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Abstract

This study investigated the effect of the use of computer simulation on learners’ achievement in chemistry
at the Senior Secondary School level. It also examined the effectiveness of computer simulation on
students’ higher-order cognitive achievement. The study was conducted in Ado-Odo-Ota Local
Government Area of Ogun State, Nigeria. Two schools were purposively selected within the area of study.
The research design was a quasi-experimental design using the pre-test, post-test non-equivalent group
design. The instrument used to gather data was the electrolysis and electroplating achievement test
(EEPAT) which had a reliability coefficient of 0.76. A total of 83 SS2 chemistry students comprising 51
females and 32 males participated in the study. The experimental group was taught with the aid of
computer simulation while the control group was taught with the traditional lecture method. The data
(pre-test and post-test scores) collected was anlaysed using ANCOVA since the participants were not
randomly assigned to the groups. The study found a statistically significant difference between the
performance of students taught using computer simulation and those taught with the traditional lecture
method [F(1,80)=49.34; p< .05]. It was also found that the experimental group showed superiority over
the control group in higher-order cognitive achievement. Hence, the study concluded that computer
simulation is a useful facility for improving students’ performance in chemistry and promoting
meaningful learning. Based on the findings of this study, we recommended that the government and
school proprietors should strive to provide the basic technological facilities such as computers,
projectors, projector screens, and internet facilities that will be needed by the teachers to deliver
effectively. To ease this demand, we advise that school authorities and the teachers look in the direction
of improvisation where necessary and possible.
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INTRODUCTION

The persistent underperformance of secondary school students in chemistry in Nigeria (both in internal
and external examinations) has attracted the attention of several science educators and researchers across
the country (Ademola, 2020). Series of interventions had since been trial-tested in different parts of the
country with a singular aim of improving the performance of secondary school students in chemistry.
However, as noted by Oladejo (2018), majority of these interventions only focused on how to teach
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chemistry in the classroom while paying little or no attention to the learning resources peculiar to teaching
and learning of the subject. To learn chemistry and learn meaningfully, teachers and students must engage
in well-planned hands-on learning activities which take place in the laboratory.
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Figure 1: Interventions to improve students’ performance in chemistry (Oladejo, 2021)

The laboratory plays a central and distinctive role in the meaningful learning of science, and science
educators have suggested that there are rich benefits in learning that accrue from using laboratory
activities (Akinola & Oladejo, 2020). Contrary to this fact, more often than not, classroom teaching and
learning of chemistry at the secondary school in many schools in Nigeria ends with talk and chalk
exercises. In a study conducted by Okebukola, Oladejo, et al., in 2020(a) on chemical safety awareness
and practices of Nigerian students, over 1,240 senior secondary students were sampled from private and
public schools in Lagos and Ogun states. As reported in the study, about 85% of the participants attested
to a lack of awareness of safety practices in the laboratory as a result of either no laboratory in their
schools or lack of reagents and apparatus to work with.

Of particular interest to this study is working towards the attainment of sustainable development goal 4
(SDG4) which borders on quality education; while there are several indicators through which the
attainment of this goal is being measured, the summary of report of the voluntary national review (VNR)
conducted in 2020 (UN SDG report, 2020) indicates that there is much left to be desired and that Nigeria
needs to increase the resources to provide quality education. The provision of quality education does not
only score the attainment of SGD4, but it will also help to fast track the attainment of other goals such as
SDG 1 (end poverty), SDG 2(zero hunger), SDG 9 (industry, innovation, and infrastructure) and SDG 10
(reduced inequalities)

Beyond 2030, is the desire to achieve the “Africa We Want” as envisioned by African Union (AU)
agenda 2063. Aspiration one of the agenda indicates the interest of African leaders to build a prosperous
continent based on inclusive and sustainable development; an Africa where the people will have a high
standard of living and quality of life, sound health, and well-being. It is evident from the provisions of
this aspiration that the knowledge of chemistry is paramount to its attainment, after all, quality life needs
quality food; sound health needs quality medical provisions (all of which are corollaries of chemistry)and
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without competent chemists, it will only remain a mirage. As also reported by Okebukola et al., (2020a),
in the march to attain the goals of the African Union Agenda 2063, there is an increased need for
professionals in chemistry-related disciplines which can only be achieved if we address the reduced
pipeline of chemistry students coming from the secondary school to higher education level.

