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Abstract
This study reveals the phases and model involve

package on three selected Nigerian secondary sc

d in the development and evaluation of virtual laboratory
ool physics concepts. Specifically, the package is meant
for conducting simple pendulum, Hoolke's Law and momentum experiments. Development and evaluation
research of the model type was employed for the study and qualitative method was used for the analysis.
Three research questions were raised and answered. Adobe Flash CS6, Actions script 3.0, Adobe
Fireworks CS6 and Box2D were the major tools used in the development of the package, validation of the
package was done three times by physics experts, cducational technology experts and computer experts,

and 10 phases were required in the development of the package while a model named Model for the
Development and Evaluation of Virtual Laboratory Package (MDEVLP) was derived. The package is
ing and learning of the selected physics concept in order to

therefore recommended for use in teachi
d retention of the subject.

improve students' performance, interestan
Keywords: Virtual Laboratory Package, Model, Development, ACTIONS Model, Physics Experiment,
Evaluation

ence. Science is the foundation upon
are built. Science comprises of basic
ssentially, science and technology
s to mankind cannot be
clement of

Introduction o '
The technological development of any nation lies in the study of sc1
which the present day technological breakthrough and innovations

5 bt : . - . . E
disciplines such as physics, chemistry, biology and mathematics. | '
would be incomplete without physics (Michael, 2006). The importance c;f phys.ucvmvcs kin
underestimated as almost every human activity and virtually every profession in s

physics (Gambari, 2010; NERC, 2009; Javed, 2005).

ce of physics 10 technological development and as a requirement for many

In spite he importan T . o Falode (2014
Spec?alizgcfi tsceiencl«: and technology-based courses 12 institutions of hlig he;:ﬁ?:r“giiufoql]%;rt(iﬁcatz‘
observed and reported that students' performance uh thf ;\:Ejic]:;t ’?ltlcfi lcTﬂblG e Figure | show
Examinati ‘n Nigeria has never been excellent. i o i1 in Nigeria from
StUdI;?l?s?tI;ZIrlfo(rSrrslgn?e :g SSéE physics conducted by West Africa Examinations ComaSEss

2007to2011. 2007-2011
Tablel:Studcnts'pcrfornmnccinSSCEPhys'csmtwccn :, Total &)
Year Total (%) Total Pass (%) Fail
BARE 54.0
YERC) 228652 54.
100 180797 i 50.07
009 463656 100 2 AT 207133 44.67
3009 322716 100 237756 51'Z7 181394 3221
2011 563172 100 30096 3% —
Source: WAEC Chicf Examiner's report (2007-201 . 47
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Figure 1: Students' performance in SSCE physics between 2007-2011
Source: WAEC Chief Examiner's report (2007-2011)

Table 1 andFigure 1 revealed that on average between 2007-2011, only 50.90% obtained at least credit
pass in physics while the remaining 49.10% failed the subject. Falode (2014), Yusuf (2004), Shalw
(2003), Matthew (2002) and Bajah (2000) attributed poor performance of students in science, particularly
inphysics to non-availability of standard laboratory and poor utilization of instructional materials.

Mechanics is a major branch of physics because principles, theories, and laws contained in mechanics are
used to design electric dynamos and motors, radar installations, artificial satellites, spacecrafts, ships,
nuclear power generators and lots of others, which have all helped to make life easier for people (Gambari,
2010). The importance attributed to mechanics as underscored by WAEC Chief Examiner's Reports
(2002, 2003, 2004 & 2005) revealed that more than 30 percent of SSCE physics questions conducted by
West African Examinations Council were from mechanics (Rafiu & Adetona, 2006). The poor
performance in physics recorded on the concepts of mechanics are mainly in the area of elasticity
properties of solid, kinetic theory, simple harmonic motion and this is not unconnected to inability of
students to understand contents while studying independently and poor skills in physics laboratory
exercise (Aina, 2012; WALEC Chief Examiners' report, 2007).

