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ABSTRACT This study established the effects of computer-assisted instruction in promoting intrinsic and extrinsic
motivation among 90 senior secondary one (SS1) students from three secondary schools in Minna, Niger state
Nigeria. A pre-test and post-test experimental design was used during which students were randomly assigned into
either the experimental groups or the control group. The experimental group | was taught two selected concepts
of chemistry using a computer simulation instructional package (CSIP), the experimental group Il was exposed to
computer tutorial instructional package (CTIP) while a conventional teaching method (CTM) was used for the
control group. The Chemistry Achievement Test (CAT) and Chemistry Motivation Questionnaire (CMQ) were
used for data collection. Additional qualitative data was collected using classroom observations as well as interview
schedules. The outcome of this study revealed that students taught with CSIP performed better than those in CTIP
and CTM groups. The CSIP and CTIP were found also to be gender friendly. Based on the findings, it was
recommended that chemistry teachers should employ computer simulation for improving their students’

performance and motivation in the subject.

INTRODUCTION

The secret of technological development of
any nation lies in the study of science. Unfortu-
nately, the study of science in Nigeria has been
impeded by a lot of bottlenecks right from prima-
ry school through secondary to tertiary level of
education (James 2001). The importance of chem-
istry in science and technology cannot be over-
emphasized. Chemistry is often called ‘the cen-
tral science’, because its interests lie between
those of physics and biology. The Nigerian gov-
ernment, having realized the importance of chem-
istry in the field of science and technology, made
it one of the core courses to be offered to sci-
ence-oriented students (FRN 2008). In the last
decade, reports have shown that secondary
school students’ performance in chemistry at
national examinations in Nigeria has been very
poor as revealed in Table 1. From research evi-
dences, educators see the pressing need to re-
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consider the techniques and methods of instruc-
tion. To address these challenges and issues,
there is the need for an instructional system and
support technology to give consideration to
meaningful learning in basic science.

Table 1: Percentage performance of students in

May/June WASSCE, 2005-2011 in Nigeria at cred-
it level and above

Year Biology Chemistry Mathematics Physics
2005 35.74 50.94 38.20 41.53
2006 49.23 44.90 41.12 58.02
2007 33.37 45.96 46.75 43.19
2008 33.94 44.44 57.27 48.26
2009 28.58 43.69 47.04 47.83
2010 50.70 49.65 41.16 20.98
2011 37.80 48.68 31.88 62.84

Source: WAEC, Lagos, Nigeria

According to Olorukooba (2007) and Jegede
(2007), students consider chemistry to be a dif-
ficult field of study. The students’ inability to
comprehend and remember what has been learnt
is mostly caused by a teacher-centered ap-
proach that makes learners passive listeners. The
persistent use of traditional teaching methods
where chemistry teachers transmit knowledge
to the students who most of the times are inac-
tive in the classroom have not been promoting
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effective learning. Lack of motivation has been
identified as one of the causes of poor perfor-
mance in science. Glynn et al. (2007, 2009) con-
cluded that students’ motivation towards learn-
ing science is positively related to their perfor-
mances in science.

Balancing of equations and periodicity con-
stitute parts of chemistry concepts that teach-
ers find difficult to teach their students, and stu-
dents also find it difficult to understand (WAEC
2012). Science courses require students to recall
many facts and then connect old and new con-
cepts. Students often rely on surface strategies
for memorizing facts without any focus on con-
tent comprehension or connections between
known and unknown concepts (Momsen et al.
2013). This poses a problem for college science
teaching, because if meaningful learning does
not occur, students may not truly understand
the material and ultimately make necessary con-
nections for solving problems (Cavallo et al.
2004). The absence of meaningful learning may
be due to the manner in which material is present-
ed or to the lack of awareness of actual skills need-
ed to reach meaningful learning levels (Gambari
2010).

Traditional instructional methods have giv-
en insufficient opportunities to students to con-
struct their own learning. Eliciting students’ in-
dividual capabilities, intelligence and creative
thinking can only be achieved through student
centered instructional methods (Adegoke 2011).
Large enrollment in science courses, make it dif-
ficult to address the specific needs of individu-
als. Anecdotal evidence suggests that many of
these students are poorly motivated, do not see
the relevance of science to their careers, and
find science frustratingly difficult (Emeke and
Adegoke 2001; Arwood 2004; Cavallo et al. 2004).
Poor motivation in science often leads to low
achievement (Glynn et al. 2007). In order for stu-
dents to be motivated to learn in any discipline,
they must participate in activities that are per-
sonally meaningful and worthwhile (Glynn and
Koballa 2006).

Computer-assisted Instruction (CAI) soft-
ware could be used to transform classroom in-
struction into a series of rich memorable experi-
ences and therefore, reduce boredom and for-
getfulness (Achuonye 2011; Yusuf and Afolabi
2010). It can also solve the problem of lack of
instructional material for teaching chemistry, and
it can be used to change the students’ perspec-

tive that chemical concepts are abstract and dif-
ficult to understand. Computer supported learn-
ing environments offer several facilities that can
be used to improve the teaching and learning of
chemical processes. Computer enables repeat-
ed trials of an experiment with considerable ease
inalimited time. It provides immediate feedback,
allows simultaneous observation of graphical
representations, and offers a flexible environ-
ment that enables students to proceed on their
own pace (Gambari 2004; Kara and Yesilyurt
2007). Major classifications of CAl lessons in-
clude tutorials, drill and practice, simulations,
and instructional games (Badmus 2007). Each
basic design provides a unique method for us-
ing the computer to teach, reinforce, practice or
apply information.