They noted for example that there has been a sharp drop in the number of students who enroll to study
pure chemistry or chemistry-related courses at the university level in Nigeria and that this has led to the
close-down of industrial chemistry as a course in not less than 10 universities out of about 25 running
degree programmes on pure, applied and industrial chemistry. Among others, one major factor accounting
for this drop remains the perceived learning difficulty attached to chemistry right from the secondary
school level due to poor learning environment, incompetent teachers, and lack of adequate learning
resources (Ademola, 2020;0ladejo, 2020).

Most schools are built without adequate provision for learning resources. No
libraries, no laboratories, where they exist, they are either inappropriate to
student’s ratio and or poorly equipped. Why? The cost implication of
procurement and maintenance of laboratory equipment; Chemicals are not so
cheap, glassware are bound to break, laboratory hazards can occur and students
are bound to make series of trial and error using consumables before coming on
point. Truly, all these can be very expensive to keep up with as expected. For
many developing nations including Nigeria, meeting educational needs is
complicated by limited financial, material, and human resources, the
accelerating demand for education at all levels, and persistent poverty and equity
concern (Oladejo & Ebisin, 2021).

Nonetheless, the traditional emphasis on hands-on experiences as an indispensable part of good and
adequate training in sciences cannot be deemphasised. The world is changing fast, nations are developing
at a rapid rate, education; science and technology are the obvious secrets. We can no longer continue to
accept educational outcomes that reflect a wide discrepancy between the set goals highlighted in the 6th
edition of our National Policy on Education and actual accomplishments. It is time to adopt fresh
approaches that are relatively affordable, potentially viable, sustainable, and relevant to the nature and
needs of today’s learners and the modern global economy. One of these approaches is the use of new
technologies in the classroom to support and enhance teaching-learning activities and outcomes (Akinola
& Oladejo, 2020).

Today’s learners have generally been adjudged as native speakers of the digital language of computers
and the internet which is characterised by multimedia functions. These functions have the potentials to
arrest and sustain learners’ interest (entertaining), focusing and directing their attention towards particular
instructional objectives (information), and guiding learners on a planned set of activities (instructing) with
a singular goal of enhancing behavioural change in a pleasurable manner. Thus, whatever pleases, teaches
effectively (Akinpelu, 2011).

This pleasurable attribute is peculiar to the digital natives and if effective communication must take place
between the teacher and learner (the business of teaching and learning), then the teacher must use the
language that the learner understands and in an environment that is preferred. Computers and other
information and communication technologies have since been employed in the classroom to support and
complement what teachers do naturally and to facilitate the process of knowledge acquisition on the part
of the learners. In recent years, many scholars have studied the influence of computer technologies on
how people think.
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Neurobiologists have investigated the possibility of a relationship between the learning capabilities
(information processing) of young ones and the use of technology. This has attracted the attention of
educators to study the technology-induced capacity of young learners, which enables them to think and
process information in a totally different way from their predecessors (Prensky, 2001). The impact of
computer technologies on education has been so considerable that it has led to the appearance of new
educational philosophies such as “Digital Wisdom”. Prensky (2009) concluded that digital technology
does not only make people smarter but also wiser. As a result, he defined “Digital wisdom” as the
wisdom that arises from the use of digital technology in order to access cognitive capabilities beyond our
innate ability. Bradberry-Guest (2011) reported that technology-supported instruction helps students to
improve their higher-order thinking skills.

Functionally, computer technologies are used in the teaching-learning process as instructional media to
make up for the deficiencies of the traditional instructional approaches with respect to time, place, speed,
consideration for individual differences, and overall efficiency. Oladejo (2018) emphasised that the
principal role of instructional media is to help improve the overall efficiency of the teaching-learning
process and that improved efficiency can manifest itself in the following ways: increasing the quality of
learning or the degree of mastery; decreasing the time taken for learners to attain desired goals; increasing
the efficiency of teachers in terms of the numbers of learners taught without reducing the quality of
learning; reducing cost, without affecting quality; and increasing the independence of learners and the
flexibility of education and training provisions.

