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ABSTRACT The role of computer-assisted instruction in prangptintrinsic and extrinsic
motivation among Nigerian secondary school chemistudents had been investigated. The
study employed two modes of computer-assisteducistm (computer simulation instruction
and computer tutorial instructional packages) amal levels of gender (male and female) using
pretest-posttest experimental group design. Nif@bymales and 45 females) senior secondary
one (SS1) students from three secondary schodidinna, Nigeria, made up the sample. The

schools were purposively sampled and randomly asdigo experimental and control groups.
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The experimental group | was taught two selectedcepts of chemistry using computer
simulation instructional package (CSIP), experirakgtoup Il was exposed to computer tutorial
Instructional package (CTIP) while conventionalcteag method (CTM) was used for the
control group. Validated Chemistry Achievement T¢S&¥AT) and Chemistry Motivation
Questionnaire (CMQ) with reliability coefficient 689 and 0.94 respectively were used for data
collection. Classroom observations as well as weer schedules were also conducted. Data
from CAT and CTM were analysed using One-way ANO#iAd Scheffe’s post-hoc test, while
data from the classroom observations and intergefnedules were thematically analysed. The
outcome of this study revealed that students taugtht CSIP performed better than those in
CTIP and CTM groups. The CSIP and CTIP were fousd to be gender friendly. Moreover,
students taught with CSIP had higher intrinsic exlinsic motivation than their counterparts in
CTIP and CTM respectively. Based on the findings/as recommended that chemistry teachers
should employ computer simulation for improvingitrstudents’ performance and motivation in

the subject.

[. INTRODUCTION

The secret of technological development of anyomdies in the study of science. Unfortunately,
the study of science in Nigeria has been impedea gt of bottlenecks right from primary
school through secondary to tertiary level of edooa(James, 2001). The importance of
chemistry in science and technology cannot be owehasised. Chemistry is often called ‘the
central science’, because its interests lie betwdsmse of physics and biology. Nigerian
government having realised the importance of chieynia the field of science and technology
made it one of the core-courses to be offered Bnee oriented students (FRN, 2008). In the
last decade, reports have shown that secondarylsshalents’ performance in chemistry at
national examinations in Nigeria has been very paomevealed in Table 1. From research
evidences, educators see the pressing need tosrdeprthe techniques and methods of
instruction. To address these challenges and isthare is the need for instructional system and
support technology to give consideration to mednirigarning in basic science.

According to Olorukooba (2007) and Jegede (20Qudylents consider chemistry to be a difficult

field of study. Students’ inability to comprehenaddaremember what has been learnt is mostly
2



caused by teachers-centered approach that makasrepassive listeners. The persistent use of
traditional teaching method where chemistry teactieansmit knowledge to the students who
most of the times are inactive in the classroomreen promoting effective learning. Lack
of motivation has been identified as one of theseauwf poor performance in science. Glynn,
Taasoobshirazi, and Brickman (2009) and Glynn, @@lashirazi, and Brickman (2007)
concluded that motivation to learn science podyivelated to college science performance.

Balancing of equation and periodicity constituéetp of chemistry concepts that teachers
find difficult to teach their students, and studeatso find it difficult to understand (WAEC,
2012). Science courses require students to recaflynfiacts and then connect old and new
concepts. Students often rely on surface strateffiesmemorising facts (Gambari, 2004;
Zeegers, 2001) without any focus on content congrsion or connection. This poses a problem
for college science teaching, because, if meanirigrning does not occur, students may not
truly understand the material and ultimately makeessary connections for solving problems
(Cavallo, Potter, & Rozman, 2004). The absence e&mmngful learning may be due to the
manner in which material is presented or to th& tfawareness of actual skills needed to reach
meaningful learning levels (Gambari, 2010).

Traditional instructional methods have given iffisignt opportunities for student to
construct their own learning. Eliciting studentsdividual capabilities, intelligence and creative
thinking can only be achieved through student cedténstructional methods (Adegoke, 2011).
Large enrollment in science courses, make it diffito address the specific needs of individuals.
Anecdotal evidence suggests that many of theseestsicare poorly motivated, do not see the
relevance of science to their careers, and finensa frustratingly difficult (Emeke & Adegoke,
2001; Arwood, 2004; and Cavallo et al.2004). Poativation in science often leads to low
achievement (Glynn et al., 2007). In order for stutd to be motivated to learn in any discipline,
they must participate in activities that are peadlgnmeaningful and worthwhile (Glynn &
Koballa, 2006).

Computer-Assisted instruction (CAI) software coblel used to transform classroom instruction
into a series of rich memorable experience andefbsx reduce boredom and forgetfulness
(Achuonye, 2011; Yusuf & Afolabi, 2010). It can @lsolve the problem of lack of instructional

material for teaching chemistry, it can be usedthange students’ perspective that chemical

concepts are abstract and difficult to understa@oimputer supported learning environments
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offer several facilities that can be used to imprdhe teaching and learning of chemical
processes. Computer enables repeated trials ofriment with considerable ease in a limited
time. It provides immediate feedback, allows simwéous observation of graphical
representations, and offers a flexible environmbat enables students to proceed on their own
pace (Gambari, 2004; Kara & Yesilyurt, 2007). Magassifications of CAl lessons include
tutorials, drill and practice, simulations, andtinstional games (Badmus, 2007). Each basic
design provides a unique method for using the caengo teach, reinforce, practice, or apply
information.

