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Education prepares one for the world of work; hence, the adoption of the innovative instructional approach employed in the process
of teaching and learning is key to the attainment of this goal. Tomitigate students’ poor achievement in computer programming (CP),
innovative pedagogy (IP) was adopted to make students become active learners in classroom learning. In this study, a quasi-
experimental design was used and nonrandomized the subject with pretest and posttest. Students (N� 145) were nonrandomized to
the treatment and control groups. *e researchers conducted a repeated measure of analysis of variance to determine the change
between the experimental and control groups. Students’ attributes were tested for differences by comparing categorical data with chi-
square statistics. *e interaction effect was determined using an analysis of covariance. *e results revealed that the experimental
group’s CP achievement test results outperformed those of the control group at posttest and retention tests. Furthermore, the findings
of the study show that there is no significant difference in students’ academic achievement across ability levels and gender. Also, there
is no interaction between the pretest and the IP.*e study, therefore, recommends that computer educators should adopt innovative
teaching practices in their day-to-day teaching since it is more creative, learner-centered, and improved student engagement.

1. Introduction

Programming is the art of designing executable codes to
solve a particular task [1]. It involves analyzing tasks, de-
signing algorithms to solve a task, among others. *e art of
converting an algorithm into a computer program is called
computer programming. Computer programming (CP) is
an introductory course offered by undergraduate students to
enable them to acquire relevant skills for work [2–4]. It is,
therefore, essential to acquire basic skills and knowledge of
CP such as writing and testing code, data visualization skills,
automating machine skills, and program development skills
[5–7] to match with fast-changing trends in education and
the world of work [8]. Additionally, the educational content
of CP is constantly evolving in terms of scope as a result of
recent studies conducted in the field of computer pro-
gramming, such as evolving from assembling language to

object-orientated programming such as C, C++, and Python
[9]. Recently, effective and efficient ways of learning con-
cepts such as the Internet of things IOTs [10], cloud com-
puting, and machine learning [11] are current trends in the
fields of CP. *is contemporary trend is seen to have a
significant impact on CP’s learning content [12].

Notwithstanding the importance of CP in providing
skilled personnel and a trained workforce that will be em-
ployable in industry or for self-reliance [13, 14], the
achievement of students has continued to decline over time.
*is poor performance has become a source of worry to
stakeholders in the educational sector and employers of
labor [15–18]. Available records from the University of
Nigeria Nsukka in Enugu state have shown that the student’s
achievement in computer programming courses is on the
marginal. For instance, available records have shown that
between the 2014 and 2018 academic sessions 370 candidates
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that sat for CP exams had the following grade represented:
20% scored above 60 marks while 80% scored less than 50
marks. *is poor academic achievement in programming is
attributed to several factors such as teaching methods
employed [19, 20], learning style employed by the students
[21, 22], and large class size [1]. In Nigeria, most lecturers are
still using traditional talk and chalk which does not effec-
tively facilitate learning [23–28].

Research has shown that teaching methods influence
students’ academic achievement [29–32].*e author stresses
that the traditional method/lecture method (LM) focuses
more on the standardized test without giving students room
to think out a solution to a problem; thus, students are
constrained to rote learning [33]. According to [34],
problem-solving skills are not encouraged in the traditional
method of teaching because it lacks flexibility and cannot
meet today’s educational needs of learners and society with
regard to hands-on training or skill acquisition [35–37].

Today, efforts are made by educational stakeholders to
bring about curriculum reform that advocates for a learner-
centered approach to teaching in schools [38, 39]. *ese
reforms focus on the introduction and adoption of modern
innovative pedagogy, which helps students’ skill develop-
ment and application of critical thinking in problem-solving
when it comes to CP [40]; self-directed learning [41] and
working collaboratively are essential [42]. IP tends to mean
improving the existing teaching and learning methods in a
creative but value increasing way [43, 44]. IP is the inclusion
of modern teaching techniques to enhance teaching and
learning [45, 46]. As IP is about doing things in a new or
different way, it is critical to use appropriate methods that
guarantee improved learning outcomes [47].