The use of computer technologies to aid learning is usually manifested as programmed instruction which
is an individualized and systematic instructional strategy found quite useful for classroom instruction as
well as self-learning or auto-instruction and do come in different modes. Of particular interest to this
study is a form of computer-assisted instruction which can be used to provide training involving real or
imaginary systems to students, with less risk and expense - a programmed instruction called Computer
Simulation. A computer simulation is a computer programme that creates animated, interactive, game-like
environments, which focus on connecting real-life phenomena to the underlying science. Within this
process, it makes the visual and conceptual models designed by experts and scientists simple, so that they
can be understood by learners (Vallverdu, 2014). Computer simulation is about modelling or creating a
process, activity, or behaviour in a virtual domain.

In computer simulations, students have opportunities to receive supplemental contacts with the variables
tested in real experiences or hazardous ones. Students can be active during the simulated experiment by
identifying the study problem, writing in their notebooks their hypotheses, planning and performing a
simulated experiment, gathering results, collecting data in their notebooks, plotting these data back in the
computer, and using the data for drawing tables and graphs (Huppert, Lomask&Lazarovvitz,2002).

According to Michael (2000), computer simulation can afford learners numerous advantages such as
providing the students with the opportunity to engage in activities that may otherwise be unattainable,
enhancing academic performance and learning achievements of students, and being equally as effective as
real-life hands-on laboratory experiences. In addition, computer simulation has the potential to provide
students with the opportunity to observe and learn the sequential and stepwise actions and reactions that
occur in a given or typical phenomenon or situation. Computer simulation is becoming an essential
learning resource as it perfectly meets the nature of today’s learners with respect to their love for visuals.
One would almost agree that the world is at a point where the culture of reading is no longer loudly
pronounced and is being replaced by social media interaction, tele-viewing, watching, seeing, and or
visualising. Most teachers ask the question “why do my students remember everything they see or watch
on the television and forget what I teach them in class”? — According to Willingham (2007 p.8), the
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answer is “bring television (or other audiovisuals) to the classroom”. In the words of Gray (nd cited in
Baker, 2012:np), “We are a visually literate society, three R’s (read, write and arithmetic) are no longer
enough. Our world is changing fast—faster than we can keep up with our historical modes of thinking and
communicating. Visual literacy—the ability to both read and write visual information; the ability to learn
visually; to think and solve problems in the visual domain—will, as the information revolution evolves,
become a requirement for success in business and in life.”

The objectives of this study are to:
i. investigate if there will be a difference in the performance of chemistry students taught usingthe
traditional lecture method and those taught using computer simulations.
ii.  find out if the use of computer simulation in instructional delivery will enhance the higher-order
cognitive achievement of chemistry students in senior secondary school.

The following questions are posed to guide this study:
i.  To what extent would the students taught with computer simulation perform better than those
taught with the traditional lecture method?
ii.  What is the statistical significant difference in the higher-order cognitive achievement of students
taught using computer simulation and those taught with the traditional lecture method?
The study is segregated into four sections. Following the introduction is the theoretical framework, the
study method, result and analysis; last, conclusion and recommendations.

THEORETICAL FRAMEWORK - The Cognitive Theory of Multimedia Learning

Following the several productive efforts in cognitive psychology, cognitive science, and cognitive
learning, the presence of technology in our everyday endeavour, particularly in teaching-learning
activities as resulted in the fundamental hypothesis underlying research on multimedia learning is that
multimedia instructional messages that are designed in light of how human mind works are more likely to
lead to meaningful learning than those that are not (Mayer, 2005).

It infers that despite the assertion that humans learn more deeply from words and pictures than from
words alone, simply adding pictures to words does not guarantee an improvement in learning. According
to Mayer (2005), the cognitive theory of multimedia learning is based on three assumptions that rest on
the cognitive science principle of learning. The cognitive theory of multimedia learning is of the
assumption that:
i. human information processing system includes dual channels for visual/pictorial and
auditory/verbal processing;
ii.  each channel has limited capacity for processing information; and
iii.  active learning entails carrying out a coordinated set of cognitive tasks which include filtering,
selecting, organizing, and integrating information.