Using interactive learning environment such as asewpsimulations and tutorial instruction to
teach abstract topics enables students to beconme mctive learners. It also provides
opportunities for students to construct and undacsdifficult concepts more easily (Gambari,
Yaki, Gana & Ughovwa, 2014). In this content, agiate simulations and applications based
on simulations generally increase learning speedallywing students to express their real
reactions easily (Tuystz, 2010). According to Buamsi Myhill (2004), complex information
given to the students is simplified by technologyl rovides them opportunities to learn by
doing. Computer simulations can help reduce thdscassociated with the chemicals and
equipment necessary for laboratory experimentsy The also save time in situations in which
there are few variables being examined. It is aered that if used adequately, simulations
would make it easy to control variables and mayhguevent traditional classroom management
problems (Gambari, Falode, Fagbemi & Idris, 2018)egrating computer simulations into
teaching and learning help students to integraparsgée facts, concepts, and principles into
functional units and assimilate them with othertsinihey are used in situations in which several
knowledge elements have been learned independamidymust be applied collectively (Efe &
Efe, 2011).

Previous researches have demonstrated the e#resig of computer simulations on
student learning. Studies suggest that well-desigioenputer simulations have positive effects
on learning, creativity, decision-making, commutima, thinking power and initiatives (Akpan
& Andre, 2000; Winberg & Headman, 2007; Saminattzi1,2). A good number of these studies
have focused on the acquisition of specific conterdwledge. For example, Akpan and Andre
(2000) found that students who used a computerlatedifrog dissection learned significantly

more on anatomy course than those who performethladissections. Trey and Khan’s (2008)
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investigation indicated that dynamic computer-bagedlogies may enhance college students’
learning of unobservable phenomena in chemistrynbéfig & Headman (2007) developed a
computer simulated pre-lab, which aimed to prepsitglents cognitively to real laboratory

activity about acid-base titration. As a resultiedir study, they concluded that the experimental
group showed a positive attitude towards learnBaminathan (2012) found Computer-Based
Instructional Strategies to be an effective teaghstrategy than the traditional method of
teaching chemistry.

Other investigations have reported less impressisults in utilising computer
simulations in science instruction. Some of themeehfound no advantage to using simulations
over traditional methods. For example, Winn, Walkéreene and Mansell (2006) compared
college undergraduate’s achievement of oceanographngepts through field and simulated
experiences. Results indicated that there was fferelce in overall learning between the
fieldwork and simulation groups. However, otherastigations have shown the use of computer
simulations to be less effective than traditiomatiuction and hands-on laboratory approaches
(Michael 2001; Rieber, 1990).

In computer tutorial, information is taught, veed, and reinforced through interaction
with the computer. Tutorials are often categoriasdinear and branching tutorials (Egunjobi,
2004). A simple, linear tutorial gives the samearnngtional sequence of explanation, practice,
and feedback to all learners regardless of difiegenn their performance. A more sophisticated,
branching tutorial directs learners along alternpé¢hs depending on how they respond to
guestions and whether or not they show mastergxéio parts of the material. Even branching
tutorials can range in complexity by the amountcdnching they allow and how fully they
diagnose the kinds of instruction that a studemtdegDoering & Veletsianos, 2009). Students
are typically questioned during the tutorial toifyecomprehension. Tutorials should teach well-
defined objectives thoroughly enough to eliminate need for repetition through another
teaching system (Kara & Yesilyurt, 2007).

Literature evident in Yaakub and Finch (2001), &ghi (2004) and Badmus (2007)
have revealed the effectiveness of computer tutorniade over the traditional method in
classroom setting across different disciplines estordary schools level both in Nigeria and
outside Nigeria. For instance, Kara and Yesily@@(0(7) assessed the effects of tutorial and

edutainment software programs on students’ achiemé&nmisconceptions and attitude towards
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biology. After the treatment, tutorial and edutaemh improved students’ performance and
changed students’ attitudes towards biology. Sihyilan Egunjobi (2004) reported; students
taught some concepts in geography using computaialmode performed better than those in
computer game and computer drill and practice uesivnal groups respectively. Akram, Athar
& Ali (2011), reported the effectiveness of computatorial on the chemistry students’
achievement over traditional method at higher levdbwever, other studies such as
Ramanchandram and Scottler (2003) found no sigmfidifference between the traditional
method and tutorial mode on achievement. Most ese¢hstudies were based on the regularly
used tutorial mode which incorporated text-onlptgtgy and did not utilise pictures and audio.

Gender has been identified as one of the factdtsencing students’ performance at
Senior Secondary School level in Nigeria (Anagbé&gtzeliora, 2007). Different results and
views of researchers as in studies of differentjesitb such as science, arts and vocational
education in developing countries show that fensaé male students perform differently as a
result of cultural and traditional reasons (WasayuMuhammad 2007). Although some
researchers (Adesoji & Babatunde, 2005; Gambafi42Bagbemi, Gambari, Gbodi & Oyedum,
2011) found that male and female students perforegelly well in chemistry, biology, physics
and social studies) using Computer-based instm@tipackages. Therefore, it is not clear how
gender will influence learning when the differetrategies of the simulation and tutorial modes
are used in teaching chemistry; hence, the inaugib gender in this study became very
necessary.

