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Abstract
This study examined the influence of virtual laboratory strategy on the achievement of

secondary students in physics practical in Minna, Nigeria. The study also investigated the
influence of gender and retention on the use of virtual laboratory strategy. Pretest, posttest
experimental and control groups design was adopted. Three hypotheses were formulated at
0.05 level of significance. Two co-educational secondary schools were selected from Minna
metropolis for this study. The sample consists of thirty two (32) senior secondary two (SS 1)
physics students. 16 students were randomly selected from each school and assigned
Experimental and Control groups. The experimental group (n =16) was exposed to virtual
laboratory strategy while the control group (n = 16) was exposed to conventional laboratory
method. Two research instruments were used in this study: (i) Practical Physics Achievement
Test (PPAT) was used as a testing instrument, it comprised of 40-item multiple-choices physics
achievement test; (ii) Virtual Laboratory Strategy Package (VLSP) was used as a treatment
instrument, made up of three components (text, video and simulated experiment). The
instruments were validated by experts. The Kudar-Richardson (KR=21) formula yielded 0.92
reliability coefficient. t-test, mean and standard deviation were used to test the hypotheses at
0.05 levels of significance. The results from the findings revealed that students’ taught physics
practical using virtual laboratory strategy performed better than those taught using
conventional laboratory method (t.,= 0.247, df = 30, p = 0.000). There was no significant
difference between the mean achievement scores of male and female students taught physics
practical using virtual laboratory strategy (teg= 0.247, df = 14, p = 0.809). Students’ taught
physics practical using virtual laboratory strategy performed better in retention test than those
taught using conventional laboratory method (t.y= 7.777, df = 30, p = 0.000). There was no
significant difference between the retention mean scores of male and female students taught
physics practical using virtual laboratory strategy (t.o= 0.837, df = 14, p = 0.417). Based on the
findings, it was recommended that virtual laboratory strateqy should be used to supplement
physics practical in conventional laboratory setting or adopted as alternative in the absence of

standard physics laboratory for practical physics.
Keywords: Virtual laboratory, Physics, Achievement, Retention, Gender

Introduction

Science and technology would be incomplete without physics. Physics is applied to
almost every human activity, as every profession involves some elements of physics (Michael,
2006). The significance of physics has made it imperative for its inclusion in the Nigerian senior
secondary school curriculum for science oriented students (FRN, 2004). In spite of the
importance of physics as a requirement for many specialized science and engineering courses at
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the tertiary educa:tional_institutio'ns, students’ performance at the seconda
school) in Nigeria is not encouraging.

The performa'nce'of .students in physics as a subject in the Senior School Certificate
Examinations (SSFE) in nge‘rla from 2007 to 2011 has been poor. The percentage of students
that passed physics a.t crgdlt levels and above (A1 - C6) had consistently been less than 50%
(West African Exan.unatlon _ Council [WAEC] Report, 2011). This can be"traced to poor
performance in physics practical which consist of 40% of the total marks in physics examination,

Students need practical experiences to enable them understand some abstracts
concepts in physics, therefore, effective use of laboratory equipment and facilities will improve
the mastery of physics concepts. However, most of the public secondary schools in Nigeria are
faced with lagk of laboratory or equipment, or insufficient lab conditions which limits the
teacher to pegform a simple laboratory activity (Adekunle & Hussaini, 2001). Also, the cost of
carrying out experiments, arranging the equipment and laboratory activities are laborious and
much time consuming. Checking students’ performance during the laboratory activities can be
tasking and laborious especially when dealing with large class (Yuysuz, 2010). When taking
these challenges into consideration, looking for appropriate alternatives is inevitable, hence,
the use of virtual laboratory in supporting the laboratory methods can be a logical one.

The potential benefits of virtual laboratory environment for physics practical cannot be
underestimated in the contemporary world. Virtyal laboratory.makes students become active
in their learning, provide opportunities for students to construct and understand difficult
concepts more easily. Furthermore, it affords the learners to overcome mistakes that occur as a
result of such laboratory conditions or misuse of the laboratory and enable them to easily
overcome the possible dangers that can be seen in the real laboratory conditions
(Karamustafaoglu, Aydin & Ozmen, 2005). Pyatt and Sims (2012) explain that using virtual lab
increases motivation and desire for the lectures and laboratory in the process of learning. It
also provides an affordable, safe, easy and ideal working environment. Furthermore, Budhu
(2000) asserts that the short-term purpose of virtual lab programmes is to support actual
physics laboratories, while their long-term purpose is to replace them.