Table 1: Five Cognitive Processes in the Cognitive Theory of Multimedia Learning

Process Description

Selecting words Learner pays attention to relevant words in a multimedia
message to create sounds in working memory

Selecting Images Learner pays attention to relevant pictures in a multimedia
message to create images in working memory
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Organizing words Learner builds connections among selected words to create a
coherent verbal model in working memory

Organizing images Learner builds connections among selected images to create a
coherent pictorial model in working memory

Integrating Learner builds connections between verbal and pictorial
models and with prior knowledge

Source: Mayer 2005

Table 2: Five forms of Representation in the Cognitive Theory of Multimedia Learning

Type of knowledge Location

Words and pictures Multimedia presentation
Acoustic and iconic Sensory memory
representations

Sounds and images Working memory
Verbal and pictorial Working memory
models

Prior knowledge Long-term memory

Source: Mayer 2005

The perspective of this theory (as highlighted in tables 1&2) could be built on the tenets of the use of
computer simulation for learning. Computer simulation operates on the dual-channel assumption for
information processing. The visual/pictorial aspect is observed through the computer screen, for example,
in an electrolysis experiment powered by computer simulation, students can see and visualize the
movement of electrons from the more reactive electrode to the less reactive one; and how the salt bridge
helps to balance the excess ions formed at either pole. This is more than just presenting pictures or images
to learners. It helps the learner to form a mental representation of what the learnersees which is built up in
the working memory, while the auditory or verbal aspect represents the teacher’s explanation or
background discussion embedded in the simulation program (Mayer & Moreno, 2003). The limited
capacity of the channels is taken into consideration as the information to be presented through computer
simulation is broken into chunks and sequenced. The active learning assumption is reflected in the ability
of the learner to transfer information or knowledge gained to a similar situation in the real world just as
was exemplified in the case of the military and medical professionals. This theory, therefore, supports the
use of computer simulation as a multimedia facility that can bring about meaningful learning.
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THE STUDY METHOD

The research design employed in this study was the pre-test, post-test non-equivalent group design. This
is due to the inability of the researchers to randomly assign participants to the experimental and control
group at the time of data collection since the school authorities did not consent.

Participants

The population for the study comprises all chemistry students in senior secondary schools in Ado-Odo-
Ota Local Government Area of Ogun State, Nigeria. The local government is the largest local government
in the state with over 150 public and private senior secondary schools. Two private schools located in
different education zone with relatively similar characteristics in terms of teacher’s (chemistry)
qualification, school facilities, students’ population, and location (urbanisation) were purposively selected
for the study.

A total of 83 students participated in the study. The control group made up about 47% of the total
participants while the experimental group accounted for 53%. Students in the second year were the
preferred choice for the study on the basis that they already have spent one school session (1st term to 3rd
term), learning the content, process, and ethics of science and though, they might have gained some
prerequisite, but have not been taught the topic (electrolysis) that was selected for the study at the time it
was conducted (1st term of S.S.2; a new session) based on the structure of the national curriculum. About
34% of the total participants’ age ranged from 12-14 years, 64% have their ages fall below 15-16 years
while only about 2% reported that they were above 16 years old. Table 3 shows the gender distribution of
the participants. This implies that over two-thirds of the participants in this study were students between
13 and 16 years old who can actively engage in the physical manipulation of electronic objects such as
phones and computers with little or no guide.

Table 3: Distribution of students by gender

GROUPS
Experimental Control Total
MALE Count 19 13 32
% of Total 43.2% 33.3% 38.6%
SEX TFEMALE | Count 25 26 51
% of Total 56.8% 66.7% 61.4%
Total Count 44 39 83
% of Total 53.1% 46.9% 100.0%

Source: Field work
Why Electrolysis?
In a study conducted by et al. (2020b), concepts in the new chemistry curriculum for secondary schools in

Nigeria and Ghana were ranked in order of difficulty from the most perceived difficult concept to the
least. The study surveyed 1,292 participants from both countries since they use the same chemistry
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syllabus for senior school certificate examination. The study found electrolysis as one of the concepts
which are mildly difficult for students to learn as it ranked 11th of the 22 concepts included in the study.