Literature has identified IP for enhancing teaching and
learning including virtual reality, task-based learning,
crossover learning, learning through argumentation, flipped
learning, context-based learning (CBL), peer-facilitated
tutoring, and problem-based learning (PBL) [48, 49]. For
instance, CBL is a flexible modern method that quickly
integrated technology into the learning process. It is a
method of teaching that allows a learner to explore their
environment in teaching and learning. *at is making use of
real-life examples to explain the concept under study. Many
scholars have defined CBL in different ways. According to
[50, 51], CBL refers to learning theoretical concepts and
involves using invented and real-life examples in the
teaching environment to understand the practical experi-
ence and actual subject matter. CBL is a learning strategy
driven by the real-world context, culture, and tools in the
learning environment [52]. CBL is a learner-centered ap-
proach and applies skills to solve an identified problem [53].
CBL has successfully been implemented in education [54],
medicine [55] and technology education [56], and chemistry
[57] and is seen to improve learning outcomes as much as a
problem-based learning approach.

Similarly, PBL is another IP that empowers the learner to
combine theory and practices and skills to develop solutions
and apply knowledge [58, 59]. PBL provides an environment
in which students can draw upon prior knowledge. It
presents the learner with an ill-structured, open-ended, real-

world problem, and students work in a small group to solve
learning needs and develop a solution for the identified
problem. Problem-based learning has been employed in
many disciplines, for example, business education [60],
medical education [61], social work education [62], health
education [63], and engineering education [64]. In engi-
neering education, it has proved to aid retention, motivate
students, and improve achievement. Additionally, research
has demonstrated that problem-based learning enhances
students’ problem-solving abilities [65], reasoning skills and
analytical [66], interpersonal skills [67], self-directed
learning skills [68], attitudes toward the course or subject
[69], academic achievement, and long-term knowledge re-
tention [70, 71]. PBL has gained traction in the field of
computer science and engineering, such as algorithms [72],
digital design [73], and communication systems [74]. It also
improves student retention [75], motivation, decision
making [76], and deeper learning [77]. Owing to the strength
of CBL and PBL approaches, its adoption as active learning
in teaching and learning of CP is likely to help address
students’ achievement and retention in the learning of the
computer programming course. It is therefore hoped that
utilization of an IP (CBL and PBL) approach in teaching and
learning CP can help improve students’ higher-order
thinking, communication, problem-solving, and informa-
tion retrieval which are required to become an efficient
programmer. Additionally, it strengthens information ac-
quisition and practical skills necessary for achievement and
resolves real-world situations in CP.

*e student’s active participation in IP sessions has been
influenced by many factors such as gender, socioeconomic
background, educational resources, background knowledge
level of students, age, and ability level [78–80]. *e ability
level of an individual is the observed level of performance in
achieving a particular task.*is ability differs from person to
person as a result of the cognitive or health development of
an individual [81, 82]. Studies have shown that student
ability level affects the students in the learning process
[83, 84]. Some studies have also shown that instructional
strategies employed by the teacher influence the achieve-
ment of low-ability students [85, 86]. However, [87, 88]
argue that higher-ability students achieve better than low-
ability ones. *is study, therefore, sought to assess the ef-
fectiveness of IP interaction on students’ academic
achievement and retention in computer programming.

1.1. Hypotheses

Hypothesis 1: there is a significant difference in the
mean achievement scores of students taught CP using
IP and those taught using LM
Hypothesis 2: there is a significant difference in the
mean achievement scores of male and female students
taught computer programming using IP
Hypothesis 3: there is a statistically significant differ-
ence in the mean achievement scores of CP students
exposed to IP in the low-ability, medium-ability, and
high-ability groups
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Hypothesis 4: there is a statistically significant inter-
action effect between gender and the mean achieve-
ment scores of students taught CP using IP

2. Method

2.1. Ethical Consideration. Ethical approval was taken from
the Postgraduate Board of Department of Computer and
Robotics Education University of Nigeria Nsukka as a
Master’s Postgraduate research for the first author while the
second author is the supervisor. A consent form was ob-
tained from the department.