In a review of empirical studies on virtual laboratory, Tatli and Ayas (2(_)12-) and
Shegog; Lazarus; Murray; Diamond; 5essions; and Zsigmond (2012) fgund sngmﬁcarjt
improvement in the performance of students expose(_j to virtual lab than thelr_ counterparts in
the conventional laboratory method. Flint and Stewart (2010) reported th?t virtual l?boratory
Was less expensive and ten times faster than a traditional Iaboratory. exercise yet aChlEVE.d the
same learning outcomes for students who were already familiar with laboratory techniques.
Tuysuz (2010) found that virtual laboratory strategy made pc?smve effects on students
achievemems and attitudes when compared to conven.tlonal Iaboratory method.
Karamustafaoglu, Aydin & Ozmen, 2005) found that the teaching by th.e vu‘rtuall Iabora(tjogy
Strategy with an applied dynamic system is more successful than the teaching implemente hy
traditional laboratory method. Alkazemi (2003) also found that the treat'ment group who
tompleted the virtual lab activities in electrochemistry before the actual physical lab pe‘rformed
slightly better than the other group. Van-LeJeune (2002) found that use of computer—s.lmulated
eXperj ! . . ; isc si jon i ijence education classrooms improves
o Periments and interactive videodisc simulation in sci e e a5 compared ta traditional
Scll'::(:“:lp:ﬁblem solving ability and other higher-order thinking s

aboratory activities. o
‘ HOWever,ryHallt(ZOOO); Jimoyiannis and Komis (2000); Bayrak, Kanh & Kand.lllng?c,i (5007(1)
did not e the performance of students taught with vurtua' ab an
ind any différence between p. ' 1993) reported no significant
Ose taught with traditional lab method. Similarly, Moslehpour (
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difference. between the students taught’ using computer simulation in an electronics class
laboratory and those taught using conventional class laboratory method.

Gender issues have been linked with performance of students in academic tasks in
several studies but without any definite conclusion. Some studies revealed that male students
performed better than the female in science courses. For instance, Kost, Pollock
and Finkelstein (2009) found that male students performed better than female in interactive
physics, while Ana'gbogu and Ezeliora (2007) found that girls performed better than boys using
science process skills method of teaching. However, Adeyemi (2008), Gambari (2010) and Orabi
(2007) reported that gender had no effect on academic performance of students.

‘R_etention is a crucial issue in learning science concepts. In some review of empirical
studies on retention in science concepts, Lux (2002) found that there was 80% increase in
retention rate when students were exposed to virtual laboratory during microbiology class.
Similarly, Kara (2008) reported that using computer assisted instructional package improved the
achievement and retention of students in science education. Also, they did not find any gender
difference in achievement and retention of students taught with virtual laboratory strategy and
computer assisted instructional package with microbiology and science. ’

Virtual lab is an innovation in Nigerian education system particularly at secondary school
level, therefore, this study examined the effect of virtual laboratory on the performance of
secondary school students in physics practical in Minna, Niger State, Nigeria,

Statement of the Problem
" Physical experiments are rarely performed in some public secondary schools in Nigeria

due to lack of equipment, facilities and other logistic problems. (Adekunle & Hussaini, 2001). In
order to overcome some challenges associated with laboratory activities in science classes,
s need for application of virtual laboratory to supplement classroom demonstration or
adoption in the absence of physical laboratory. Most of the earlier studies indicate that virtual
lab could be an effective instructional tool for enhancing students’ performance in sciences.
However, there is very little quantitative and qualitative research on the effectiveness of virtual
laboratory strategy for conducting physics practical; gender influence; and effect of retention
with virtual laboratory and its potential as a substitute for physical laboratory agtivities at the
senior secondary school level in Nigeria. At present, many science laboratories arg not properly
functioning, incorporating virtual laboratory strategy at the senior secondary school level is
desirable, therefore, this study examined the effect ‘of virtual laboratory strategy on the
achievement of secondary school students in physics practical in Minna, Nigeria.