Using an interactive learning environment
such as computer simulations and tutorial in-
struction to teach abstract topics enables stu-
dents to become more active learners. It also
provides opportunities for students to construct
and understand difficult concepts more easily
(Gambari et al 2014; Nadelson et al. 2015). Ac-
cording to Burns and Myhill (2004), complex in-
formation given to students can be simplified
through the use of technology, which offers
them opportunities to learn by doing. Computer
simulation is an example of technology that could
be adopted for teaching and learning purposes.
Using it for teaching can help reduce the costs
associated with the chemicals and equipment
necessary for laboratory experiments. They can
also save time in situations where there are few
variables being examined. It is considered that if
used adequately, simulations would make it easy
to control variables and may even prevent tradi-
tional classroom management problems (Gam-
bari et al. 2012). Integrating computer simula-
tions into teaching and learning help students
integrate separate facts, concepts, and princi-
ples into functional units and assimilate them
with other units. They are used in situations
where several knowledge elements have been
learned independently and must be applied col-
lectively (Efe and Efe 2011).

Previous studies have demonstrated the ef-
fectiveness of computer simulations on student
learning. Studies suggest that well-designed
computer simulations have positive effects on
learning, creativity, decision-making, communi-
cation, thinking power and initiatives (Akpan
and Andre 2000; Winberg and Headman 2007;
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Saminathan 2012). A good number of these stud-
ies have focused on the acquisition of specific
content knowledge. For example, Akpan and
Andre (2000) found that students who used a
computer simulated frog dissection learned sig-
nificantly more on anatomy courses than those
who performed actual dissections. Winberg and
Headman (2007) developed a computer-simulat-
ed pre-lab, which aimed to prepare students cog-
nitively to real laboratory activity about acid-
base titration. As a result of their study, they
concluded that the experimental group showed
a positive attitude towards learning. Saminathan
(2012) found Computer-Based Instructional
Strategies to be an effective teaching strategy
than the traditional method of teaching chemis-
try. Recent study by Nadelson et al. (2015) re-
vealed that using video-based demonstrations
to prepare students for the organic chemistry
laboratory resulted in greater learning gains for
the treatment group as compared to the control
group who were taught using the traditional
method. It was also reported that students in
the treatment group who watched the videos as
part of their pre-laboratory instruction complet-
ed their experiments within a short time.

Other investigations have reported less im-
pressive results in utilizing computer simulations
in science instruction. Some of these have found
no advantage to using simulations over tradi-
tional methods. For example, Winn et al. (2006)
compared college undergraduate’s achievement
of oceanography concepts through field and
simulated experiences. Results indicated that
there was no difference in overall learning be-
tween the fieldwork and simulation groups.

In a computer tutorial, information is taught,
verified, and reinforced through interaction with
the computer. Tutorials are often categorized as
linear and branching tutorials (Egunjobi 2004).
A simple, linear tutorial gives the same instruc-
tional sequence of explanation, practice, and
feedback to all learners regardless of differenc-
es in their performance. A more sophisticated,
branching tutorial directs learners along alter-
nate paths depending on how they respond to
questions and whether or not they show mas-
tery of certain parts of the material. Even branch-
ing tutorials can range in complexity by the
amount of branching they allow and how fully
they diagnose the kinds of instruction that a
student needs (Doering and Veletsianos 2009).
Students are typically questioned during the
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tutorial to verify comprehension. Tutorials
should teach well-defined objectives thoroughly
enough to eliminate the need for repetition through
another teaching system (Kara and Yesilyurt 2007).

Literature evident in Egunjobi (2004), Bad-
mus (2007) and Carmelita (2008) have revealed
the effectiveness of the computer tutorial mode
over the traditional method in classroom set-
tings across different disciplines at secondary
schools level both in Nigeria and outside Nige-
ria. For instance, Kara and Yesilyurt (2007) as-
sessed the effects of tutorial and edutainment
software programs on students’ achievements,
misconceptions and attitude towards biology.
After the treatment, tutorial and edutainment
improved the students’ performance and
changed their attitudes towards biology. Simi-
larly, as Egunjobi (2004) reported, students
taught some concepts in geography using a
computer tutorial mode performed better than
those in computer game and computer drill and
practice instructional groups, respectively. Akram
et al. (2011) reported the effectiveness of com-
puter tutorial on the chemistry students’ achieve-
ment over traditional method at higher level.
However, other studies such as Ramanchandram
and Scottler (2003) found no significant differ-
ence between the traditional method and tutori-
al mode on achievement. Most of these studies
were based on the regularly used tutorial mode,
which incorporated text-only strategy and did
not utilize pictures and audio.

Gender has been identified as one of the fac-
tors influencing the students’ performance at
Senior Secondary School level in Nigeria (Anag-
bogu and Ezeliora 2007). Different results and
views of researchers as in studies of different
subjects such as science, arts and vocational
education in developing countries show that
female and male students perform differently as
a result of cultural and traditional reasons
(Wasagu and Muhammad 2007). Although some
researchers (Adesoji and Babatunde 2005; Gam-
bari 2004; Fagbemi et al. 2011) found that male
and female students performed equally well in
chemistry, biology, physics and social studies)
using computer-based instructional packages.
Therefore, it is not clear how gender will influ-
ence learning when the different strategies of
the simulation and tutorial modes are used in
teaching chemistry. Hence, the inclusion of gen-
der in this study became very necessary.
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Motivation is one of the states that drives
and sustains learning behaviors. There are many
motivational constructs that could relate to aca-
demic success in college science. However, re-
searchers have identified intrinsic and extrinsic
motivation, goal orientation, task value, self-de-
termination, self-efficacy and assessment anxi-
ety as important constructs for science learning
(Glynn and Koballa 2006; Glynn et al. 2009).
However, this present study focused on intrin-
sic and extrinsic motivation as predicator of suc-
cess in chemistry.