Since physics, an activity-oriented subject has remained one of the most difficult subjects in the school
curriculum, guided discovery method which is resource-based should be employed to effectively teach
the subject (NERDC, 2005; NTI, 2007). Ogunleye (2000) and Omosewo (1991) also suggested that
physics teachers should be able to organize their students to leam physics through acti%ﬁieq in the
laboratory using appropriate learning resources capable of generating and sustainine the i t;:rest of
students in physics.In instances, where theses laboratory resources are unavailabl § e lf] Ficient
computer simulation tools can be used. available or insuthicient,

Computer simulation is a computer-generated version of real-world objects or

. . ) . . 4 rocesses. <
different forms, ranging from computer renderings of 2-d p ses. It can take many

imensional geometric shapes to highly
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teractive computerized laboratory experiments (G : :
r simulation, yirtual lfiboratory can be sc’E u;r,r’}%z?’i s},: iﬁ‘é‘:‘l’giasgi?neniu & Idris, 2012). Through
Com.p‘utcr—based learning environment where learner is able to simulat ulation, virtual laboratory, a
zradltlor?ai laporatory t}_lrough the use of computer can be developed(On e Txpenmems completed in
and engineering education, virtual laboratories have emerged as altematiwjr/ee solu & Eze, 2011).In science
hands-on laboratory education, for instance, using them for preparing ?;::I;]Plementarytools of the
e e oo, 2009). The most mricate virual aboratory ncludeshighly riracivesmatons

ations

(
of laboratory exercises (Scheckler, 2003).

in
computc

Virtual laboratory is an interactive environment wit :
conducting simu'lated experiments (Babateen, 2011; ?I(;lrlityr?;1}31?1:;);?;0%82§Isltm:§3itdfor crf(:iatmg apd
tools and materials set on computer in order to perform experimen;s save;i 0111) CDsc(S) e WI'th
(Babateen, 20 1'1; Nu.nn, 2009)..An example of a virtual laboratory is a collection of di 't;la-lor'l W]eb site
supported ‘t?y discussion fora, video demonstrations, hyperlinked glossaries, and e-mail Elsts OSImll'atl((i)l:lS
a World-Wide-Web formatoronaCDina shell produced by anauthoring lan’guage (Scheckler. r2gg(l)1§2)e .

' ) : ratory into five based on different i i ;
classical simulations which contain certain elements of laboratory experismogt;t: zfarfggia:ya?lzbfglegczﬁ
(Simul_ations);classical simulations which contain certain elements of laboratory experiments and arz
accessible on the web and are available as JAVA-Applets (Cyber Labs); simulations which attempt to
re;.)resept laboratory experiments as closely as possible (Virtual Labs); simulations of lab experimr;:nts
using virtual reality techniques (VR Labs); and real experiments which are controlled via the internet

(Remote Labs).

Harms (2000) classified virtual labo

Empirical studies on the effects of virtual laboratory on students’ academic performance revealed the
and learning process, especially in science subjects

effectiveness of virtual laboratory in teaching

(Abfiullah & Shariff, 2008; Efe & Efe, 2011; Kevin & Rod, 2012; Mahmoud & Zoltan, 2009; Murniza,
Halimah & Azlina, 2010; 2009; Tuysuz, 2010). They therefore recommended the use of virtual laboratory
as a supplement to classroom instruction.

arners' needs following constructivism

ould be developed based on le
:ned that in constructive learning, the

nd Kocevar-Weidinger (2004) opin

Virtual laboratory instruction sh
here are no lectures, no demonstrations,

theory of learning. Cooperstein
standard classroom procedure is turned upside down because t
and no presentations. That is, from the beginning, students engage in activities through which they
develop skills and acquire concepts. Constructivism in most cases begins witha caseora problem and as
learners solve the problem, the intervention of the teacher, facilitator or instructor is only to guide students
inthe appropriate direction and not to directly impart knowledge.

al instructional design models which share common features exist for
h as virtual laboratory package. Models like Evolutionary model, the
pitzer instructional development cycle and the ISD ADDIE

ing used. For the purpose of this study, development and'
ackage as well as Bates

In line with constructivism, SE€Ver
developing learning packages suc
Rapid Prototyping Design (RPD) model, S
model share these features and are frequently be
he virtual laboratory p
where A represents

evaluation model which revealed stages of developing t :
CTIONS is an acronym e

199 i d. A i
e evaluation mae s employﬁmg and learning function, I for Interactivity,