Research Questions

The following research questions were raised for the study:
(i) Is there any difference between the mean achievement scores of stydents taught

physics practical using virtual lab strategy and those taught using conventional
laboratory method? )
(i) Is there any difference between the mean achievement scores of maf and female
students taught physics practical using virtual [aboratory strategy?
Is there any difference in the mean retention scores of secondary sd;ool students
exposed to virtual lab strategy and those exposed to conventional laboratqry method?
s there any difference in the mean retention scores of male and femple secondary
school students exposed to virtual laboratory strategy? ~

Research Hypotheses
The following null Hypotheses where formulated:

there i

(iii)
(iv)
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hos There r;‘o §|g~mﬁcanF dlffer_ence between the mean achieveme t |
taught p ysics pr_actlcal with virtual laboratory strate nt scores of students
conventlonalteachmg method. gy and those taught with
o, Thereis no significant difference between < mean achievement scores of mal
es of male and

. female‘studer.lts_t?ught p_hysics practical usi.  virtual laboratory strat

HOs: There Is nO significant difference in the me_.h retention sc il

virtual laboratory strategy and those exposed to conventionolr‘:sbof students exposed to
HOy: There is no significant difference in the mean retenti o S

) gntion scores of male and female

students exposed to virtual laboratory strategy.
METHOD
Research Design: .The researc.h design adopted was a pretest, posttest, experimental and
control group design. The se'mor secondary class Il (SS Il) students were first pretested and
thereafter, taught the practical physics using virtual laboratory strategy and conventional
laboratory method. After the treatment, a posttest was administered to both experimental and
control groups. Four weeks later, retention test was administered to both groups.
sample and Sampling Techniques: The target population for the study was all the year |l Senior
secondary (SS If) physics students, in Minna, Niger State. The sample for the study was made up
of 32 Senior Secondary 11 (SS 11), 16 male and 16 female students from two state government -
owned co-educational secondary school. Three stages of sampling technique were adopted.
Firstly, two senior secondary schools in Minna, Niger State were purposively sampled based on:
equivalent (manpower and physics facilities); composition (mixed schools); facilities (under
School Net programme); exposure (availability and usage of computer); years of experience
(presenting candidates for SSCE physics examination for a minimum of ten years). Secondly, the
schools were randomly assigned to each of the experimental groups (virtual lab experiment)
and control group (Convectional lab). Thirdly, a stratified random sample of 16 students (8
males and 8 females) from each school was employed.
Research Instruments: The following research instruments were employed in this study:
(i) Treatment Instrument: This is a Virtual Laboratory Strategy Package (VLSP) for senior
secondary physics practical. It was developed by the researchers s o programmer.‘r- :het
necessity for researcher-made virtual laboratory eXPEFif]“e"t_ pa.ckage was based OT ;I:t::
that the commercially produced VLSP are not common in Nigeria. E;e-nl “;:::o:v:s: :hev maz
may not be directly relevant to the topic Of o.bjef:tives o be aclt,;ile::a |r'li'hae VLSP package was
ot be culturally relevant to implement physics instructo! gr: asgthe.overall platform. Other
written in html format using “Macromedia DreamWeaV‘e_r d during the development process
computer programmes and applications that were also Ut"hzfvl cromedia Flash 8. Macromedia
are Microsoft Word 2003, Macromedia Fireworks 8, and wz;ﬂle Macromedia Flash was used
Fireworks was used for specific texts, graphics and t_;uttons,tical embedded in the VLSP was
for simulation. The video demonstration of physics pr:C e Wwas validated by computer
fecorded using digital camcorder camera. Thf_3 p;-ce:tgcontem (physics) specialists; and
Programmers and educational technology experts; sub)

tudy. The
- ; used for the final s
finally field tested on sample representative similar to the students US€" Change in momenturm;
LSP contained four topics, namely:

n spl’lng.
simple pé
a i A
hd Image on a convex lens. The main m

ndutum, Mass 01t red of i roduction, students’
enu of the package consis * The VLSP is divided into
FQBistrar: :
®8istration, list of practical lessons in les
'ee section, namely: Lesson Not€ section,

exit.
kil d the contents of the
Experiment; Video section, where the stude

lesson 1, 2' 3,
tudents rea ration of the
: ts pe
*XPeriment; and virtual Lap section, where the students P

where S
nts watch 2 pra

i demonst
rform t‘t:\t::)l( VLSP adopted
or

periment.
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.the simu{ati‘qn modes of CAl. The production of the package was effected through a team of
professionals. ‘and specialists including the system programmer, computer Operator,

cameraman, video editor and the instructional designers (the researchers). Dick and Carey
(2005) instructional development model was adapted to develop the package.