Intrinsic motivation refers to internal desires
to perform a particular task, which is rewarded
by completing the task itself, whereas extrinsic
motivation refers to performance of a task in or-
der to receive an external reward (Ryan and Deci
2000). In academic situations, intrinsic motiva-
tion leads to deeper processing, greater mastery
and better implementation of learning strategies
(Covington 2000). Intrinsically motivated stu-
dents are also more likely to persist with chal-
lenging tasks and other positive classroom be-
haviors as well as perform better academically
than extrinsically motivated students who might
have to been bribed before they perform the giv-
en tasks (Ryan and Deci 2000; Walker et al. 2006).

Extrinsic motivation generally drives behav-
iors when students complete tasks for an exter-
nal outcome. Extrinsically motivated students
who fall closer to active personal commitment
on the continuum may be driven to act primarily
because of the reward. However, these rewards
may also have some intrinsic elements, for in-
stance, receiving an ‘A’ grade makes the stu-
dent feel good (Walker et al. 2006).

Motivation to learn science at the Junior
Secondary School level (Middle School) is one
of the most important predictors of science
course success (Britner and Pajares 2006). Moos
(2010) reported that participants who had high
extrinsic and high intrinsic motivation used sig-
nificantly more planning and monitoring process-
es when compared to participants who had low-
er motivation scores for either the extrinsic or
intrinsic category. Additionally, participants who
had high extrinsic and high intrinsic motivation
significantly outperformed those who had low
extrinsic and low intrinsic motivation.

Considering the general academic success,
Kaufman et al. (2008) investigated whether in-
trinsic and extrinsic motivation separately pre-
dicted students’ performance. A significant pos-

itive relationship between intrinsic motivation
and students’ performance was found, and there
was a negative relationship between extrinsic
motivation and students’ performance (Kaufman
et al. 2008). Watson et al. (2004) studied the ef-
fects of both intrinsic and extrinsic motivation
on a specific college final course grade. They
found that higher levels of both motivation ori-
entation variables positively correlated with
higher course grades (Watson et al. 2004). Gar-
cia (1993) found both intrinsic and extrinsic mo-
tivation positively predicted final course grades
in organic chemistry. In contrast, Yu (1999) found
that intrinsic motivation negatively predicted
course performance in college chemistry. Glynn
etal. (2007) investigated the relationship between
overall motivation to learn science and science
performance. They reported that students found
science courses relevant to their careers, and
both their motivation and science performance
were higher. In another study, Glynn (2009)
found that when college students reported low-
er maotivation in science courses their perfor-
mance was lower as well. However, students can
be simultaneously intrinsically and extrinsically
motivated (Kaufmann et al. 2008; Watson et al.
2004; Linetal. 2002).

In spite of the unprecedented impact of Com-
puter-assisted Instruction (CAl) on science ed-
ucation in advanced countries, it has not made
much headway in Nigeria. Little is known about
the use of computer-assisted instructional pack-
age in the Nigerian educational system particu-
larly the use of simulation and tutorial modes. In
addition, very few empirical studies exist in Nige-
ria regarding the use of CAIl as a motivator to
chemistry learning. Therefore, much remains to
be empirically studied on the effect of CAl in
chemistry education, in Nigeria. Based on this
fact, this present study examined the effects of
two modes of computer-assisted instruction (tu-
torial and simulation) on the academic performance
and motivation of chemistry students in senior
secondary one in Minna, Niger State, Nigeria.

Research Questions

This present study is guided by the follow-
ing research questions:

1. What are the differences in the achieve-
ment of students taught chemistry using
computer simulation instructional package,
computer tutorial instructional package and
conventional teaching method?
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2. Isthere any difference in the mean achieve-
ment scores of male and female students
exposed to computer simulation instruc-
tional package?

3. Isthere any difference in the mean achieve-
ment scores of male and female students
exposed to computer tutorial instructional
package?

4. What are the differences in the intrinsic
motivation of students taught chemistry us-
ing computer simulation instructional pack-
age, computer tutorial instructional pack-
age and conventional teaching method?

5. What are the differences in the extrinsic
motivation of students taught chemistry us-
ing computer simulation instructional pack-
age, computer tutorial instructional pack-
age and conventional teaching method?

Research Hypotheses

The following null hypotheses were formu-
lated and tested at a 0.05 level of significance:

1. There are no significant differences in the
performance of students taught chemistry
using computer simulation instructional
package, computer tutorial instructional
package and conventional teaching method.

2. There is no significant difference in the mean
achievement scores of male and female stu-
dents exposed to computer simulation in-
structional package.

3. There is no significant difference in the mean
achievement scores of male and female stu-
dents exposed to computer tutorial instruc-
tional package.

4. There are no significant differences in the
intrinsic motivation of students taught
chemistry using computer simulation in-
structional package, computer tutorial in-
structional package and conventional
teaching method.

5. There are no significant differences in the
extrinsic motivation of students taught
chemistry using computer simulation in-
structional package, computer tutorial in-
structional package and conventional
teaching method.