Table 4 Ranking of difficult concepts in senior secondary chemistry (N = 1,292)

1. Benzene and its Compounds 2.18 1
2. Nuclear Chemistry 2.17 2nd
3. Salt analysis (qualitative analysis) 2.17 2nd
4, Volumetric analysis (Titration) 2.16 4t
5. Chemical equations and equilibrium 2.10 i
6. Alkanols, Alkanals and Alkanones 2.10 5t
7. Acid-Base titration calculations 2.07 7
8. Solubility 2.02 gh
9. IUPAC nomenclature 2.01 oth
10. | Lipids, soap and detergent 1.95 10t
11.  Electrolysis 1.93 11t
12. | Oxidation and Reduction (Redox reactions) 1.90 12t
13.  Chemical bonding 1.89 13"
14.  Hydrocarbons 1.86 14
15.  Electronic configuration 1.75 15t
16. | Gas laws 1.73 16"
17.  Separation techniques 1.73 16t
18.  Atomic structure and theories 1.72 18"
19.  Metals, Non-metals and their compounds 1.70 19t
20.  Kinetic theory of matter 1.65 20t
21.  Acids, bases and salts 1.64 21%
22.  Periodic Table 1.56 22nd

Source: Deeper Probe of African Students’ Perceived Difficult Concepts in Secondary School Chemistry.
(Okebukola et al., 2020b).
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As stipulated in the curriculum, students are expected to learn about the (i) electrolytic and
electrochemical cells; (ii) principles of electrolysis; (iii) factors influencing discharge of species; (iv)
faraday’s laws of electrolysis; (v) calculations in electrolysis; and (vi) electroplating and other practical
applications of electrolysis; all these maybe difficult for students to learn and understand if appropriate
teaching strategies are not used. Besides, our choice of this topic was also informed by the strong
attention paid to this concept by the West African Examinations Councils, such that in the last five years,
the council was always testing students’ understanding of it. The chief examiner’s report of students’
performance in electrolysis shows that there is much left to be desired (see WAEC Chief Examiner’s
report 2017; 2018; and 2019). For these reasons, we therefore, decided that electrolysis is a good concept
to start with.

Instrument

The electrolysis and electroplating achievement test (EEPAT) was the tool employed to gather the data
needed for the study. The instrument had two sections; section A focused on the demographic details of
the participants while section B contained 20 discrete items (multiple choice questions) with four options
lettered A-D.Each item had three distractors and one key. The Items were constructed using the revised
Bloom’s taxonomy (Wilson, 2016) of educational objectives for its table of specifications and following
the 20-golden rule for multiple-choice questions (Okebukola, 2015). We ensured that the items were
almost evenly distributed across the cognitive process dimension and each item carried an equal score
weight.

The instrument was developed by the researchers using the West African Senior School Certificate
Examination past questions (2014-2019) and two commonly used senior secondary school chemistry
textbooks. In line with the behavioral objectives highlighted in the lesson plans for the study, we ensured
all the stated objectives were tested within the 20 items. Three items each measured knowledge
(remembering); comprehension (understanding); evaluation and synthesis (create) levels while four items
each were structured to measure application and analysis level. Thus, there were six items, which
measured lower-order cognitive achievement and 14 items which measured higher-order cognitive
achievement.

Table 5: Structure of items in the EEPAT instrument

Knowledge (remembering) Lower-order Three
Comprehension (understanding) Lower-order Three
Application Higher-order Four
Analysis Higher-order Four
Evaluation Higher-order Three
Synthesis (create) Higher-order Three

Author’s design, 2021

Validity and reliability of the instrument
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To ensure that the instrument measured what it was intended to measure, the researchers employed the
services of two chemistry and one English-language teacher for content validity and use of language.
Twenty-five (25) items were presented to them and their observations and suggestions resulted in the
reduction of the test items to twenty, as five items were considered inappropriate based on ambiguity and
complexity. The instrument was then given to two experienced researchers with a PhD degree in science
and technology education for content and concurrent validity. Their comments and suggestions led to the
restructuring of six items and a change in time allocation from 15minutes to 20minutes. The instrument
was trial-tested using ten (10) chemistry students who were not part of the intended participants for the
research.

The result obtained affirmed that the items were not beyond the understanding level of the students and
that the allotted time was appropriate. The careful attention that was given to the validation of the
instrument was purposefully tailored toward ensuring sound reliability. The split-half reliability test of the
instrument yielded a coefficient of 0.76which falls between the acceptable range of 0.70 to 0.80 that most
instruments used in educational research are benched against (Mohajan, 2017).