(i) Test Instrument: The instrument used in collecting data for this study was a researcher.
adopted Physics Practical Achievement Test (PPAT). The PPAT consisted of. 40'multiple choice
objective items adopted from past examination of West African Examination Council (WAEC,
May/June, 1988-2010) and National Examination Coungil (NECO, June/July, 2000-2010). The
PPAT was based on the contents of the VLSP package. Each of the items of the PPAT had five
options (A - E) as possible answers to the question. Students were required to indicate their
correct answers by ticking one of the letters (A - E) that corfesponds to the correct option in
each item. This instrument (PPAT) was administered to the experimental and control groups as
pre-test, posttest and again for the retention test after it had been reshuffled. On the scoring of
the multiple-choice items, ‘1’ was awarded for each correct answer and ‘0’ for each wrong
answer, Thus, maximum possible score was 40 marks. The items were validated and tested for
reliability using 20 randomly selected SSII students. The test was administered once on the pilot
samples. A reliability test using the Kudar Richardson (KR-21) revealed a reliability of 0.92 which
was considered adequate for the research study.

_ Method of Data Collection: The researcher visited the selected schools and sought the

cooperation of students and staff in the selected schools. The physics teachers in the
experimental group were trained as research assistants in the use of the VLSP for one week.
The control group teachers were informed to prepare the lab for conventional laboratory
method. The treatment period for all groups covered four weeks.

At the commencement of the experiment, PPAT was administered on students in the
sampled schools as pre-test. Thereafter, treatment which lasted for four weeks followed. The
VLSP was installed on stand-alone computer systems. The physics practical contents were
presented through the computer and the learners interact and respond to the computer
prompts. The VLSP presents information in textual, video and simulation formats and students
studied the topics in such order. In the simulation section of the package, an interactive
animation platform displayed, students selected some parameters required and started the
virtual experiment.

During the experiments, the experimental group was exposed to the use of VLSP as
treatment, while students in the control group were exposed to the conventional laboratory
method. Each group was given a pre-lab instruction for ten minutes followed by laboratory
activities specifically designed for each group. Immediately after the treatment, PPAT was

administered as posttest and after four weeks, it wds re-administered as a retention test to
both groups.

RESULTS

To test for the hypotheses, the data were analysed using t-test statistics with Statistical

Package for Social Sciences (SPSS) version 11 at 0.05 alpha level. To analyse the pretest data,

the mean scores of the experimental and control groups were computed and compared using t-

;?Zszab ¢ 1 present the mean, standard deviations and the result of the t-test for the two

Table 1: - ;
;:est’companson of pretest mean scores of the experimental and control
oups

Mean SD t-value Sig.(2-
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contf°| 16 3.19 1.167

Group 30 e
Experime"tal 16 3.88 1.204 Load 0.111
Group

ns: Not Significant at 0.05 level.

Table 1 shows the t-test comparison of the posttest mean scores of the experimental and
control groups. From the table, t-value calculated (t = 1:640, df= 30, p = 0.111,) was not
sigr{iﬂcant at 0.05 alpha level. This indicates that there was no significant difference between
the mean scores of the experimental group and the control group. This implies that the
experimental and control groups have equal academic ability before the experiment started.

HO.: There is no significant difference in the posttest mean scores of students taught physics

practical using virtual laboratory strategy and those taught using conventional
. laboratory method. The results of the posttest are shown in Table 2.

Table 2: t-test comparison of posttest mean scores of the experimental and control
groups : .

Variable No. of df Mean SD t-value Sig.(2-tailed)

Samples ;

Control 16 5.75 0.775

Group ) 30 6.400* 0.000

Experimental 16 9.13 1.962

Group

*Significant at 0.05 level

Table 2 shows the t-test comparison of the posttest mean scores of the experimental and
control groups. From the table, the calculated t-value (t.= 6.400, df =30, p= 0.000) wa.s
significant at 0.05 alpha level. On this basis, the null hypothesis is rejected, therefore there is
significant difference between the experimental and control group result favouring the
experimental group which used virtual laboratory strategy.