2.2. Design. *e design of this study was nonrandomized
control groups. According to [89], a quasi-experimental
design is one in which intact classes or preexisting groups
serve as the experimental and control groups rather than
random sampling and group assignment. *e intact group
was utilized in this study to avoid interfering with normal
school schedules and activities at the universities that par-
ticipate in the study. However, the intact classes were
randomly assigned to the experimental and control groups
through a toss of a coin. Any intact class that scores a head
was assigned to the experimental group (IP) and any class
that scores a tail was assigned to a control group (LM) as
shown in Table 1.

2.3. Participants. *e study participants consisted of 145 CP
year two students in public universities in Enugu state,
Nigeria, which met the inclusion criteria for the research.
STATA software was used to find the sample size [90]
depending on the magnitude of the effect of power
(1 –B� 0.8), alpha (a� 0.05), and effect size of F� 0.26, as
shown in Figure 1. *e researcher obtained written per-
mission from the departments of computer science educa-
tion at Enugu State University of Science and Technology
(ESUT) and the Computer and Robotics Education De-
partment at the University of Nigeria Nsukka (UNN) before
the conduct of the study. Table 2 presents the demographic
data of the students.

*e study enrolled a total of 145 students. *e experi-
mental group consisted of 34 (40%) male students and 51
(60%) female students, whereas the control group consisted
of 23 (38.8%) male students and 37 (61.6%) female students.
From the analysis of the Chi-square table, it can be observed
that there is no significant difference between gender and the
ability of the students. Out of those in the experimental
group, 37 (43.5%) had low ability (aptitude), 22 (25.8%) had
the medium ability (aptitude), and 26 (30.5%) had a higher
ability (aptitude), and in the control group, 40 (66.6%) had
low ability (aptitude), 20 (33.3%) had a medium ability
(aptitude), and 25 (41.7%) had the higher ability (aptitude).

2.4. Procedure. *e researcher visited the public universities
accredited by the national university commission (NUC) in
the study area. *e University of Nigeria Nsukka was used
based on the required facilities: second-year students with

two streams of lecturers with five years and above working
experience, with a class size of 85 students. *e research
assistant screened the students by using some criteria for the
selection of students for the study. Such criteria include the
following. Students should have 75% attendance rate stip-
ulated by the university for a student to be qualified to write
any examination and must have passed the course CP (COS
201). Also, students possess study materials and amanual for
the course and a functional computer system (laptop). *e
students must have registered for the course in the university
portal, and a consent form should be signed by the student.

Table 1:*e randomized pretest and posttest control group design.

Group Non-
R Pretest Treatment Posttest Retention

Experimental
(E) NR O1 X O2 O3

Control (C) NR O1 — O2 O3
NR: nonrandom assignment of 145 second-year students; O1: pretest
administered for experimental and control groups, respectively; O2:
posttest administered for the control and experimental groups, respectively;
O3: retention test administered for the experimental and control groups; X:
treatment for innovative pedagogy; —: no treatment.
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Parameters: α = 0.05, 1–β = 0.8, N1 = 68, N2 = 68, δ = 2, μ1 = 18, σ1 = 3, σ2 = 5

Estimated total sample size for a two–sample means test
Satterthwaite's t test assuming unequal variances

H0: μ2 = μ1 versus Ha: μ2 ≠ μ1

Figure 1: Sample size determination. *e study participants
consisted of 145 CP year two students in public universities in
Enugu state, Nigeria, which met the inclusion criteria for the re-
search. STATA software was used to find the sample size [90]
depending on the magnitude of the effect of power (1 –B� 0.8),
alpha (a� 0.05), and effect size of F� 0.26.

Table 2: Demographic data of students demonstrating the equality
of baselines.