Reliability Statistics

Cronbach's Alpha Part1 Value 1.000
N of ltems 19

Part 2 Value 1.000

N of ltems T

Total N of ltems 2

Correlation Between Forms 614
Spearman-Brown Equal Length 761
Coefficient Unequal Length 761
Guttman Split-Half Coefficient 754

a. The items are: Even
h. The items are: Odd

Figure 2: Coefficient of reliability of the instrument
Data Collection

Permission was sought from the authorities of the participating schools and students’ consent to
voluntarily participate in the study was also cleared with an understanding that they are free to withdraw
their interest at any point during the study. The pretest was first administered to both groups to determine
the initial performance of the students. The control group received their lessons using the traditional
lecture method while the experimental group was taught with the aid of a computer simulation package on
electrolysis and electroplating. The treatment lasted for four weeks; each group had 80 minutes’ contact
with their respective teachers every week.

While the chemistry teachers of the two schools were retained for the study to control for confound due to
teacher factor, the teacher for the experimental class was tutored on how to effectively use the multimedia
facility (computer simulation package in this case) for the delivery of classroom instruction. Two sessions
of micro-teaching exercises were conducted to ensure mastery of the approach by the teacher. The
researchers ensured that the two groups were receiving their lessons concurrently on weekly basis. At the
end of week four-lesson, the post-test was conducted. The test administration was carefully done with no
observable difference in the process for the two groups particularly concerning time allotted, supervisor,
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and students’ willingness to take the test. The classroom atmosphere was made free from distractions and
in a way that boredom and fatigue were minimized to improve the reliability of the test.

Results

The two data sets (pretest and posttest scores) generated during data collection for the study were
analysed using IBM SPSS version 23 software. The data for the first research question which sought a
statistically significant difference in the achievement of the experimental group which received computer
simulation treatment and the control group which was taught using the traditional lecture method was
analysed using analysis of covariance (ANCOVA). Since the participants were not randomised, it was
expedient to use ANCOVA to partial out the initial differences between the two groups.

Levene's Test of Equality of Error
Variances®

Dependent Variahle: Post_test_scores
F dft df2 Sig.
1.550 1 81 217
Tests the null hypothesis that the error

variance ofthe dependentvariable is equal
across groups.

Figure 3: Levene's test of homogeneity of variance

Having confirmed that the two groups were not significantly different through Levene’s test of
homogeneity of variance (F= 1.55; P> .05) and the Shapiro -Wilk’s test of normality was favourable for
both groups; control group (N=39) = .48; p> .05 as well as for experimental group: (N=44) = .56; p> .05.
The one-way ANCOVA statistic applied on the pre-test and post-test scores of the two groups using the
pretest scores as the covariate shows a statistically significant difference in the achievement of students
taught with the aid of computer simulation and those taught using the traditional lecture method
[F(1,80)=49.34; p< .05]; see table 7.

Table 6: Mean and standard deviation of post-test scores of the experimental and control group

Dependent Variable: Post test scores

Group Mean Std. Deviation N

Use of computer simulation 12.7727 1.99841 44
Use of lecture method 0.3846 2.35769 39
Total 11.1807 2.75036 83

The result in Table 6 shows that the experimental group (use of computer simulation) has a mean value of
12.77 which is higher than that of the control group (use of lecture method) 9.38. To ascertain whether
this observed difference is real or attributed to error variance, this result was subjected to inferential
testing as shown in Table7 below.
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Table 7: ANCOVA summary table of differences in the achievement of the experimental and control
groups

Dependent Variable: Post test scores
Type 11l Sum of

Source Squares Df Mean Square F Sig.
Corrected Model

237.650? 2 118.825 24.843 .000
Intercept 984.557 1 984.557 205.846 .000
Pre_test_scores 319 319 .067 797
Group 235.971 235.971 49.336 .000
Error 382.639 80 4.783
Total 10996.000 83
Corrected Total 620.289 82
a. R Squared = .383 (Adjusted R Squared = .368)

To answer the second research question which sought a statistically significant difference in the higher-
order cognitive achievement of students taught using computer simulation and those taught with
traditional lecture method, the students’ scores (pre-test and post-test) in the 14 items which measured
higher-order cognitive achievement were subjected to ANCOVA.