METHODOLOGY
Study Design
This study adopted the pretest-posttest ex-

perimental group design, one of the quantita-
tive research methods. Three levels of indepen-
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dent variables (two experimental groups and a
control) and two levels of gender (male and fe-
male) were used. The experimental group | was
taught two selected concepts of chemistry us-
ing the computer simulation instructional pack-
age (CSIP), experimental group Il was taught the
same concept using the computer tutorial in-
structional package (CTIP) whereas the control
group received the conventional teaching meth-
od (CTM). Comparisons of the academic perfor-
mances and motivation of the learners in chem-
istry were drawn by comparing the responses of
the learners in the three groups.

Population and Sample

Multi-stage sampling techniques were adopt-
ed for the purpose of this study. Firstly, a pur-
poseful sampling procedure was adopted to
obtain three secondary schools in Minna me-
tropolis of Niger State, Nigeria. These schools
were sampled based on facilities (laboratories
and manpower), school type (public schools),
and gender composition (co-educational
schools). The three schools were randomly as-
signed to experimental group | (CSIP group),
experimental group Il (CTIP group) and control
group (CTM group), respectively. A stratified
sampling technique was used to select the 90
SSI students. Each group had 30 students (15
male and 15 female). Finally, purposeful sampling
was also used to select 5 students from each of
the groups for the interview scheduled.

Research Instruments

Data was collected using the Chemistry
Achievement Test (CAT), Chemistry Motiva-
tional Questionnaire (CMQ) and an interview
guide as well as classroom observations. Both
CAT and CMQ were administered by the first
researcher as a pre-test and subsequently as a
post-test. Questions in the post-test were the
same like those used in the pre-tests. However,
questions in the post-tests were numbered dif-
ferently to avoid recognition. The pre-tests as-
sessed the two experimental groups and the con-
trol groups’ prior knowledge of the chosen chem-
ical concepts while the CMQ assessed their
motivation toward chemistry learning. The post-
tests assessed the learners’ understanding and
motivation of concepts after the instruction. An
interview guide of open-ended questions was
also used to collect detailed information from
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five selected learners in each group regarding
the subject to determine their motivation towards
chemistry. The classroom observations were also
carried out in order to determine what the stu-
dents were actually doing during the lessons.

Chemistry Achievement Test (CAT)

The Chemistry Achievement Test (CAT) con-
sists of 50 multiple choice objective items with
five options (A to E) adopted from past examina-
tions of the West African Examination Council
(WAEC, May/June 2008-2012) and National Ex-
amination Council (NECO, June/July, 2008-2012).
The content validity of CAT was established by
matching the test items with the subject matter
outlined in the Nigerian chemistry O-level teach-
ing syllabus. The appropriateness of the options
provided for each item was checked by four in-
dependent reviewers (subject teachers, test and
measurement experts, university lecturers and
secondary school teachers) and suggestions
were incorporated in the final version, which
consisted of 50 questions. To establish the reli-
ability of CAT, the achievement test was piloted
to 50 learners in another school within the same
local government and a Cronbach Alpha coeffi-
cient of 0.89 was obtained and this was consid-
ered acceptable.

Chemistry Motivational Questionnaire (CMQ)

The Chemistry Motivational Questionnaire
(CMQ) was adopted from the Science Motiva-
tion Questionnaire by Glynn and Koballa (2006).
The Science Motivational Questionnaire (SMQ)
has six motivational components, each compo-
nent has a five-item five point scale and the as-
sociated items included intrinsically motivated
science learning, extrinsically motivated science
learning, personal relevance of learning science,
self-determination (responsibility) for learning
science, self-efficacy (confidence) in learning
science, and anxiety about science assessment.
In this study, two components were chosen for
measuring the intrinsic and extrinsic motivation
of students toward chemistry. CMQ has ten-
items which contain 5-items for intrinsically mo-
tivated chemistry learning (items 1, 2, 3, 4, and
5), and 5-items for extrinsically motivated chem-
istry learning (items 6, 7, 8, 9, and 10). It consists
of five-point Likert type items (Never, coded as

1; Rarely, coded as 2; Sometimes, coded as 3;
Usually, coded as 4, and Always, coded as 5).

Examples of items in intrinsically motivated
chemistry learning component include, “I enjoy
learning the chemistry”, and “The chemistry |
learn is more important to me than the grade |
receive”. Examples of items in extrinsically moti-
vated chemistry learning components include,
“I like to do better than the other students on
the chemistry test” and “I think about how my
chemistry grade will affect my overall grade point
average”. Glynn et al. (2007) had earlier pilot
studied the 30-item Science Motivation Ques-
tionnaire with science and non-science majors
students and 0.93 reliability coefficient was ob-
tained using Cronbach Alpha reliability coeffi-
cient. These items were found to be reliable and
valid. SMQ items, which had been previously
used for college students, are therefore consid-
ered to be suitable for Senior Secondary One
science students in Nigeria.

Interview Schedule

In order to get a deeper understanding of
the students’ intrinsic and extrinsic motivation,
five students were interviewed from each group.
The students were asked questions such as,
“Based on the two topics you have learnt so far,

1. Did you enjoy learning the chemistry?

2. Do you think you have accomplished a lot
by learning chemistry this way?

3. Do you think that using computer simula-
tions could help you to understand chem-
istry better?

4. Do you think you will do better than the
other students on the tests?”

Learning Environment

The learning environment for this study com-
prised of Computer Simulation Package (CSP)
and Computer Tutorial Package (CTP). The pack-
ages, which were validated by team of experts,
consist of concepts of periodicity and chemical
equations.