Characteristics IP group n
(%)

Control group n
(%) X2 Sig

Gender
Male 34 (40%) 23 (38.8%) 0.474 NSFemale 51 (60%) 37 (61.6%)

Previous
experience

Low ability 37 (43.6%) 40 (47.1%)
0.74 NSMedium ability 22 (25.9%) 20 (23.5%)

High ability 26 (30.5%) 25 (29.5%)
IP: innovative pedagogy; NS: not significant; X2: Chi-square.
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A simple nonrandomization technique was used where
the study’s intact classes were divided into experimental and
control groups at random through a toss of a coin labeled EG
(experimental group) or CG (control group). 60 students
were in the control group while 85 students were in the
treatment group.*e student’s ability group was determined
using student’s achievement scores obtained from intro-
duction to CP (COS201) in their first-semester course ex-
amination of the two universities.

Based on the ability group, the experimental group has
n� 85 students (low ability, n� 37; medium ability, n� 22;
and higher ability, n� 26) and the control group (low ability,
n� 40; medium ability, n� 20; and higher ability, n� 25). An
attendant policy of a minimum of 75% by the university
council was strictly adhered to; in other words, to control for
attrition, attending lab sessions and solving questions in the
lab manual, including continuous assessment, were man-
datory for students. *e research assistants also doubled as
lecturers and technologists to ensure students’ active par-
ticipation. *e researcher organized a five-day workshop for
technologists and lecturers on the training of IP packages
developed for the study. Hence, each training session lasted
about an hour before the commencement of the experiment.

*e initial knowledge of students’ academic achievement
was determined using a pretest for both groups. After the
pretest, an intervention was conducted on the treatment
group and not included in the control group. *e researcher
developed an IP package after taking into account the
Maastricht seven-jump model [91], the developmental
procedure for the PBL model [92], the developmental
procedure of CBL [93], and Olelewe developmental pro-
cedure on IP [21]. *e intervention package consists of an IP
lesson plan and IP instruction manual developed by the
researcher after review from a selected expert in the field of
CP. *e package serves as a guide for the lecturer, tech-
nologist, and the students during the teaching and learning
process such as instructional objectives, strategy, problem
situations, instructional materials, students and teacher
activities, assessment, instructional procedures for the stu-
dents, experimental procedure, and group task activities.*e
IP package was developed by the researcher (Appendix C).

*e treatment for the two groups lasted for ten weeks of
2 hrs per session (2 hrs twice each for lecturer and lab
sessions every week). With a post-posttest that was ad-
ministered five weeks after the posttest, there were three tests
at three different times: pretest (CPAT), posttest (CPAT2),
and post-posttest (CPRT). Pretest was reshuffled and
readministered as posttest and post-posttest for the two
groups. *e researcher used the blinding technique to
conceal the assignment sequence to control for selection and
expectation bias. *is also helped to avoid lecturers and
students manipulating and predicting the sequence of
assignments.

Also, to control for newness to experiment such as
control of novelty effect, the researcher keeps learning
environmental condition, duration in teaching, topics
covered, facilities used, the language of instruction, and
teaching time and scope covered that were the same for
both classes [94–96]. Furthermore, before the experiment,

there was an interaction between the students and teacher
on IP procedure two weeks before the start. *is was to
enlighten the students and divide the students into five
different groups—each with a name tag and identification
name as suggested by the students. *e name tag was
presented in the first session, followed by the problem the
students want to solve. *e students started from known to
unknown; each group discussion led to the knowledge
building and development of a hypothesis to solve the
identified problem. Each session that ends, students can
independently study to learn more about the problem
discussed. Students surfed the Internet and visited the li-
brary for more information about the identified problem.
In the next discussion session, the students shared infor-
mation from a personal study based on the problem
identified through presentation and peer discussion to the
group. Each group leader presents the solution to the group
session of what they learned in the individual group. *e
ending part of the session is used for the group leader to
harmonize and share their group experience, discovery, or
findings with other groups’ members.

With regard to the control group, the LM followed a
standard procedure using the lesson plan prepared by the
researchers. It covers the same subject matter and content
area as the experimental group.*e students were allowed to
use different textbooks and study material in the cause of the
study. *roughout the intervention time, the control group
students used LM as the same lesson duration as the ex-
perimental group.