Motivation is one of the states that drives anstans learning behaviours. There are
many motivational constructs that could relatedadeemic success in college science. However,
researchers have identified intrinsic and extrimsativation, goal orientation, task value, self-
determination, self-efficacy and assessment andstynportant constructs for science learning
(Glynn & Koballa, 2006; Glynn et al., 2009). Howeyvéhis present study focused on intrinsic
and extrinsic motivation as predicator of succasshemistry.

Intrinsic motivation refers to internal desires perform a particular task which is
rewarded by completing the task itself, whereasiresit motivation refers to performance of a
task in order to receive an external reward (Ryabe&i, 2000). In academic situations, intrinsic
motivation leads to deeper processing, greateranasind better implementation of learning

strategies (Covington, 2000). Intrinsically moteatstudents are also more likely to persist with
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challenging tasks and other positive classroomviebes as well as perform better academically
than extrinsically motivated students who might dndw been bribed before they perform the
given tasks (Ryan & Deci, 2000; Walker, Greene, &ngell, 2006).

Extrinsic motivation generally drives behaviourbem students complete tasks for an
external outcome. Extrinsically motivated studentdio fall closer to active personal
commitment on the continuum may be driven to acharily because of the reward. However,
these rewards may also have some intrinsic elemfamtastance, receiving an ‘A’ makes the
student feel good (Walker et al., 2006).

Motivation to learn science at the Junior Secopdahool level (Middle School) is one
of the most important predictors of science cowsgecess (Britner & Pajares, 2006). Moos
(2010) reported that participants who had highiegic and high intrinsic motivation used
significantly more planning and monitoring processénen compared to participants who had
lower motivation scores for either the extrinsicimtrinsic category. Additionally, participants
who had high extrinsic and high intrinsic motivatisignificantly outperformed those who had
low extrinsic and low intrinsic motivation.

Considering the general academic success, Kaufigars, and Lopez-Wagner (2008)
investigated whether intrinsic and extrinsic madiiva separately predicted students’
performance. A significant positive relationshiptaeen intrinsic motivation and students’
performance was found, and there was a negatiatiaeship between extrinsic motivation and
students’ performance (Kaufman et al., 2008). WatsddcSorely, Foxcraft, and Watson (2004)
studied the effects of both intrinsic and extringiotivation on a specific college final course
grade. They found that higher levels of both mdiora orientation variables positively
correlated with higher course grades (Watson et2804). Garcia (1993) found both intrinsic
and extrinsic motivation positively predicted finaburse grades in organic chemistry. In
contrast, Yu (1999) found that intrinsic motivatinegatively predicted course performance in
college chemistry. Glynn, Taasoobshirazi, and Bniak (2007) investigated the relationship
between overall motivation to learn science ancers® performance. They reported that
students found science courses relevant to thewecst both their motivation and science
performance were higher. In another study, Glyramsbobshirazi, and Brickman (2009) found

that when college students reported lower motivaiioscience courses their performance was



lower as well. However, students can be simultaskyauatrinsically and extrinsically motivated
(Kaufmann et al., 2008; Watson et al., 2004, LitKkdachie, & Kim, 2002).

In spite of the unprecedented impact of Computesigted Instruction (CAl) on science
education in advanced countries, it has not madehnineadway in Nigeria. Little is known
about the use of computer-assisted instructionakae in the Nigerian educational system
particularly the use of simulation and tutorial medin addition, very few empirical studies exist
in Nigeria regarding the use of CAl as a motivatorchemistry learning. Therefore, much
remain to be empirically studied on the effect &l @ chemistry education, in Nigeria. Based
on this fact, this present study examined the effeaf two modes of computer assisted
instruction (tutorial and simulation) on the acadeperformance and motivation of chemistry

students in senior secondary one in Minna, NigateSNigeria.

RESEARCH QUESTIONS

This present study is guided by the following reska@uestions:

1. What are the differences in the achievement ofeitgdtaught chemistry using computer
simulation instructional package, computer tutoriagtructional package and conventional
teaching method?

2. Is there any difference in the mean achievementescof male and female students
exposed to computer simulation instructional paekag

3. Is there any difference in the mean achievementescof male and female students
exposed to computer tutorial instructional package?

4. What are the differences in the intrinsic motivatiof students taught chemistry using
computer simulation instructional package, computetorial instructional package and
conventional teaching method?

5. What are the differences in the extrinsic motivatad students taught chemistry using
computer simulation instructional package computetorial instructional package and

conventional teaching method?

RESEARCH HYPOTHESES



The following null hypotheses were formulated éested at 0.05 level of significance:
1. There are no significant differences in the perianoe of students taught chemistry using
computer simulation instructional package, computetorial instructional package and
conventional teaching method.
2. There is no significant difference in the mean aeéiment scores of male and female
students exposed to computer simulation instruatipackage.
3. There is no significant difference in the mean acbiment scores of male and female
students exposed to computer tutorial instructipaakage.
4. There are no significant differences in the inignsnotivation of students taught
chemistry using computer simulation instructionackage, computer tutorial instructional
package and conventional teaching method.
5. There are no significant differences in the extdnmotivation of students taught
chemistry using computer simulation instructionackage, computer tutorial instructional

package and conventional teaching method.