Accessibility, C for Cost Effectiveness, T for Teac
Organizational issues, N for Novelty,and S represents Speed features.
te and where they
5. Virtual physics
affords learners
ny time SO far
his study was
on of virtual
lected

oratories in Nigerian schools are ix}adequa
to learners during the school working hour
nal laboratory learning be}clausc:m 3 o
. revision anywhere
i e. Hence, t

v 14 ackag :
hysics laboratory P | evaluati

Facilities in many conventional physics lab
are adequate, the laboratory is only opened to l¢
laboratory will help to supplement convention
?ﬁponunitics to perform experiments and do practica
e user has access to computer with installed virtual p
» . : 7 n[ an

carried out to describe the phases and model involved '1" the de\delogg::mum expcn’ments) s€
laboratory package on three (Simple pendulum, Hooke's law and I
Nigerian secondary school physicsconccpts'

249

Scanned with CamScanner



cd 4 : .
d International Conference of School of Science and Technology Education (SSTE), FUT, Minna October, 2016 =]
%l'l'pOSQ of the Study
111188§tudy Wwas carried out to develop, validate and evaluatea virtual lab
Fl) ysics concepts for Nigerian secondary schools. Specifically, theresear
. thetoolsused in the development of the virtual laboratory package;
2. the stages involved in the validation of the virtual laboratory package; and
3. the phases involved in the development and evaluation of the virtual laboratory package.

oratory package on three selected
ch was carried out to determine:

Research Questions

The study provided answers to the following research questions:

1. What are the tools used in the development of virtual laboratory package on selected
Nigerian secondary school physics concepts?

2. What are the stages involved in the validation of virtual laboratory package on selected
Nigerian secondary school physics concepts? )

3. What are the phases involved in the development and evaluation of virtual laboratory

package on selected Nigerian secondary school physics concepts?

Research Type
The study was a design, development and evaluation research of the model type which revealed stages of
developing the virtual laboratory package as well as Bates' (1995) ACTIONS evaluation model was
employed. Qualitative method was used for analysis.

Tools used in the Development of Virtual Laboratory Package

The virtual laboratory package for conducting three senior secondary school physics experiments (simple
pendulum experiment, Hooke's law experiment and momentum experiment) was developed using Adobe
Flash CS6. The programming language used was Actions seript 3.0 while the Graphic User Interface
(GUI) was created using Adobe Fireworks CS6. Box2D was used for the physics simulation engine and
CamStudio software was used inrecording the video tutorial. The entrance menu of the package consisted
of introduction/student's registration edifice. The main menu is divided into three sections, namely,
Lesson note section, where the learner is able to study the content for the experiments; Video section,
where the learner is able to watch tutorial of how to use the package; and Laboratory section where the
Jearner is able to perform the intended experiments using the simulation tools provided.

Validation of Virtual Laboratory Package
The validation of the virtual laboratory package on the three selected physics concepts was done three
times.

First Validation: After the rescarchers have completed the initial development of the package, itwas
validated by four computer programmers, two physics teachers, and four educational technology
specialists in two secondary schools and Federal University of Technology, Minna, Nigeria Thecse
experts observed some weaknesses in the package which could affect its ;uitabilit, e%fecti' veness
selection and utilization by teachers and physics students in the teaching and learnin y,of e selecte(i
physics contents. They observed that no virtual tool was labeled, values which we eg osed to be
adjustable by learners were digitally fixed and un-adjustable, arrows were wronely di T tsclilpp " icons
were used, content of the experiment sheets were inadequate, it was not POSSgib)I’c lfr ecle , WIO tg o
multiple pages or maximize/minimize a page and there was no title of experiment to boerp ngg}gﬁ ‘ onlzhe

working interface. Hence, they.suggested the need to improve on the c o r
selection and utilization inteaching and learing of physics. package to make it suitable f0

Second Validation: Based on experts' suggestion after first validation process, the installation settin sof
the package werc adjusted, tools were re-labeled, arrows were re‘directe’d msl:l at{OIl s:: egwas
widened, parameters and tools were made more flexible, The package was theréqzor nzjg utltter a:; - mof
experts including a physics expert and five educational technology " a f:[rJ 51_1 _]ec. oaf -
ria. These experts suggested that the contents in the laboratory manua] Shoulilnbe E;;:Izldtynzvigatioé