HO,: There is no significant difference in the posttest mean scores of male and femal'e
students taught physics practical using virtual laboratory strategy. The result is
presented in the Table 3.

Table 3: t-test comparison of posttest mean scores of male and female students taught
i i b strategy %
physics practical using virtual la =
Group Gender No. of Df Mean SD t-value f::l(zd)
: e
Samples
= 0.809
Experimental Male 8 1a 9.00 2070 5 ya7m
Sroup Female 8 9.25 1.982

ns: Not Significant at 0.05 level

. . : . |
Ta tudents taught physics practical using virtua
ble 3 presents the result of male and female s i e e

laborato he calculated t-value (tcar=
ry strategy. From the table, the ¢ ; _ i
Not significant at OYO'S alpha level. On this basis, hypothesis 2 was not rejected. Therefore, there
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is no significant diffgrencé between the mean achievement scores of male and female students
taught physics practical with the virtual laboratory strategy.

ention scores of students exposed to

HO;: There is no significant difference in the mean ret
| laboratory method.

virtual laboratory strategy and those exposed to conventiona
The result is shown in Table 4.

Table 4: t-test comparison of retention mean achievement scores of the experimental
and control groups 3 :
Variable - No. of df Mean ) t-value Sig.(2-tailed)
‘ Samples » ) '
Control = ~ 16 11.88 1.408
Group ‘ 7.777* 0.000
Experimental 16 i 30 . 8.75 0.775
Group s

*: Significant at 0.05 level

Table 4 shows the t-test comparison of the retention mean scores of the experimental and
control groups. From the table, the calculated t-value (tew = 7.777, df = 30, p = 0.000) was
significant at 0.05 alpha level. On this basis, the null hypothesis is rejected, therefore, there is
significant difference between the experimental and control group result favouring the
experimental group which used virtual laboratory strategy.

HO,: There is no significant difference in the mean retention scores of male and female
students exposed to virtual laboratory strategy. The result is presented in Table 5.

Table 5: " t-test comparison of posttest mean achievement scores for male and female
students taught physics practical using virtual laboratory strategy
Group Gender No. of Df Mean SD t-value Sig(2-
Samples tailed)
Experimental Male 8 12.50 1.309 0.417
14 . fs :
Group . Female - 8 12.00 1.069 955

ns: Not Significant level 0.05

Table 5 presents the result of male and female students that were taught physics practical using
virtual laboratory strategy. From the table, the calculated t-value (t.y= 0.837, df = 14, p = 0.417)
was not significant at 0.05 alpha level. On this basis, hypothesis 4 was not rejected, therefore,
there is no significant difference between the mean retention scores of male and female
students taught physics practical with the virtual laboratory strategy.

Discussion of Findings

The results indicated that students taught physics practical using virtual laboratory
strategy performed better than those taught with conventional laboratory method. This finding
agrees with the earlier findings of Tatli and Ayas (2012) and Shegog; Lazarus; Murray;
Diamond; Sessions apd Zsigmond (2012) who established that virtual laboratory strategy
improved the performance of students taught chemistry and molecular biology respectively
than their counterparts taught with the conventional laboratory method. The finding is also

206 | 1 u
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upported by the findings of Tuysuz (2010} who found that virty

Sgsitive effects on students’ achievement and attitudes

|boratory method. It also agrees with the conclusion of (Ka
2005) who found that teaching by the virtual lab program wi

more successful than the teaching implemented by traditional method. Likewise. it agree with
Alkazemi (2003) who found that the treatment group who completed the virtual I;b activities in
electrochemistry before the actual physical lab performed slightly better on the posttest
achievement than the other group. It also support the findings of Van-LeJeune (2002) who
found that us? of computer—-simulated experiments and interactive videodisc simulation in
science edlllcatlon clqssrooms iImproved student problem solving ability and other higher-order
thinking skills as compared to traditional science laboratory activities. -