. METHODOLOGY

Study Design

This study adopted the pretest-posttest experirhagitaup design, one of the quantitative
research methods. Three levels of independentblasigtwo experimental groups and a control)
and two levels of gender (male and female). Theeewpental group | was taught two selected
concepts of chemistry using computer simulatiortricsional package (CSIP), experimental
group Il was taught the same concept using computerial instructional package (CTIP)

whereas the control group received the conventitgadhing method (CTM). Comparisons of
the academic performances and motivation of thenéza in chemistry were drawn by

comparing the responses of the learners in the gmaups.

Population and Sample
Multi-stage sampling techniques were adopted ferpirpose of this study. Firstly, a purposeful
sampling procedure was adopted to obtain threenslacy schools in Minna metropolis of Niger

State, Nigeria. These schools were sampled base@adities (laboratories and manpower),
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school type (public schools), and gender compas{ito-educational schools). The three schools
were randomly assigned to experimental group | RC&loup), experimental group Il (CTIP
group) and control group (CTM group) respectivéiratified sampling technique was used to
select the 90 SSI students. Each group had 30 reid@5 male and 15 female). Finally,
purposeful sampling was also use to select 5 stadesm each of the groups for the interview

scheduled.

Research Instruments

Data were collected using Chemistry Achievementt TEAT), Chemistry Motivational
Questionnaire (CMQ) and an interview guide as asltlassroom observations. Both CAT and
CMQ were administered by the first researcher gseatest and subsequently as a post-test.
Questions in the post-test were the same like theed in the pre-tests; however questions in the
post-tests were numbered differently to avoid redomn. The pre-tests assessed the two
experimental groups and the control groups’ prioowledge of the chosen chemical concepts
while the CMQ assessed their motivation toward de@gnlearning. The post-tests assessed the
learners’ understanding and motivation of conceyftisr the instruction. An interview guide of
open-ended questions was also used to collecietkiaformation from five selected learners in
each group regarding the subject to determine thetivation towards chemistry. The classroom
observations were also carried out in order tordetee what the students were actually doing

during the lessons.

Chemistry Achievement Test (CAT).

The Chemistry Achievement Test (CAT) consists @fnaultiple choice objective items
with five options (A — E) adopted from past exantioras of West African Examination Council
(WAEC, May/June 2008 - 2012) and National ExamoratCouncil (NECO, June/July, 2008-
2012). The content validity of CAT was establisligdmatching the test items with the subject
matter outlined in the Nigerian chemistry O-levehd¢hing syllabus. The appropriateness of the
options provided for each item was checked by lodependent reviewers (subject teachers, test
and measurement experts, University lecturers aodnelary school teachers) and suggestions
were incorporated in the final version which cotesisof 50 questions. To establish reliability of

10



CAT, the achievement test was piloted to 50 learmeranother school within the same local

government and a Cronbach Alpha 0.89 was obtainddhas was considered to be acceptable.

Chemistry Motivational Questionnaire (CMQ)

Chemistry Motivational Questionnaire (CMQ) was pigal from Science Motivation
Questionnaire by Glynn and Koballa (2006). Sciekcgivational Questionnaire (SMQ) has six
motivational components, each component has fem-ifive point scale and their associated
items included intrinsically motivated science teag, extrinsically motivated science learning,
personal relevance of learning science, self-detattion (responsibility) for learning science,
self-efficacy (confidence) in learning science, amkiety about science assessment. In this
study, two components were chosen for measuringirttimsic and extrinsic motivation of
students toward chemistry. CMQ has ten-items whantitain 5-items for intrinsically motivated
chemistry learning (items 1, 2, 3, 4, and 5), artes for extrinsically motivated chemistry
learning (items 6, 7, 8, 9, and 10). It consist$iva# point Likert type items (Never, coded as 1;
Rarely, coded as 2; Sometimes, coded as 3; Usgallied as 4, & Always, coded as 5).

Examples of items in intrinsically motivated chetry learning component include; “I
enjoy learning the chemistry”; “The chemistry Ileas more important to me than the grade |
receive”. Examples of items in extrinsically moted chemistry learning components include;
“I like to do better than the other students on themistry tests”; “I think about how my
chemistry grade will affect my overall grade poiawerage”. Glynn, Taasoobshirazi, and
Brickman (2007) had earlier pilot studied the 3#¥tScience Motivation Questionnaire with
science and non-science majors students and Ol@Biliey coefficient was obtained using
Cronbach Alpha reliability coefficient. These itemere found to be reliable and valid. SMQ
items which had been previously used for collegelestts, they are therefore considered to be

suitable for Senior Secondary One science studemgeria.

Interview Schedule

In order to get deeper understanding of the stisdémtrinsic and extrinsic motivation,
five students were interviewed from each group. $hedents were asked questions such as
“Based on the two topics you have learnt so fad{d)you enjoy learning the chemistry? (2) do

you think you have accomplished a lot by learnihgmaistry this way? (3) do you think that
11



using computer simulations could help you to uni@ei chemistry better? (4) do you think you

will do better than the other students on the #8sts

Learning environment

The learning environment for this study comprisédComputer Simulation Package
(CSP) and Computer Tutorial Package (CTP). The gk which were validated by team of
experts consist of concepts of periodicity and docehequations.