Nige
ded, welcome page should be added, class exercises should be added and some icons

buttons should be ad
should be changed.
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Third Validation: Based on experts' suggestion during the second validation process, navigating b
’ gating buttons

Ww¢e

re included. the menu icons were changed, the virtual tools were changed, the content in th lab
’ ¢ laboratory

manual were updated, class exercises were added, introductory page was provided
experiment and the flexibility and friendliness of the package was improved u I—;:;’é 1l fO; el O.f the
values of their choice, minimize, maximize and exit pages. The experts that wI:zrc in;olxcj::j - rﬁers input
\alidation process were asked to validate the package again. At, this point, they ce:r’tiﬁedntlht oeeeond
suitable in conduct the three physics experiments. ’ e package
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The (_ievelopment and evaluation of virtual laboratory package on selected Nigerian secondary schog
Physics concepts was carried out under 10 major phases. Phase I, I and 1II addressed the processes
ivolved inthe development of the package while Phase IV to X addressed the evaluation carried out with

respect to Bates' (1995) ACTIONS model. The phases are:

s laboratory package on the concepts of

Phase I: At this phase, t i irtual physic
phase, the need for developing the virtual piiy ontificd and analyze Ay physiceand

Hookets law, momentum and simple pendulum concepts Were i
educational technology experts.

er programmer, an audio-visual

Phase II: At this ph including a comput
his phase, a total of four experts including  oed in the development of the

specialist, educational technology expert and a physics expert Were nv
package. They developed the package based on the needs identified and analyzed.
Phase III: At this phase, the developed package was validated by the experts involved in the
determination and identification of needs at Phase 1.

Phase IV: At this phase, physics teachers and computer experts evaluated t_hef package in terms (_)f its
accessibility to Nigerian secondary school physics students, as well as the flexibility of its accessibility to
students on different platforms, such as mobile devices and internet.

Phase V: At this phase, the researchers evaluated the virtual physics laboratory package to determine its
cost effectiveness in the teaching and learning of simple pendulum, Hooke's law and momentum
experiments.

Phase VI: At this phase, secondary school physics teachers evaluated the teaching and learning
functions of the package to determine whether it satisfies the objectives and procedures for learning the
selected physics concepts. In addition, the effectiveness of the package was determined by male and
female secondary school physics students who were taught the selected concepts using the package.

Phase VII: At this phase, instructional design experts evaluated the package to determine whether it is
interactive and friendly to secondary school physics students.

Phase VIII: At this phase, physics teachers evaluated the virtual physics laboratory package to determine
the requirements within Nigerian secondary schools that will enhance the use of the package in the
teaching and learning of the selected physics concepts as well as the barriers to effective use of the
package withinthe school.

Phase IX: At this phase, computer eXper3 evaluated the package to determine its newness to secondary
school physics students and tea_c_hers in ngenap secondary schools. They also evaluated the package to
determine the technical capabilities that come with new technologies.

Phase X: At this phase, computer experts evaluated the package to determine the swiftness of developing
and updating it when the need arises.
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Conclusign

his study has revealed that development and evaluation of virtual Jaboratory package is best carried gy

In stages starting from analysis of needs, to design, development stage and eva}uatlon stage, fmd thaF, A
team of experts s usually required in such process. The developed package is capable of improving
secondary school students performance, interest and retention in physics if employed in teaching anq
learning of Simple Pendulum, Hooke's law and momentum experiments.

1 8 H October, 20 e
rmational Conference of School of Science and Technology Education (SSTE), FUT, Minna October, 2016 =}

Recommendations

It is recommended that the developed virtual laboratory package should be used bZriSriCe(;;tlsd?;y iﬁh(’(’l
1?11)'sics students in conducting Simple Pendulum, Hooke's law and momenturln Exf e fO er to
improve their performance, interest and retention of physics. Also, the model that emanated from this

study should be followed in the development and evaluation of other contents in Nigerian secondary
school physics curriculum.
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