However, l_-lall (2000); Jimoyiannis and Komis (2000); Bayrak, Kanli & Kandilingeg (2007)
did not find any difference between the performance of students taught with virtual laboratory
and those taught with traditional laboratory method. Similarly, Moslehpour (1993) reported no
significant difference between the students taught using computer simulation in an electronics
class laboratory and those taught using conventional class laboratory method. '

The superiority ‘of virtual laboratory strategy over the conventional [aboratory method
stems from the fact thqt they. are task structured (i.e. reading the pre-laboratory instruction;
watching the video demonstration; vand practice as many times as pdssible by varying the
parameters in a simulated platform). Virtual laboratory strategy is activity based which arouses
students’ interest; it is stress free because virtual materials, facilities, and equipment are readily
available. These could be part of factors that are responsible for students’ better performance.

On the influence of gender on the students’ achievement in physics practical when taught
using virtual laboratory strategy, no significant difference was established. These findings
showed that gender had no influence on the achievement of students in physics practical when
taught using virtual laboratory strategy. This finding agrees with the earlier findings of Adeyemi
(2008), Gambari (2010) and Orabi (2007) who reported that gender had no effect on academic
performance of students in chemistry, physics and biology respectively.

However, the finding disagree with the findings of Kost, Pollock and Finkelstein-(2009)
who found that male students performed better than female in interactive physics. The finding
contradicts the findings of Anagbogu and Ezeliora (2007) who reported that girls performed
better than boys using science process skills method of teaching. The finding is not supplorted
by the findings of ChanLin and Lihjuan (2001) who found that gender effecft was sigrnﬁcant
among girls and insignificant among boys while using computer assisted learning with different
Presentation formats (animation; still graphics, and text). _

Students taught physics practical with virtual laboratory strategy had better rEt_e"t_“_’” of
the contents than those taught with conventional laboratory method. Howeyer, no s'lgmﬂc:fmt
d_ifference was established between male and female students taught phys.lcs pracftlcal l;sing
Virtua) laboratory strategy in the retention test. This finding agree with earlier findings o uxl
(2002) who found that students retention was increased by 80% after exposed to virtua
lahoratory in microbiology course. Similarly, it agrees with the findings of Kar'a (2008}, who
fePorted that uai gY ' <ted instructional package improved the achievement and

= using computer assis e. ’ ) dings on gender.
etention of students in science education. It also agrees with their fin gd learning of physics

:fhe findings in this study have strong im?licatlons for teazr::tge;: Major implication of
rt:amcél ir-\ secondary schools in Nigeria using v'|rtua| |ab;)hr:;o::’:;nvention'al laboratory method.

®se findings is that virtual laboratory strategy 1S better. ich indicate that performance of
Urthermore, the findings provide sound empirical basis which in '

e

al laboratory applications made
when compared to traditional
ramustafaoglu, Aydin & Ozmen,
th an applied dynamic system is
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students ln phySICS practlcal would be lmproved if students are exposed to vanetles of virtya|

Conclus:on

From the above findings, 1t can be deduced that virtual laboratory strategy produceq
more positive effect on students learning outcomes. It is gender friendly and- improves
students’ retention in physucs practical. This strategy is therefore better approach for teaching
practlcal phySIcs at.senior secondary schools in Nigeria. Through the use of virtual laboratory
strategy, practlcal content can be dehvered in simplest, motivating and interactive manners.
This would put into rest the age long poor performance in physics practical in Nigeria.
Recommendations
Based on the major findings of this study, the following recommendatlons are proffered.

(i) . Teachers should expose physics students to virtual laboratory strategy so as to promote

~ active learning, discovery learning, motivation, learning by doing and learning by

experience among students.
(ii) In addltlon Federal and State mlnnstrles of education and other educational agencies

(NERDC, NTI, NUC, etc.), NGOs, UNICEF, UNESCO, and other education and stakeholders
should organize workshops on the use of virtual laboratory strategy to  enhance better
performance of secondary school students.

(m) Teacher education programme in Nigerian tertiary institutions should be lmproved upon
to prepare teachers who can apply innovative approached (virtual laboratory
instructional strategy), which will promote effective teaching and learning.

(iv) The ‘instructional designers, computer programmers, instructional developers should
" develop relevant virtual laboratory strategy packages for use within the Nigerian schoo

systems.
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