching and learning should be explored.
Oktaviati (2018) found that gamification can motivate and engage
students and thus make their performance more effective and attractive
to programming. According to Kim (2015), gamification can provide an
optimal context to change behaviour and improve user engagement and
performance. Caceffo et al. (2021) indicate that gamification enhances
the active participation of learners in gamified learning activities, which
translates to improved learning outcomes.
Research Objective

The objective of the study was to investigate whether there is a

difference in performance in Computer Studies between secondary
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school students utilizing gamification pedagogy and those using
conventional teaching methods (CM). Ultimately, the study tested the
hypothesis that “There is no significant difference in performance in
Computer Studies between secondary school students taught utilizing
gamification and those taught using conventional methods.”
Methodology

The study adopted a Quasi-Experimental design based on
Solomon's Four-Group, Non-equivalent Control Group Design.
Solomon's Four-Group design is rigorous enough for quasi-
experimental studies (Borg & Gall, 1989). Quasi-experimental design
involves no randomization of the subjects to the sample groups but
randomly assigning intact classes to sample groups. This design controls
all threats to internal validity except those associated with history and
maturation (Cook & Campbell, 1979). The various combinations of
tested and untested groups with treatment and control groups in the

Solomon Four-Group design ensured that confounding variables are
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minimised in the outcomes. For instance, it enabled the researcher to
check whether the pre-test affected the results. The pre-test also enabled
the researcher to assess the groups' homogeneity in terms of students'
academic level before the start of the experiment. The treatment and
control groups were recruited from different schools to avoid the effects
of experimental contamination.

The target population was the twelve public secondary schools
in Gatanga Sub-County, where Computer Studies is an examinable
subject at the Kenya Certificate of Secondary Education (KCSE) and
had an internet connection. The study utilized purposive sampling to
select a sample of four schools out o twelve schools that have internet
connectivity and were offering computer studies as an examinable
subject. The sample selected was also influenced by the need to ensure
that gamification pedagogy could be implemented during the
intervention. . Two large boarding single-sexed schools with similar

academic rating were selected: a "Boys only" and a "Girls only"
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secondary schools. In addition, the study also purposively selected two
sub-county mixed day secondary schools. The assignment of schools to
either experimental or control conditions was done using simple random
sampling.

Experimental Group schools A and B had 26 and 33 students,
respectively, while Control Group schools C and D had 36 and 47
students, respectively. The total number of students in the four groups
(schools) was 142, and this constituted the sample size for the study.
The study used Computer Studies Assessment Test (CSAT 1) — pre-test,
Computer Studies Assessment Test (CSAT 2) — post-test, and a Teacher
Gamification Training Manual. The study also used a web-based
treatment instrument, TalentLMS, an online gamified software as the
instructional package for the experimental groups. The tests were used
to measure students' academic performance, while a teacher
gamification training manual was used to train learners and teachers on

how to utilize the gamified online learning resource.
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Each student participating in the study was assigned a unique
identification number for tracking purposes in the succeeding procedure.
Furthermore, the researcher prepared all the learning and evaluation
materials using the approved Kenya Institute of Curriculum
Development (KICD) syllabus and Kenya National Examination
Council (KNEC) Computer Studies paper I. KNEC examiners and
specialists in measurement and evaluation reviewed the materials for
consistency. The researcher also prepared the user manual used to train
the teachers and students in treatment groups (E1 and E2). The teachers
received a user manual to help in delivering uniform treatment to the
groups.

Before the intervention, the researcher and the teachers agreed
on the class activities for the duration of the study to boost their
confidence during the treatment. The researcher gave a pre-test
(CSAT1) to teachers in respective schools under groups E1 and C1 for

administration. The Gamified intervention was followed in groups El
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and E2. The intervention lasted for five-weeks, and it was implemented
as an additional package for utilization after the regular teaching of the
students. The other two groups, C1 and C2, continued having normal
classroom sessions with their teachers.

At the end of the gamification intervention period, all the
students in the four groups constituting the control and treatment groups
were subjected to a post-test. The assessment sheets were administered
by Computer Studies teachers in the respective schools. However, the
marking of assessment sheets was done by the principal researcher, who
compiled the scores and gave feedback to the schools. The feedback
included assessment scripts and the marking scheme for CSAT (1 and
2). Additionally, the researchers carried out a difference to compare the
mean in academic performance for one experimental and control group
before the gamification and all four groups after the gamification
intervention on two groups. The overall response rate for those who

consented and participated in the study was 91.57%.
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Results and Discussion

The study sought to establish whether there was a statistical
difference in students’ Computer Studies scores between students taught
through gamification method and those taught through the conventional
method (CM). Students taught using the CM through teacher
explanation, questions and examples formed the control groups and,
therefore, never received any treatment. To achieve the objective, data
was collected, organised, and analysed.

Quasi-experimental research requires that both the control and
experimental groups have similar pre-trend or must fulfil the parallel
assumption property. That is, the sample in the study must have similar
entry behaviour. The students were comparable in the pre-selection
entry behaviour based on the Kenya Certificate of Primary Education
(KCPE); a summative examination done at the end of 8 years of primary
education, and used as a selection criterion for entry into high school.

The overall school entry mean score for the sample is 302 marks out of
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five hundred, with a standard deviation of forty-seven marks. The
lowest mark for the overall sample was 195, while the highest score was
367. Further, the finding reveals that the lowest entry mark student was
found in the experimental group (pre-test and post-test) while the
highest entry mark student was found in the experimental group for the
post-test.