2.5. Measures. *e Computer Programming Assessment
Test (CPAT) comprises 35 multiple-choice questions based
on the computer programming (CP) course material as
shown in Appendix B. *e study used the CPAT as a
pretest, posttest, and posttest instrument. Blooms Taxon-
omy of the cognitive domain [97] following the table of
specifications was used (see Appendix A). CPAT of about
60 questions items were adopted (https://www.
tutorialspoint.com 2019) to find the adequacy in line
with the current sample to determine the psychometric test
analysis of CPAT (see Appendix B). *e distraction index,
discriminant computed index, and difficulty index from the
student’s scores were used. Out of 60 questions, 25 were
discarded while 35 were used. *e 35 items have a dis-
traction index of 0.50–0.80, a discriminant index of 0.05,
and the difficulty index of 0.40–0.50. *ere were 70 points
for the 35 questions, 2 points for the correct response, and 0
points for the inappropriate response. *ree experts who
are senior lecturers with over 10 years of teaching expe-
rience were used to establish the content validity while
Kuder-Richardson K-R 20 was used to establish the reli-
ability of the instrument which yielded an index of 0.87. To
establish the instrument’s dependability, a test-retest
procedure was utilized on a representative sample of 40 CP
students from Nnamdi Azikwe University in Awka within
two weeks. Reliability ability estimate [98, 99] is considered
because all the items’ scale does not have difficulty levels
that influenced the choice of using K-K20.
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2.6.DataAnalysis. SPSS (version 23) was used to analyze the
data, and the significance threshold for all tests was set at
0.05. An analysis of covariance (ANCOVA) was deemed
adequate for determining the difference between the
treatment’s initial effects on the dependent variable. Again,
because the study involved pretest and posttesting, intact
classes, the statistical technique used to analyze the hy-
pothesis allowed the researcher to correct for the initial
group difference. ANCOVA was used to compare the means
of the two groups. Simultaneously, the Chi-square test was
used to find out whether the demographic data of the
participants (students) were comparable in terms of their
characteristics.

3. Results

Conducted analysis of variance (ANOVA) to determine
whether there is a significant difference in the mean
achievement scores on the computer programming
achievement exam (CPAT) between students exposed to IP
and those exposed to LM. Table 3 summarizes the results for
students in the experimental and control groups throughout
three evaluation periods. *ere was no baseline difference in
CPAT scores between the two groups at the time of the
pretest (F [2.145]� 3.516, P � 0.175) (see Table 3). Post-
intervention outcome revealed a significant increase from
pretest to posttest (F [2.145]� 65.77 P< 0.001) for the ex-
perimental group, whereas the control group showed no
significant difference over the same duration. *e post-
posttest also showed a significant increase in CPRTscore (see
Table 3).

*e hypothesis that there is a significant difference in
CPATachievement scores betweenmale and female students
taught using IP was tested using ANOVA. Table 4 shows that
there is no significant difference in student achievement
scores by gender (F [1.84]� −0.705, P � 0.412), with mean
scores and standard deviation for male (72.21 and 12.25) and
female (64.54 and 10.54) students, respectively, in the ex-
perimental group using the CPAT.

According to the hypothesis, there is no significant
difference in CPAT achievement scores between students
with low-, medium-, and higher-ability levels exposed to
IP. As shown in Table 5, there was a considerable disparity
in students’ achievement scores according to their ability
level (F [1.84]� 78.432, P< 0.001); the pretest result ranges
between low (16.84 ± 1.22), medium (23.45 ± 0.88), and
higher (36 ± 1.62) students using CPAT (see Table 5).
However, in the posttest and retention scores, there was no
substantial difference in achievement scores, according to
the results. At posttest score, F [1.84] � 4.201, P � 0.132,
with the following ability levels: low (46.24± 4.42) medium
(48.40± 3.22), and higher ability (49.64 ± 4.22). At reten-
tion score, F [1.84] � 4.032, P � 0.101, with the following
ability levels: low (45.54 ± 1.54), medium (48.94 ± 2.40),
and higher ability (50.04± 5.53).