In Computer Simulation Package, computer presefidsmation and displays animation
to the learner in each of the units. Informatiorpiesented in form of a frame, mastery of a
frame led to the presentation of the next frameother words, students could only proceed to
the next frame if they satisfactorily answereddhbestions in that frame. This approach uses drill
and practice and it allows students to move ahbisdwn pace, get immediate feedback, and feel
the movement of the objects among others.

In the Computer Tutorial Package, computer displajormation to the learner on each
of the units with static pictures after which theidents jot down the key concepts in their
notebook. At end of each unit, students assesssdstlves with objective questions. Computer
displays the number of questions scored correatly those wrongly answered. The correct
answers were displayed against the wrong answarsstiocdents to compared and take
corrections. Students moved to the next lessomely satisfactorily answered the questions and
obtained a score of 70%. However, when a studeist feore than three questions (30%), the
computer package will give a remedial lesson ohphsticular concept or questions then he/she

moves to the next unit.

RESEARCH PROCEDURE

After obtaining permission from the three schodsiministrators to conduct the study, the
researcher installed both CSP packages on theagestitnputer system of treatment groups. The
objectives and the modalities of the experimentsewspecified and operational guide was
produced before the commencement of the treatrAdet. this, the researcher administered both
CAT and CMQ pre-tests to the sampled students. fAdliged to ascertain the equivalence of the

students before the treatment. Treatment was fellommediately; the two experimental groups
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were taught periodicity and chemical equations gi€lomputer Simulation Package (CSP) and
Computer Tutorial Package (CTP) respectively ovgrerod of four weeks. By incorporating

computer simulation packages into the teaching exiogicity and chemical equations, the

researchers assume that simulations would impa¢henearners’ learning by developing the
learners’ ability to break down the complex andtea$ structure of the periodic table and

balancing of the chemical equations. It will alsoalle the learners to resolve any
misconceptions they might have about the conceqtsraprove their conceptual understanding.
On the hand, the control group was taught usindjticmal method where the teachers will just
teach the learners and give them note to read @n dwn but no computer simulations were
used for them. Thereafter CAT and CMQ were admenest as post-tests to measure the

achievement and motivation of the sampled studargach of the school.

Data Analysis

Both quantitative and qualitative data were cadlddor the purpose of this research. The
guantitative data collected were analysed usings8tal Package for Social Scientists (SPSS)
version 18. The data were analysed based on thedstypotheses using both descriptive
statistics (mean and standard deviation) and infedestatistics (t-test, one-way Analysis of
Variance (ANOVA) and Scheffe’s test) were used nalgse the data. The significance of the
various statistical analyses was ascertained &tdlgha levels.

Data obtained from the guided interviews and ctas®s observations were analysed
thematically using Braun and Clarke (2006) approabkre texts were read and re-read to de-
contextualize bits of information from primary dataformation was grouped into similar,
dissimilar components and later re-examined agairesfpurpose of study in order to generate

themes.

Ill. RESULTS

The overall scores of the pre-test for the compsitaulation instructional package (CSIP) were
(mean 82.87+ 2.3 SD), scores for the computer ialtorstructional package (CTIP) were (mean
76.13+£1.8 SD), while that of the conventional teaghmethod (CTM) were (mean 63.37 £1.8

SD).
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Hypothesis One:There are no significant differences in the perfamge of students taught
chemistry using computer simulation instructionahclkage (CSIP), computer tutorial
instructional package (CTIP) and conventional teagimethod (CTM). To determine whether
there were significant differences in the post-taean scores of the CSIP, CTIP and CTM, data
were analyzed using the analysis of variance (ANQ¥#&shown in Table 2.

Table 2 shows the pre-test result of ANOVA compagriwo experimental groups and
control group. From Table 2, the F-value (1.07, @.35) was not significant at 0.05 alpha level.
This implies that there was no significant diffesxeramong the mean scores of the experimental
group I; experimental group Il and the control grai 0.05 level of significance.

From Table 2, post-test result of ANOVA comparitvgo experimental groups and
control group shows the F-value (214.45, p = 08} significant at 0.05 alpha level. This
indicates that statistically significant differeme@s established among the experimental groups
and control group. Hence the null hypothesis ong))(Mas rejected. Based on the established
significant difference in the post-test scoresh& groups, Scheffe’s test was used for post-hoc
analysis. The results of this post-hoc analysisaarehown in Table 3.

The result in Table 3 indicates that there wariggnt difference in the post-test mean
scores of students exposed to CSIP (X = 82.87)thase exposed to CTIP (X = 76.13). It
indicates significant difference in the post-testam scores of students exposed to CTIP (X =
76.13) and those exposed to CTM (63.37). Signifiddifierence was also established in the
post-test mean scores of students exposed to GS#3Q.87) and those exposed to CTM (X =
63.37).

Hypothesis Two:There is no significant difference in the mean ecément scores of male and
female students exposed to CSIP.

To test this hypothesis, t-test statistics was tigehalyse the mean scores. The summary
of this analysis is shown on Table 4.