In the Computer Simulation Package, the
computer presents information and displays
animations to the learner in each of the units.
Information is presented in the form of a frame,
mastery of a frame led to the presentation of the
next frame. In other words, students could only
proceed to the next frame if they satisfactorily
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answered the questions in that frame. This ap-
proach uses drill and practice and it allows stu-
dents to move at his/her own pace, get immedi-
ate feedback, and feel the movement of the ob-
jects among others.

In the Computer Tutorial Package, computer
displays information to the learner on each of
the units with static pictures after which the stu-
dents jot down the key concepts in their note-
book. At end of each unit, students assessed
themselves with objective questions. The com-
puter displays the number of questions scored
correctly and those wrongly answered. The cor-
rect answers were displayed against the wrong
answers for students to compare and make cor-
rections. Students moved to the next lesson if
they satisfactorily answered the questions and
obtained a score of seventy percent. However,
when a student fails more than three questions
(30%), the computer package will give a remedi-
al lesson on that particular concept or questions
before he/she moves to the next unit.

Research Procedure

After obtaining permission from the three
schools’ administrators to conduct the study,
the researcher installed both CSP packages on
the desktop computer system of treatment
groups. The objectives and the modalities of
the experiments were specified and operational
guide was produced before the commencement
of the treatment. After this, the researcher ad-
ministered both CAT and CMQ pre-tests to the
sampled students. This helped ascertain the
equivalence of the students before the treatment.
Treatment was followed immediately. The two
experimental groups were taught periodicity and
chemical equations using Computer Simulation
Package (CSP) and Computer Tutorial Package
(CTP) respectively over a period of four weeks.
By incorporating computer simulation packag-
es into the teaching of periodicity and chemical
equations, the researchers assume that simula-
tions would impact the learners’ learning by de-
veloping the learners’ ability to break down the
complex and abstract structure of the periodic
table and balancing of the chemical equations.
It will also enable the learners to resolve any
misconceptions they might have about the con-
cepts and improve their conceptual understand-
ing. On the hand, the control group was taught
using the traditional method where the teachers
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will just teach the learners and give them notes
to read on their own but no computer simula-
tions were used for them. Thereafter, CAT and
CMQ were administered as post-tests to mea-
sure the achievement and motivation of the sam-
pled students in each of the school.

Data Analysis

Both quantitative and qualitative data was
collected for the purpose of this research. The
quantitative data collected was analyzed using
the Statistical Package for Social Scientists
(SPSS) version 18. The data was analyzed based
on the stated hypotheses using both descrip-
tive statistics (mean and standard deviation) and
inferential statistics (t-test, one-way Analysis
of Variance (ANOVA) and Scheffe’s test). The
significance of the various statistical analyses
was ascertained at 0.05 alpha levels.

Data obtained from the guided interviews and
classroom observations was analyzed themati-
cally using the Braun and Clarke (2006) approach
where texts were read and reread to decontextu-
alize bits of information from primary data. Infor-
mation was grouped into similar, dissimilar com-
ponents and later reexamined against the pur-
pose of study in order to generate themes.

RESULTS

The overall scores of the pre-test for the com-
puter simulation instructional package (CSIP)
were mean is 82.87+ 2.3 SD, scores for the com-
puter tutorial instructional package (CTIP) were
mean is 76.13+1.8 SD, while that of the conven-
tional teaching method (CTM) were mean is 63.37
+1.8SD.

Hypothesis One: There are no significant
differences in the performance of students taught
chemistry using computer simulation instruc-
tional package (CSIP), computer tutorial instruc-
tional package (CTIP) and conventional teach-
ing method (CTM).

To determine whether there were significant
differences in the post-test mean scores of the
CSIP, CTIP and CTM, data was analyzed using
the analysis of variance (ANOVA) as shown in
Table 2.

Table 2 shows the pre-test results of ANO-
VA comparing two experimental groups and con-
trol group. From Table 2, the F-value (1.07, p =
0.35) was not significant at 0.05 alpha level. This
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Table 2: ANOVA pre-test on CSIP, CTIP and CTM groups

Test Source of variables Sums of square df Mean square F-value p-value
Between groups 13.27 2 6.63

Pre-test Within groups 541.23 87 6.22 1.07 0.35
Total 554.50 89
Between groups 5885.76 2 2942.88

Post-test Within groups 1193.90 87 13.72 214.45" 0.00
Total 7079.66 89

ns: Not Significant at 0.05 level

implies that there was no significant difference
among the mean scores of the experimental group
I, experimental group 11, and the control group at
a0.05 level of significance.

From Table 2, post-test result of ANOVA com-
paring two experimental groups and control
group shows the F-value (214.45, p = 0.00) was
significant at 0.05 alpha level. This indicates that
a statistically significant difference was estab-
lished among the experimental groups and con-
trol group. Hence, the null hypothesis one (H,,))
was rejected. Based on the established signifi-
cant difference in the post-test scores of the
groups, Scheffe’s test was used for post-hoc
analysis. The results of this post-hoc analysis
are as shown in Table 3.

Table 3: Scheffe’s post-hoc analyses of the groups
mean scores

Groups Mean scores CSIP CTIP CT™M
CSIP 82.87 0.00" 0.00"
CTIP 76.13 0.00" 0.00"
CTM 63.37 0.00" 0.00"

*The mean difference is significant at the 0.05 level

The result in Table 3 indicates that there was
significant difference in the post-test mean
scores of students exposed to CSIP (X = 82.87)
and those exposed to CTIP (X = 76.13). It indi-
cates a significant difference in the post-test
mean scores of students exposed to CTIP (X =
76.13) and those exposed to CTM (63.37). Sig-
nificant difference was also established in the
post-test mean scores of students exposed to
CSIP (X =82.87) and those exposed to CTM (X
=63.37).