Furthermore, to determine if treatment and gender
ratings had a substantial interaction impact on CP stu-
dents taught using IP and those taught with LM with
regard to gender, ANCOVA was conducted as shown in

Table 6. As the significant level corresponding to the
group∗gender is 0.935 which is greater than the 0.05 level
of significance, no interaction effect of pretest and in-
novative pedagogy was observed. Also, Figure 2 shows a
graphical mean achievement score of LM (control
groups) and IP (experimental group); the parallel line
shows no interaction effect. *is means that the exper-
imental group achievement was not affected by the
pretest. *erefore, experimental group achievement
scores performed significantly better than the control
group.

4. Discussion

*e results revealed that students taught using innovative
pedagogy (CBL and PBL) had higher achievement means
scores in computer programming than those taught using
LM (see Table 3). *is finding is in line with [100] stating
that the use of innovative teaching improved academic
achievement in Mathematics. Also, there is a significant
difference as shown in Tables 5 and 6 between the mean
academic score of students taught computer programming
using innovative pedagogy and those taught using lecture
methods. *e result shows that gender differences did not
significantly affect students’ academic performance scores
in computer programming when students were exposed to
IP. *ese results are in line with the study of [101], which
shows that female and male students reached the same par
and will continue to enhance student achievement. From
the current and previous studies, one can deduce that
female and male students can collaborate and compete
favorably in a given course of study [102, 103]. Table 6 also
indicates that there is no interaction effect, therefore
confirming that there is a difference between the treatment
and control groups. *ese findings support the view of [54]
that the traditional method of teaching has been improved
with newer pedagogical approaches. Furthermore, the
findings of this research work indicate that there is a
notable disparity in the academic achievement of students
who employed innovative teaching methods, as opposed to
the LM [104–106]. *us, these findings are consistent with
those of [107], who found that using innovative teaching
methods aids students with low, average, and higher ability
levels in math, meaning that there were significant dif-
ferences in IP on student performance at all three levels of
ability. Reference [108] also found that using IP enhanced
student performance and helped in reducing diversity
among students. Hence, as shown in Table 5, there was a
considerable disparity in students’ achievement scores
according to their ability level.

Perhaps, the findings of this study can be attributed to
students being actively engaged in the learning activities as-
sociated with computer programming. According to [109], the
use of active learning strategies helped students in achieving
mastery of higher-level programming skills through critical
thinking, problem-solving, and collaborative learning. *us,
with IP integration, teachers were able to maintain concen-
tration and deep learning among the students which is why the
treatment group outperformed the control group in computer
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programming. Also, the structured content, students’ curiosity,
and eagerness to learn as well as active participation in the
teaching and learning process [33, 34, 36] are indicators of better
performance. Based on this, current studies have established
that a combination of traditional teaching methods with active
teaching techniques like context-based learning, problem-based
learning, among others is an effective means of achieving in-
novative teaching and learning of practical skills and theory
[110]. *is implies that the adoption of IP in teaching and
learning of CP helped to promote active participation, en-
courage monitoring of learnings progress, and also aid the
students to work collaboratively and promote research among
university students. Implication for the study is that imple-
mentation of innovative pedagogy in the teaching and learning
computer programming will help to provide an enabling en-
vironment for students to engage in active learning that is
characterized by learner-centeredness rather than a teacher-
centered approach and thus be able to explore collaboration and
teamwork as well as improvisation for facility inadequacies in
universities in Enugu state. Furthermore, another implication is
that innovative pedagogy exposes learner through real-life
experience and provide a working environment, work habits,
competencies, and skills required for the world of work.

4.1. Suggestion forFurtherStudies. *e following is suggested
for further research. A study should be conducted to in-
vestigate the challenges and capacity-building needs of
universities for the effective application of modern in-
structional techniques such as big data and others for the
quality teaching of students. Also, a study should be carried
out to determine the effect of context-based learning and
problem-based learning on students’ achievement and in-
terest in computer hardware maintenance courses in tertiary
institutions in Nigeria. Finally, this study should be repli-
cated in other geopolitical zones of the country such as
south-south, northwest, and northeast.