Table 8: Mean and standard deviation of post-test scores of the experimental and control group

Dependent Variable: Post test higher order scores

Group Mean Std. Deviation N
Use of computer simulation 9.0000 147853 44
Use of lecture method 6.9231 1.73788 39
Total 8.0241 1.90619 83

The descriptive statistics show that the mean of the post-test scores of the group taught with computer
simulation is higher than that of the group taught with the traditional lecture method. This implies that the
experimental group performed better than the control group (see table 8). The result in table 9 shows that
the observed difference in the mean scores of the groups was not due to error variance.
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Table 9: ANCOVA Summary - Table of differences in achievement of the experimental and control
group

Dependent Variable: Post test higher order scores
Type 11l Sum of

Source Squares Df Mean Square F Sig.
Corrected Model

90.829° 2 45.414 17.541 .000
Intercept 560.099 1 560.099 216.335 .000
fre—teSt—h'gher—orde 1.646 1 1.646 636 428
Group 90.081 1 90.081 34.793 .000
Error 207.123 80 2.589
Total 5642.000 83
Corrected Total 297.952 82
a. R Squared = .305 (Adjusted R Squared = .287)

The one-way ANCOVA statistic applied on the pre-test and post-test scores of the two groups in the
higher-order cognitive achievement items using the pretest scores as the covariate show a statistically
significant difference in the achievement of students taught with the aid of computer simulation and those
taught using the traditional lecture method [F(1,80)=34.79; p< .05].

Discussion of Results

Based on the analysis conducted on research question one, it was found that the students taught with the
aid of computer simulation performed better than those taught using the traditional lecture method. This
result agrees with the findings of Alessi and Trollip (2001); Clary and Wandersee (2010); Mohr (2014).
The researchers, based on the findings of their studies, all came to a similar conclusion that the use of
computer simulation in the delivery of classroom instruction has a positive effect on students’
understanding and achievement in chemistry. This result also finds semblance with the findings of Guy
and Lowness- Jackson (2015); Okwuduba, Offiah, and Madichie (2018), Uzezi and Deya (2020) who
reported that students taught using computer simulation achieved a higher mean score than their
counterparts taught using the conventional lecture method.

The result obtained in this study is an addition to the body of knowledge that suggests that computer
simulations can promote students’ learning by giving them a visual aid into the sometimes invisible,
complex conceptual world of chemistry. This result aligns with the general understanding that learners
tend to remember a large portion of visual information “what I see, I remember” as such, they form and
store a mental representation of such information which in turn results in better academic performance
through quick recall of such stored information at times of need. The theory of multimedia learning
(Mayer, 2005) explains better how students can retain information in long-term memory (see Tables 1 and
2). When words are logically combined with pictures or images and presented to learners, it allows them
to form a model of such content in the long-term memory. This is one major reason why learners of today
can narrate a complete season film of 20 to 24 episodes to their colleagues at a stretch, scene by scene.
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Most teachers ask the question “why do my students remember everything they see or watch on the
television and forget what I teach them in class”? — According to Willingham (2007), the answer is, bring
television to the classroom. Bringing computer simulation to the classroom can be equated to bringing
television to the classroom. Students will see, observe and or visualise as they manipulate the given
information on the computer. They will collaborate, share information and understanding, develop sound
communication and healthy social skills in a more relaxed mode as they direct their learning, and after all,
whatever pleases teaches effectively.

A little away from the secondary school classroom, computer simulation has proven to be an effective
learning tool that allows for the direct transfer of knowledge. Medical students use the simulated
laboratory to learn different and delicate medical operations and after gaining perfection, they can apply
the knowledge gained to real-life operations (see Marker, Mohr & Ostergaard, 2019). The same goes for
aviation students as well as military training involving the use of war jets, shooting, and bombing. It is
based on this understanding that one may agree with the findings of this study which suggests that using
computer simulation to teach and learn chemistry will significantly boost the performance of the students
and it is not magical.

Asides from that computer simulations promote visualisation which enhances retention (Mayer, 2005;
Akinola, 2014), it allows the students to learn and relearn outside the four walls of the classroom until
satisfaction or perfection is gained and learning objectives are met. This opportunity allows students to
clarify areas of misconceptions which the limited classroom contact period might not permit. The
difference in students’ learning styles and capabilities are catered for particularly the inability to learn as
fast or quickly as other members of the class. Visual learners are cared for as they see through the
computer monitor; aural learners will gain as they listen to pre-recorded and embedded explanations,
directions and guide; kinaesthetic learners will enjoy learning as they get involved in the interactive and
manipulative section; and neither are the read and write learners left out as they put down salient points in
their note and crosscheck references from available textual materials.