Table 4 presents the t-test analysis of male andhlfe students in CSIP group. The mean
score of the male students is 83.60 and 82.13Herfémales. The t-value of 1.241 was not
significant at 0.05 level. This indicates that thé no significant difference between the male

and female students taught with CSIP, (t = 1.24= &8, p = 0.23). Hence, Havas upheld.
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Therefore, there is no significant difference betwemale and female students taught with

computer simulation instructional package.

Hypothesis Three: There is no significant difference in the mean esoof male and female
students exposed to CTIP. To test this hypothésest statistics was also used to analyse the
mean scores. The summary of this analysis is showable 5.

Table 5 presents the t-test of male and femaleestsdbf CTIP group. The mean scores of the
male students were 77.20 and male 75.07 for thal&estudents. The t-value of 1.42 was not
significant at the 0.05 leveTlhis indicates that there was no significant défere between the
male and female students taught with CTIP, (t 2,14 = 28, p = 0.17). Hence, klwas upheld.
Therefore, there is no significant difference betwemale and female students taught with

computer tutorial instructional package.

Hypothesis Four: There are no significant differences in the infiinsotivation of students
taught chemistry using CSIP, CTIP and CTM. To duiee whether there were significant
differences in the post-test mean scores of th&CSTIP and CTM groups, data were analyzed
using the analysis of variance (ANOVA). Table 6\8hdhe result of the analysis.

The result in Table 7 indicates that there wasisogmt difference in the post-survey mean
scores of students exposed to CSIP (X = 3.74) lamsktexposed to CTIP (X = 3.17). It indicates
significant difference in the post-survey mean ssmf students exposed to CTIP (X = 3.17) and
those exposed to CTM (X = 1.78). Significant difflece was also established in the post-survey
mean scores of students exposed to CSIP (X = antijhose exposed to CTM (X = 1.78).

Table 6 shows the pre-survey result of ANOVA commpgtwo experimental groups and control
group. From Table 6, the F-value (2.51, p = 0.08% wot significant at 0.05 alpha level. This
implies that there was no significant differenceoam the mean scores of the CSIP; CTIP and
CTM groups at 0.05 level of significance.

Also the result presented in table 6 shows thé-gpawey result of ANOVA comparing
two experimental groups and control group. Fromtétiee, the F-value (153.25, p = 0.00) was
significant at 0.05 alpha level. This indicates ttlstatistically significant difference was
established among the experimental groups andatogitoup. Hence the null hypothesis four

(Ho4) was rejected. Based on the established signtfiddierence in the post-survey scores of
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the groups, Scheffe’s test was used for post-hatysis. The results of this post-hoc analysis are

as shown in Table 7.

Hypothesis Five: There are no significant differences in the extdnsotivation of students
taught chemistry using CSIP, CTIP and CTM. To duiee whether there were significant
differences in the post-test mean scores of th&CSTIP and CTM groups, data were analysed
using the analysis of variance (ANOVA). Table 8whdhe result of the analysis

Table 8 shows the pre-survey result of ANOVA conmgatwo experimental groups and control
group. From the table, the F-value (0.19, p = 0\883% not significant at 0.05 alpha level. This
implies that there was no significant differenceoag the mean scores of the CSIP; CTIP and
CTM groups at 0.05 level of significance.

From Table 8, post-survey result of ANOVA comparimgp experimental groups and control
group. From Table 8, the F-value (119.44, p = 0WA} significant at 0.05 alpha level. This
indicates that statistically significant differeme@s established among the experimental groups
and control group. Hence the null hypothesis fddwsj was rejected. Based on the established
significant difference in the post-survey scoreshaf groups, Scheffe’s test was used for post-
hoc analysis. The results of this post-hoc analysi® as shown in Table 9.
The result in Table 9 indicates that there wasisogmt difference in the post-survey mean
scores of students exposed to CSIP (X = 3.42) lamsktexposed to CTIP (X = 2.97). It indicates
significant difference in the post-survey mean ssmf students exposed to CTIP (X = 2.97) and
those exposed to CTM (1.64). Significant differeneas also established in the post-survey
mean scores of students exposed to CSIP (X = artPjhose exposed to CTM (X = 1.64).

In addition to the achievement and motivationatsteshich was used to assess the learners’
knowledge and motivational strategy when learniegqalic table and balancing of the chemical
equations, an interview guide was conducted fotuBlesits in each of the groups. This enabled
the researchers to have deeper understanding oftthleents’ motivational strategy when
learning chemistry. Students in the CSIP and CTiéugs who were taught chemistry using
computer simulation instructional package and cdempuutorial instructional package
respectively were asked about how they enjoyed tbaining as against learning in their normal

traditional method of learning.
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Three themes; preference, engagement and confidesreeidentified from both interview and
classroom observation of the experimental grougsare or two quotations are presented on
each of them below:

Preference One of the questions we asked the students imthevziew guide was that learners
should tell us whether they enjoyed enjoy learrtimg chemistry based on the just completed
lesson where they used computer simulation instnuat package. The vast majority of the
learners reported that they liked the concept d¢drimzang the given equation on the screen by
adding coefficients so that the equation is baldncerrectly. For instance, one learner

commented that: usingpmputer simulation, | was able to count the

number of molecules on right hand and that of tefhd. If they are equal then | know the
equation is balanced.