4.2. Limitations of the Study. Despite the positive outcome of
this study in favor of innovative pedagogy utilization, one of
its weaknesses is the study’s small sample size; hence, one
may wonder about the efficacy of the research in terms of
generalization of the research findings. Low statistical power
from a small sample size, according to [111], is that the
sample size is not bad for generalization. Accordingly, a
small sample size reduces the likelihood of identifying an
actual effect.*e sample size, however, has no bearing on the

Table 3: ANOVA summary statistic on computer programming student’s academic achievement.

Test Treatment group (n� 85) M± SD Control group (n� 60) M± SD DF F Sig.
Pretest 25.27± 11.76 22.24± 7.03 (2.145) 3.516 0.175
Posttest 66.41± 11.402 55.28± 8.69 (2.145) 65.80 0.001
Retention 73.20± 8.71 57.66± 6.74 (2.145) 131.885 0.001
M�mean; DF� degree of freedom; F� f-ratio; SD� standard deviation.

Table 4: Summary of ANOVA statistic of treatment group with respect to gender.

Test Male (n� 34) M± SD Female (n� 51) M± SD df F Sig
CPAT 72.21± 12.25 64.54± 10.54 (1.84) 0.705 0.412
M�mean; SD� standard deviation; CPAT�computer programming achievement test; F� f-ratio; df� degree of freedom.

Table 5: Summary of ANOVA statistics of the experimental group with respect to ability levels.

Test LA (n� 37) M± SD MA (n� 22) HA (n� 26) M± SD df F Sig.
Pretest 16.84± 1.22 23.45± 0.88 36± 1.62 (1.84) 78.435 <0.01
Posttest 46.24± 4.42 48.40± 3.22 49.64± 4.22 (1.84) 4.201 0.132
Retention 45.54± 1.54 48.94± 2.40 50.04± 5.53 (1.84) 4.032 0.101
M�mean; LA� low ability; MA�medium ability; HA� the higher ability; F� f-ratio; df� of freedom; SD� standard deviation.

Table 6: Test of an interaction effect between the impact of the subjects (ANCOVA) for computer programming.

Source Type III sum of squares df Mean square F Sig. Partial eta squared
Corrected model 3280.515a 4 820.129 8.676 0.000 0.348
Intercept 23303.669 1 23303.669 246.512 0.000 0.791
Pretest 71.259 1 71.259 0.754 0.388 0.011
Group 1508.307 1 1508.307 15.955 0.000 0.197
Gender 1089.488 1 1089.488 11.525 0.001 0.151
Group∗Gender .640 1 0.640 0.007 0.935 0.000
Error 6144.685 65 94.534
Total 276772.000 70
Corrected total 9425.200 69
aR squared� 0.348 (adjusted R squared� 0.308).
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current investigation because, according to [112], if the
power of a statistical test is between 0.80 and 1, the result
would be affected. See Table 2; the sample size did not affect
the study; therefore, the sample size is suitable for this study.
Another limitation is the quasi-experimental research design
where randomization is not feasible because of intact class.
Hence, the imbalance between sample sizes may be a source
of bias to the result. *is study equally recommends that
future research should aim at determining the efficacy of IP
by considering a larger population.

5. Conclusion

*e study added to the body of knowledge by demonstrating
the efficacy of IP and LM on academic achievement and
retention of students in CP. Based on the findings of this
study, the study concludes that the use of innovative ped-
agogy greatly enhanced undergraduate students’ academic
achievement and retention in computer programming.
Hence, the need for IP in teaching and learning CP in
universities is warranted since CP has to do with the hands-
on training, real-world application of knowledge and skills
necessary for employment, and a self-reliant and indepen-
dent individual that can effectively and efficiently program
and build simple applications. *us, computer science
lectures are encouraged to employ innovative pedagogical
approaches that can be effectively combined to achieve active
learning across learning experiences particularly in com-
puter science subjects at the university level of education in
Nigeria.
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domain following the table of specifications. CPATof about
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