Hypothesis Two: There is no significant dif-
ference in the mean achievement scores of male
and female students exposed to CSIP.

To test this hypothesis, t-test statistics were
used to analyze the mean scores. The summary
of this analysis is shown on Table 4.

* Significant at 0.05 level

Table 4: t-test analysis on achievement scores of
male and female students exposed to CSIP

Variable N df Mean(x) SD t-value p-value

Male 15 83.60 3.23
Female 15 28 82.13 3.25 1.24ns 0.23

ns: not Significant at 0.05 level

Table 4 presents the t-test analysis of male
and female students in CSIP group. The mean
score of the male students is 83.60 and 82.13 for
the females. The t-value of 1.241 was not signif-
icant at a 0.05 level. This indicates that there is
no significant difference between the male and
female students taught with CSIP (t=1.24, df =
28, p=0.23). Hence, Ho, was upheld. Therefore,
there is no significant difference between male
and female students taught using the computer
simulation instructional package.

Hypothesis Three: There is no significant
difference in the mean scores of male and female
students exposed to CTIP. To test this hypothe-
sis, t-test statistics was also used to analyze the
mean scores. The summary of this analysis is
shown in Table 5.

Table 5: t-test analysis on achievement scores of
male and female students in CTIP group

Variable N df  Mean(x) SD t-value p-value

Male 15 77.20 4.46
Female 15 28 75.07 3.77 1.42ns 0.17

ns: not Significant at 0.05 level

Table 5 presents the t-test of male and fe-
male students of CTIP group. The mean scores
of the male students were 77.20 and male 75.07
for the female students. The t-value of 1.42 was
not significant at the 0.05 level. This indicates
that there was no significant difference between
the male and female students taught using CTIP,
(t=1.42,df=28,p=0.17). Hence, Ho, was up-
held. Therefore, there is no significant differ-
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ence between male and female students taught
using computer tutorial instructional package.

Hypothesis Four: There are no significant
differences in the intrinsic motivation of students
taught chemistry using CSIP, CTIP and CTM.
To determine whether there were significant dif-
ferences in the post-test mean scores of the CSIP,
CTIP and CTM groups, data was analyzed us-
ing the analysis of variance (ANOVA). Table 6
shows the result of the analysis.

Table 6 shows the pre-survey result of ANO-
VA comparing two experimental groups and con-
trol group. From Table 6, the F-value (2.51,p =
0.09) was not significant at a 0.05 alpha level.
This implies that there was no significant differ-
ence among the mean scores of the CSIP, CTIP
and CTM groups at a 0.05 level of significance.

Also the results presented in Table 6 show
the post-survey result of ANOVA comparing two
experimental groups and control group. From
the table, the F-value (153.25, p = 0.00) was sig-
nificant at a 0.05 alpha level. This indicates that
a statistically significant difference was estab-
lished among the experimental groups and con-
trol group. Hence, the null hypothesis four (Ho,)
was rejected. Based on the established signifi-
cant difference in the post-survey scores of the
groups, Scheffe’s test was used for post-hoc
analysis. The results of this post-hoc analysis
are as shown in Table 7.
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The result in Table 7 indicates that there was
significant difference in the post-survey mean
scores of students exposed to CSIP (X = 3.74)
and those exposed to CTIP (X =3.17). It indicates
significant differences in the post-survey mean
scores of students exposed to CTIP (X = 3.17)
and those exposed to CTM (X = 1.78). A signifi-
cant difference was also established in the post-
survey mean scores of students exposed to CSIP
(X=3.74) and those exposed to CTM (X =1.78).

Table 7: Scheffe’s post-hoc analyses of the groups
mean scores

Groups Mean scores CSIP CTIP CT™M
CSIP 3.74 *0.00 *0.00
CTIP 3.17 *0.00 *0.00
CTM 1.78 *0.00 *0.00

“The mean difference is significant at the 0.05 level.

Hypothesis Five: There are no significant
differences in the extrinsic motivation of stu-
dents taught chemistry using CSIP, CTIP and
CTM. To determine whether there were signifi-
cant differences in the post-test mean scores of
the CSIP, CTIP and CTM groups, data was ana-
lyzed using the analysis of variance (ANOVA).
Table 8 shows the result of the analysis

Table 8 shows the pre-survey result of ANO-
VA comparing two experimental groups and con-
trol group. From the Table, the F-value (0.19, p =

Table 6: ANOVA pre-test and posttest on CSIP, CTIP and CTM groups

Test Source of variables Sums of square df Mean square  F-value p-value
Between groups 0.37 2 0.19 2.51ns 0.09
Pre-motivation ~ Within groups 6.48 87 0.07
Total 6.86 89
Between groups 60.90 2 30.45 153.25" 0.00
Post-motivation Within groups 17.29 87 0.11
Total 78.1 89
* The mean difference is significant at the 0.05 level
Table 8: ANOVA pre-test and posttest on CSIP, CTIP and CTM groups
Test Source of variables Sums of square df Mean square  F-value p-value
Between groups 0.04 2 0.02 0.19ns 0.83
Pre-motivation ~ Within groups 10.34 87 0.12
Total 10.38 89
Between groups 50.99 2 25.50 119.44" 0.00
Post-motivation Within groups 18.57 87 0.21
Total 69.57 89

ns: Not Significant at 0.005 level "Significant at 0.05 level
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0.83) was not significant at a 0.05 alpha level.
This implies that there was no significant differ-
ence among the mean scores of the CSIP, CTIP
and CTM groups at a 0.05 level of significance.