These KCPE scores were scaled down from 500 to a 100 for
comparability with test results obtained in the quasi experiment. Figure
1 shows the comparability of the students in the groups in terms of their

high school entry scores.
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Baseline KCPE scores

Figure 1: Groups Baseline Student Mean Ability Levels by KCPE

mark (%).

In this study, a pre-test was administered to a section of the
experimental group (group E1) and a section of the control group (group
Cl) to determine the students’ entry behaviour. This follows the

Solomon four group design, where pretest is given to some groups and
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not to others to control for the pretest effect, helping guard against both
threats to internal and external validity (McGagee & Tingen,, 2009).

Table 1 reveals the finding of the pre-test.

Table 1: The Independent Sample t-test of the Pre-test Mean Scores

Group N mean  Stderror Std df t-value  p-
dev value
Pre- Cl1 34 23941 1.016741 5.928 55 -1.599 0.1202

test EI 23 28.130 2.413159 11.573 diff = mean(Cl1) -

mean(El) = -4.189258

From Table 1, the difference in their pre-test mean scores of the
C1 and El groups was 4.189. The t-test was used to check if the
difference was significant, and it returned a p-value = 0.1202 >.05

implying that the difference in the mean scores is not significant.



INTERNATIONAL JOURNAL OF PEDAGOGY, POLICY AND ICT IN EDUCATION 44
Volume 11, December 2023

To determine the effect of gamification on students' performance in
Computer Studies, an analysis of the students' post-test mean scores was
compared. The post-test (CSAT2) was administered to all groups. The
post-test was administered to enable the researcher to find out whether
the use of gamification affected students' performance. Figure 2 shows

the mean scores of the four groups after the post-test was administered.
Pretest and posttest group means

a1

Figure 2: Summary Means of Pre-test and post-tests for all groups.
Both the experimental groups E1 and E2 (E1 52.18 and E2

JUP MEANS /10%

59.54) achieved higher post-test mean scores than the control groups
C1(28.35) and C2 (51.69). This shows that gamification influenced

performance positively as compared to conventional teaching methods.
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The second hypothesis stated that “There is no significant
difference in performance in Computer Studies between secondary
school students utilizing gamification and those utilizing conventional
methods”. To test the hypothesis (HO2), ANOVA was used to compare
the performance of experimental and control groups. The results are

shown in Table 2.

Table 2: ANOVA Result for Post test

Post-  Group ss df Mean F P-value
test square
Between 179723669 3 5990.78898  26.07  0.0000**
groups
Within 29188.3812 127  229.829773
groups
Total 47160.7481 130  362.774985

** significant at .05

The result from Table 2 reveals a significance p value of =
0.0000, which is less than alpha = 0.05; the implication is that there is a
significant difference in performance between students utilizing
gamification and those utilizing conventional methods, and thus the null

hypothesis is rejected. This means that there was a significant difference
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between the post-test mean scores of the groups in the study. This
finding concurs with Sanchez, Langer and Kaur (2019) who found that
students performance in a test was higher when taught through gamified
quizzes, at least in the short term. To find out which of these groups
exhibited this significant difference, the Least Significance Difference
(LSD) post hoc comparison to know which groups were statistically
significantly different. Table 3 shows the post hoc comparison of the
post-test mean scores for the groups E1, C1, E2, and C2.

Table 3: Post hoc Comparison of the post-test Mean Scores for the

Groups

Paired Group Mean difference P-value
E1-Cl 24.42967 0.0000%**
E1-E2 -6.753106 0.1218
E1-C2 -1.086957 0.7350
CI1-E2 -31.18277 0.0000%**
Cl-C2 -23.34271 0.0000%**
E2-C2 -7.840062 0.0299 **

** significant at .05 level
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From the result in Table 3, it is observed that post-test means of
groups between E1 and C1, C1 and E2, C1 and C2, and between E2 and
C2 are significantly different at 0.05 level of significance (p < 0.05).
The significant difference between E1 and C1 shows that experimental
group outperformed the control group, showing that the gamification
treatment was effective. The findings agree with Subhash and Cudney
(2018), Khan, Amad and Malik (2017) and Pedersen et al. (2016), who
found that gamification positively influences learners' engagement and
retention of concepts for enhanced academic performance. The
significant results for C2 and E2 groups show that effect of the pre-test
coloured the results of the gamification to some extent. However, the
difference between C2 and E2 was not significant implying that there
was no interference from other external factors, and thus indicative of a
high external reliability of the study and its findings. Compared with the

Baseline KCPE data, the experimental groups performed as well as the
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baseline score or even better, while the control groups C1 and C2

performed well below the baseline.

Conclusion and Recommendations

From the study findings, it is evident that the utilization of the
gamification approach in teaching and learning Computer Studies
significantly improved students’ performance. Further, we concluded
that students’ gender plays a role in the gamified teaching and learning
of Computer Studies in Kenya. The study revealed that the
utilization of the gamification approach in teaching and learning
Computer Studies improved students’ performance more than the

traditional/conventional approach in the same subject.

Computer science teachers need to consider newer and
innovative pedagogies to complement the traditional method of teaching
computer science. The Curriculum authorities and teacher trainers

should encourage both pre-service teachers and practising teachers to
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utilize gamification pedagogy to improve student’s performance in

Computer Studies.
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