Computer simulation if appropriately utilised for instructional delivery will enhance learning and improve
students’ performance in chemistry as it allows students to observe and visualize the step-by-step actions
and reactions that take place in any chemical process, particularly the spontaneous ones. This technology-
supported experience will erase from students the notion that chemistry is abstract and therefore help the
students to concretise information gained and ultimately promote meaningful learning.

In providing an answer to the second research question, the result obtained in table 8 shows that the
students taught using computer simulation performed significantly better in items that measured higher-
order cognitive achievement than the other group. Thus, the use of computer simulation in teaching
chemistry concepts such as electrolysis and electroplating will not only result in better performance of the
students, it will specifically help the learners to improve in their ability to apply knowledge gained, create
new knowledge from the existing one, analyse given tasks and give value judgement on issues around
them. This result finds semblance with the findings of Yang (2015) which reported the use of digital
game-based learning as effective in developing students' higher-order thinking skills such as critical and
creative thinking and problem-solving.

Based on the findings of this study and reports from other studies (Ajayi and Ogbeda, 2017; Uzezi and
Deya 2020), it is safe to infer that if computer-simulated activities are effectively utilized in the chemistry
classroom, it will eradicate route-learning which is a current challenge facing our educational system as
evident in the students’ performance. Exemplified in “breaking barriers to meaningful learning — the
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culture-techno-conceptual approach” by Okebukola (2020) is that using technology to support teaching-
learning activities will lead to meaningful learning. Since the essence of learning is to be able to “do”,
developing students’ ability to attend to learning tasks that probe beyond facts memorisation and shallow
comprehension is achievable through the use of computer simulation.

Students’ capabilities to attend to learning tasks that require them to apply acquired knowledge to solve
similar problems, analyse and evaluates scenarios, and synthesis available information to create new
knowledge will enhance students’ ability to make an appraisal, categorize, criticize logically, make
comparison and experiment effectively. The benefits of this learning strategy are likely to manifest in
learners’ ability to make interpretations, predictions, and illustrations as it is already being observed
among children and early teenagers when they get involved in their virtual games.

CONCLUSION

This study aimed to investigate the effectiveness of the use of computer simulations in teaching and
learning chemistry concepts. We found that students taught with this learning strategy performed
significantly better than their counterparts who were taught with the traditional lecture method. Based on
the findings of this study and within its limitations, we inferred that the use of computer simulation can
lead to quality learning in chemistry.

To achieve the intended quality education, there is an urgent need to integrate the use of new technologies
of instruction into the educational system. Among the numerous modern technologies of instruction
available today is computer simulation. The use of computer simulation strategy to enhance learning does
not only perfectly meet the needs and nature of today’s learners but also serves as a prerequisite for
tomorrow’s world of work.

Recommendations

The intention of this study is not to generalise beyond the sample as a result of limitation due to sample
size and number of chemistry concepts treated, we however, consider it beneficial to offer the following
recommendations:

There is an urgent need for government and school owners to organise training and retraining
programmes for chemistry teachers at the senior school level on the use of modern multimedia
technologies such as computer simulations for effective content delivery in and outside the classroom.
During such training, emphasis should be laid on what this study and other similar studies revealed. In
addition to this, the government and school proprietors are further enjoined to strive to provide the basic
technological facilities such as computers, projectors, projector screens, and internet facilities that will be
needed by the teachers to deliver effectively. To ease this demand, we advise that school authorities and
the teachers look in the direction of improvisation where necessary and possible.

While chemistry teachers at the senior school level are encouraged to engage themselves in personal
professional development programmes particularly on the use of modern technologies to deliver lessons,
they must wake up to the reality that the learners in today’s classroom are natives of the digital world
whose language is that of the computer and the internet. We, therefore, advise that the curriculum of the
teachers in training who will supposedly take over from the in-service be revised to cater for the learning
needs of the new generation students whose lives and functions are and will continue to be technology-
dependent.Also, further studies should be conducted on other technology-driven innovative learning
strategies that can be used to improve students’ performance in chemistry and promote meaningful
learning.
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