Table 8 shows the post-survey result of
ANOVA comparing two experimental groups and
control group. From Table 8, the F-value (119.44,
p = 0.00) was significant at a 0.05 alpha level.
This indicates that a statistically significant dif-
ference was established among the experimen-
tal groups and control group. Hence, the null
hypothesis five (Ho.) was rejected. Based on
the established significant difference in the post-
survey scores of the groups, Scheffe’s test was
used for post-hoc analysis. The results of this
post-hoc analysis are as shown in Table 9. The
result in Table 9 indicates that there was signif-
icant difference in the post-survey mean scores
of students exposed to CSIP (X = 3.42) and those
exposed to CTIP (X =2.97). It indicates signifi-
cant difference in the post-survey mean scores
of students exposed to CTIP (X =2.97) and those
exposed to CTM (1.64). Significant difference
was also established in the post-survey mean
scores of students exposed to CSIP (X = 3.42)
and those exposed to CTM (X = 1.64).

Table 9: Scheffe’s post-hoc analyses of the groups
mean scores

Groups Mean scores CSIP CTIP CT™M

CSIp 3.42 0.00" 0.00"
CTIP 2.97 0.00" 0.00"
CTM 1.64 0.00" 0.00"

* The mean difference is significant at the 0.05 level

In addition to the achievement and motiva-
tional tests, which was used to assess the learn-
ers’ knowledge and motivational strategy when
learning periodic table and balancing of the chem-
ical equations, an interview guide was conduct-
ed for 5 students in each of the groups. This
enabled the researchers to gain a deeper under-
standing of the students’ motivational strategy
when learning chemistry. Students in the CSIP
and CTIP groups who were taught chemistry
using computer simulation instructional pack-
age and computer tutorial instructional package,
respectively were asked about how they enjoyed
their learning as against learning in their normal
traditional method of learning.

Three themes, namely, preference, engage-
ment and confidence were identified from both

interview and classroom observations of the
experimental groups and one or two quotations
are presented on each of them below.
Preference: One of the questions the re-
searchers asked the students in the interview
guide was that learners should tell them wheth-
er they enjoyed learning the chemistry based on
the just completed lesson when they used com-
puter simulation instructional package. The vast
majority of the learners reported that they liked
the concept of balancing the given equation on
the screen by adding coefficients so that the
equation is balanced correctly. For instance, one
learner commented that: using computer simu-
lation, | was able to count the number of mole-
cules on right hand and that of left hand. If they
are equal then I know the equation is balanced.
Based on all the students’ responses regard-
ing their experience of learning with computer
simulations, the researchers can say clearly that
they preferred trying out things on their own
instead of the teacher telling them or writing the
balanced equation for them as would be the case
if computer simulations were not integrated in
the teaching and learning process.
Engagement: The classroom observations
of the students in the experimental group | and
the students’ response to the question on what
they think about their accomplishment by learn-
ing chemistry using computer simulation pro-
vide confirmatory evidence of the students’ en-
gagement during learning processes. Of partic-
ular note is their use of the computer simulation
to balance the equation easily and with excite-
ment. The researchers’ classroom observation
notes show that students in the experimental
group | especially were engaged with the learn-
ing activity throughout the period of the study
compared to the other two groups. Perhaps this
is because, as one of the students interviewed
noted, the use computer simulation makes the
activities seem more like what “real scientists
do”. As another student commented, “It’s real-
ly fun. It’s nicer than the traditional method.”
Confidence: Learners were asked if and how
a computer could make difficult concepts easy
for them to understand. In their responses, most
of the learners agreed that a computer could make
difficult concepts simple and easier to under-
stand. They also explained that the manner in
which a computer presents concepts is fasci-
nating and because of its multi-functionality it
can combine sound and visual aspects. Learn-
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ers explained that seeing the movement of mole-
cules in the form of moving pictures and text
actually eliminate the abstractness of concepts
and present a virtual reality, which makes com-
plex concepts seem simple. They remarked that,
“Computer simulations are very wonderful and
exciting because one can visibly see the pic-
tures and the text on the screen at the same
time”.

In the case of the control group, only one
theme was identified, that is, both periodicity
and balancing chemical equations were difficult.
All the learners indicated that periodicity and
balancing chemical equations were difficult for
them to understand. Finally, learners in the con-
trol group confessed that chemistry was boring
to them and that there was no way it could be
easily understood.

In summary, findings show that the use com-
puter simulations can increase student motiva-
tion and engagement in learning, especially their
motivation towards exploring difficult concepts
on their own.

DISCUSSION

This present study investigates the influence
of computer-assisted instruction towards pro-
moting intrinsic and extrinsic motivation as well
as the learners’ achievements when learning
chemistry. Since the learners’ understanding of
both, the periodic table and balancing of the
chemical equation concepts was established from
the pre-tests, which was administered to all the
groups, any difference in the achievement and
the motivational strategy should be accounted
to the computer simulations and computer tuto-
rial, which were only utilized in the two experi-
mental groups. Results show that there was no
statistically significant difference between the
performance of the two experimental groups and
control group in the pre-test (F-value (1.066, p =
0.349) (Table 2), implying that the three groups
were similar.

Therefore, results of hypothesis one reveal
that there was a significant difference in the learn-
ing achievements of those taught chemistry
concepts with computer simulation, computer
tutorial and traditional method in favor of com-
puter simulation and tutorial, respectively.