Base on all the students’ responses to the experiehlearning with computer simulations, we
can say clearly that they preferred trying out ¢ision their own instead of the teacher telling
them or writing the balanced equation for them asildl be the case if computer simulations
were not integrated in the teaching and learninggss.

EngagementThe classroom observations of the students in Xiperenental group | and the
students’ response to our question on what theykthbout their accomplishment by learning
chemistry using computer simulation provide conétary evidence of the students’ engagement
during learning processes. Of particular note &rtbhse of the computer simulation to balance
equation easily and with excitement. The reseasth@assroom observation notes show that
students in the experimental group | especially ewengaged with the learning activity
throughout the period of the study compared toother two groups. Perhaps this is because, as
one of the students we interviewed noted, the osgater simulation makes the activities seem
more like what “real scientistho. As another student comment8ds really fun. It's nicer than

the traditional method.”

Confidencelearners were asked if and hove@mputer could make difficult concepts easy for
them to understand. In their responses, most ofedimers agreed that a computer could make
difficult concepts simple and easier to understdieky also explained that the manner in which
a computer presents concepts is fascinating aralBef its multi-functionality it can combine

sound and visual aspects. Learners explained deatgs the movement of molecules in form of
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moving pictures and text actually eliminate thetedusness of concepts and present a virtual
reality, which makes complex concepts seem siniiey remarked that:

Computer simulations are very wonderful and exgitiecause one can visibly see the pictures
and the text on the screen at the same time.

In the case of the control group, only one theme idantified: both periodicity and balancing
chemical equations were difficult. All the learnarglicated that periodicity and balancing
chemical equations were difficult for them to uredand. Finally, learners in the control group
confessed that chemistry was boring to them antdthee was no way in which it could be
easily understood.

In summary, findings show that the use computeukition can increase student motivation and
engagement in learning, especially their motivatmmards exploring difficult concepts on their

own.

V. DISCUSSION

This present study investigates the influence ofater-assisted instruction towards promoting
intrinsic and extrinsic motivation as well as leansi achievements when learning chemistry.
Since the learners’ understanding of both peri¢alote and balancing of the chemical equation
concepts was established from the pre-tests, wiviab administered to all the groups, any
difference in the achievement and the motivati@tategy should be accounted to the computer
simulations and computer tutorial, which were oaqtilised in the two experimental groups.
Results show that there was no statistically sigaiit difference between the performance of the
two experimental groups and control group in thetest (F-value (1.066, p = 0.349) (Table 2),
implying that the three groups were similar.

Therefore, results of hypothesis one which revé@ds there was significant difference in the
learning achievements of those taught chemistreems with computer simulation, computer
tutorial and traditional method in favour of comg@usimulation and tutorial respectively.

This result agrees with the findings of Akpan anadfe (2000), Winberg & Headman (2007)
and Saminathan (2012) who found computer simulatistructional strategies to be an effective
teaching strategy than the traditional method aefciéng chemistry. However, the findings

disagree with earlier findings of Winn, Walker, &ne & Mansell (2007) which reported that the
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use of computer simulations to be less effectiventiiraditional instruction and hands-on
laboratory approaches.

This result also agrees with the findings of Badf@7), Egunjobi (2004), Kara and Yesilyurt
(2007), Yaakub & Finch (2001) which revealed thie@fveness of computer tutorial mode over
the traditional method in classroom setting achfsrent disciplines at secondary schools level
both in Nigeria and outside Nigeria. However, gatirees with the finding of Ramanchandram
and Scottler (2003) which found no significant effnce between the traditional method and
tutorial mode on achievement.

The results of hypothesis two and three show tiexetis no gender effect on the achievement of
male and female students taught chemistry conoefits computer simulation and tutorial
modes. This finding is in agreement with the resoft Adesoji and Babatunde (2005), Gambari
(2004), Fagbemi, Gambari, Gbodi and Oyedum, (204®) found that male and female students
performed equally well in chemistry, biology, physiand social studies) using Computer-based
instructional packages.

The results of hypothesis four showed significaiffecences in the intrinsic motivation of
students taught chemistry using computer simulatiomorial and conventional traditional
method in favour of simulation and tutorial respeay. This finding is in agreement with the
results of Winn, Walker, Greene & Mansell (2006)omeported that intrinsically motivated
students are more likely to persist with challeggitasks and other positive classroom
behaviours as well as performs better academically.

The results of hypothesis five showed significaiffecences in the extrinsic motivation of
students taught chemistry using computer simulattomorial and conventional traditional
method in favour of simulation and tutorial respesdy. This finding is in line with the results of
Glynn, Taasoobshirazi, and Brickman (2009) who tbdimat when college students reported
lower motivation in science courses their perforogamvas lower as well. Similarly, Moos
(2010) found that participants who had high extdrad high intrinsic motivation significantly
outperformed those who had low extrinsic and lowinsic motivation. This finding positively
correlated to the performance of students expassdhrtulation and tutorial respectively.
Responses of the learners to the interview questam well as the classroom observations
suggest how chemistry concepts could best be taadghe learners in order to simplify learning.