This result agrees with the findings of Ak-
pan and Andre (2000), Winberg and Headman
(2007) and Saminathan (2012) who found comput-
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er simulation instructional strategies to be an ef-
fective teaching strategy than the traditional meth-
od of teaching chemistry. However, the findings
disagree with earlier findings of Winnetal. (2007),
which reported that the use of computer simula-
tions to be less effective than traditional instruc-
tion and hands-on laboratory approaches.

This result also agrees with the findings of
Badmus (2007), Egunjobi (2004), Kara and Yesi-
lyurt (2007), Yaakub and Finch (2001), which re-
vealed the effectiveness of computer tutorial
mode over the traditional method in classroom
setting across different disciplines at second-
ary schools level both in Nigeria and outside
Nigeria. However, it disagrees with the finding
of Ramanchandram and Scottler (2003), which
found no significant difference between the tra-
ditional method and tutorial mode on achieve-
ment.

The results of hypothesis two and three
show that there is no gender effect on the
achievement of male and female students taught
chemistry concepts with computer simulation
and tutorial modes. This finding is in agreement
with the results of Adesoji and Babatunde (2005),
Gambari (2004), Faghemi etal. (2012) who found
that male and female students performed equal-
ly well in chemistry, biology, physics and social
studies using computer-based instructional
packages.

The results of hypothesis four showed sig-
nificant differences in the intrinsic motivation of
students taught chemistry using computer sim-
ulation, tutorial and conventional traditional
method in favor of simulation and tutorial, re-
spectively. This finding is in agreement with the
results of Winn et al. (2006) who reported that
intrinsically motivated students are more likely
to persist with challenging tasks and other pos-
itive classroom behaviors as well as performs
better academically.

The results of hypothesis five showed sig-
nificant differences in the extrinsic motivation
of students taught chemistry using computer
simulation, tutorial and conventional traditional
method in favor of simulation and tutorial, re-
spectively. This finding is in line with the results
of Glynn et al. (2009) who found that when col-
lege students reported lower motivation in sci-
ence courses their performance was lower as
well. Similarly, Moos (2010) found that partici-
pants who had high extrinsic and high intrinsic
motivation significantly outperformed those who
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had low extrinsic and low intrinsic motivation.
This finding positively correlated to the perfor-
mance of students exposed to simulation and
tutorial, respectively.

Responses of the learners to the interview
questions as well as the classroom observations
suggest how chemistry concepts could best be
taught to the learners in order to simplify learn-
ing. In response, all the learners from the CSIP
group indicated that chemistry should be taught
using computer simulations in addition to com-
puter tutorials. Overall learner assessments in
the CSIP group suggested that lessons were very
interesting, exciting and educative. This in a way
could explain why learners in the CSIP outper-
formed those in the CTIP and CTM groups on
both achievement and motivational tests. Re-
cent studies conducted by Hwang et al. (2011),
Farhana and Zainun (2012) and Ercan (2014)
showed that using computer multimedia appli-
cations for learning chemistry increased the stu-
dents’ performance in the subject and it enabled
them to develop a positive attitude towards learn-
ing science subjects. The studies further em-
phasized that when students are using multime-
dia applications they can participate more in the
learning processes than using conventional
methods of teaching and learning.

In this present study, learners exposed to
computer simulations performed best on chem-
istry achievement and motivational tests when
compared to those taught without computer sim-
ulations. This therefore confirms the effective-
ness of computer simulations. While the teach-
ers may find it difficult to explain certain facts to
the learners, computer simulations provide sim-
plified explanations that can be easily followed
by the learners. Based on the fact that learners
find learning with computer simulation easier and
interesting, learners in a way became highly
motivated towards learning chemistry as a sub-
ject in the school.

CONCLUSION

The study investigated how intrinsic and
extrinsic motivation could enhance achievement
in Chemistry among the senior secondary school
students using computer simulation instruction-
al package and computer tutorial instructional
package. Computer simulation and computer
tutorial were found to enhance both intrinsic
and extrinsic motivation. Students exposed to
computer simulation have higher extrinsic and
intrinsic motivation than their counterpart in

computer tutorial and conventional method, re-
spectively. Results show that computer simula-
tion and computer tutorial were found to en-
hance learning achievement as well as intrinsic
and extrinsic motivation. In addition, the results
of his study show that the use of technology in
the classroom is gender sensitive, this means
that both male and female students achieved
equally with the use of technology like comput-
er simulation. These have implications to the
curriculum planners such that when they are
designing the curriculum they should plan for
active involvement and use of simulations in
the curriculum. With the use of computer simu-
lation and the fact that students enjoyed new
concepts, which were applicable to the real life
situation, can explain their improved performance
in CAT as well as their positive attitude towards
learning chemistry.

RECOMMENDATIONS

In view of the positive results obtained from
this research, it is therefore recommended that
teachers should be ICT compliant in order to
cope with current trends in pedagogical practic-
es and institution needs to expand their network.
Science teachers and teachers from other disci-
plines should be trained on the effective use of
computer for instruction through seminars, work-
shops and conferences. Teachers can be asked
to take part in in-service training on how to inte-
grate various technological tools into teaching
and learning processes in order to be able to en-
hance their students’ learning especially in ab-
stract subjects like chemistry. Moreover, computer
simulation and tutorial instructional strategies
should be used to bridge the academic gaps that
might exist between male and female science stu-
dents. Students are likely to perform better if they
are intrinsically and extrinsically motivated. There-
fore, the use of computer simulation and tutorial
should be used to increase the students’ motiva-
tion and enhance their active participation in the
classroom. Finally, in order to be able to general-
ize the findings of this research, studies using
subjects other than science to confirm or refute
the findings on the use of computer simulation
are highly recommended.
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