In response, all the learners from the CSIP gradcated that chemistry should be taught using
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computer simulations in addition to computer twtsi Overall learner assessments in the CSIP
group suggested that lessons were very interesgxugting and educative. This in a way could
explain why, learners in the CSIP outperformed ¢hmsthe CTIP and CTM groups on both
achievement and motivational tests.

This study therefore shows that learners exposecbioputer simulations performed best on
chemistry achievement and motivational tests whempared to those taught without computer
simulations, this therefore confirms the effecteesn of computer simulations. While the
teachers may find it difficult to explain certaiacfs to the learners, computer simulations
provide simplified explanations that can be easiljpwed by the learners. Based on the fact that
learners find learning with computer simulationieaand interesting, learners in a way became
highly motivated towards learning chemistry as laject in the school.

On a general note, the results support the findofg&/atson, McSorely, Foxcraft, and Watson
(2004) who found that higher levels of both motieatorientation variables positively correlated
with higher course grades. It is also in line warcia (1993) who found both intrinsic and

extrinsic motivation positively predicted final ase grades in organic chemistry.

V. CONCLUSION

The study investigated how intrinsic and extrinsiotivation could enhance achievement in
Chemistry among the senior secondary school stadesihg computer simulation instructional
package and computer tutorial instructional package

Computer simulation and computer tutorial were fbim enhance both intrinsic and extrinsic
motivation. Students exposed to computer simulati@ve higher extrinsic and intrinsic
motivation than their counterpart in computer tigtlband conventional method respectively.
Results show that computer simulation and computirial were found to enhance learning
achievement as well as intrinsic and extrinsic waiton. In addition gender has no effect on the
achievement of male and female students taught iskrgntoncept with computer simulation
and tutorial modes. Both the male and female peréor equally well in the chemistry

achievement test using computer simulation anditltmodes, above the traditional method.

VI. RECOMMENDATIONS
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Fromthe finding of this study, the following recommetidas were proffered:

I. Teachers should be ICT compliant in order to cojith wurrent trends in pedagogical
practices and institution needs to expand theivat. Science teachers should be trained on the
effective use of computer for instruction througimsnars, workshops and conferences.

ii. The use of computer simulation and tutorial indiomal strategies should be used to
bridge the academic gaps that might exist betwesde and female science students.

iii. Students’ are likely to perform better if they am@rinsically and extrinsically motivated.
Therefore, the use of computer simulation and taltcshould be used to increase students’
motivation and enhance their active participation.

iv. Finally studies using subjects other than scienceohfirm or refute our findings on the
use of computer simulation is highly recommended.
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TABLES

Table 1: Percentage performance of students in Majtine WASSCE, 2005-2011 in Nigeria at credit leveha 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
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Table 2. ANOVA pre-test on CSIP, CTIP and CTM groups

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

Pretest Within Groups 541.23 87 6.22 107 0.35
Total 554.50 89
Between Groups 5885.76 2 2942.88

Post-test  Within Groups 1193.90 87 13.72 214.45*000.
Total 7079.66 89

ns: Not Significant at 0.05 level * Significant at 0.05 Tevel

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

Groups Mean Scores CSIP CTIP CT™M
CSIP 82.87 *0.00 *0.00
CTIP 76.13 *0.00 *0.00
CT™M 63.37 *0.00 *0.00
* The mean difference

significant at the 0.05 level

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

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

value
Male 15 83.60 3.23
Female 15 28 82.13 1.24 0.23
3.25
ns: not Significant at 0.05 Tevel
Table 5: t-test analysis on achievement scores ofate and female students in CTIP group
Variable N df Mean(+) SD t- p-
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value value

Male 15 77.20 4.46
28
Female 15 75.07 3.77 142 0.17
ns
ns: not Significant at 0.05 level
Table 6: ANOVA pre-test and posttest on CSIP, CTIRand CTM groups
Types Source of Sums of df Mean F-value p-value
variables Square Square
Between Groups 0.37 2 0.19 2.51 0.09
Pre- Within Groups 6.48 87 0.07
motivation
Total 6.86 89
Between Groups 60.90 2 30.45 153.25* 0.00
Post- Within Groups 17.29 87 0.11
motivation
Total 78.18 89
* The mean difference Is significant at the 0.05 le]
Table 7: Scheffe’s post-hoc analyses of the groupeean scores
Groups Mean CSIP CTIP CTM
Scores
CSIP 3.74 *0.00 *0.00
CTIP 3.17 *0.00 *0.00
CT™M 1.78 *0.00 *0.00

* The mean difference is significant at the 0.0%Vel.
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Table 8: ANOVA pre-test and posttest on CSIP, CTIRand CTM groups

Types Source of Sums of df Mean F-value p-
variables square Square value
Between 0.04 2 0.02 0.1% 0.83
Groups
Pre- Within 10.34 87 0.12
motivation  Groups
Total 10.38 89
Between 50.99 2 25.50 119.44*0.00
Groups
Post- Within 18.57 87 0.21
motivation Groups
Total 69.57 89
ns: Not Significant at 0.005 level* Significant ab.05 level
Table 9: Scheffe’s post-hoc analyses of the groupgean scores
Groups Mean CSIP CTIP CT™M
Scores
CSIP 3.42 *0.00 *0.00
CTIP 2.97 *0.00 *0.00
CT™M 1.64 *0.00  *0.00

* The mean difference is significant at the 0.05 lel
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