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ABSTRACT

Science forms an integral part of learning. Essentially it has to be learnt mainly through con-
crete situations related to immediate environment. The main focus of imparting science educa-
tion is on sharpening the senses of the learners and encouraging themto discover and explore
their environment and surroundings. Instead of loading the students with scientific informa-
tion, efforts should be made to help themlearn key concepts which cut acrossall the disciplines
of science. This would generate curiosity and would enhance awareness and under standing.
Whenever we come across anything which isunfamiliar, may it be an object, event or situation,
our mind is stirred by questions which may help us in knowing more about the object of our
curiosity. Nature has gifted us with the tool of curiosity for learning more and more about
environment. It is common to observe children asking lot of questions about anything which
arouses curiosity. According to Singh (1995), ““Whenever we are in a process of finding out or
investigating through questions, we are in the process of inquiry. Froma simple array of ques-
tions, if theinquiry takes the form of disciplined and systematic approach, it becomes the spirit
of scientific method. The present study was an attempt to implement the Inquiry Training
Model on standard V111 students of Vadodara city to teach science. The programme was found
to be effective in terms of the achievement of the students. Also the opinion of the students
proved the programme to be effective. It was also a good |earning experience for the students.
Inquiry Training Model is effective in terms of arising curiosity in students, better retention of
the concepts, generating interest in students and provoking them to ask questions and interact
in class. The results of the study shows that if regular classroom science teaching is made
activity based and interactive then it will definitely positively affect the learning and achieve-
ment of the students.
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INTRODUCTION

Science forms an integral part of learning.
Essentidly it hasto belearnt mainly through concrete
situationsrelated to immediate environment. The
main focus of imparting science educationison
sharpening the senses of the learners and
encouraging them to discover, observeand explore
their environment and surroundings. Instead of
loading the students with scientific information,

efforts should be made to help them learn key
concepts which cut across al the disciplines of
science. Thiswould generate curiosity and would
enhance awareness and understanding.

Whenever we come across anything whichis
unfamiliar, may it be an object, event or situation,
our mindisstirred by questionswhichmay help us
inknowing more about the object of our curiosity.
Nature has gifted uswith thetool of curiosity for
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learning more and more about environment. Itis
common to observe children asking lot of questions
about anything which arouses curiosity. According
to Singh (1995), “Whenever we are in a process of
finding out or investigating through questions, we
areintheprocessof inquiry. Fromasmplearray of
questions, if theinquiry takestheform of disciplined
and systematic approach, it becomesthe spirit of
scientific method”. Therefore training the learners
for investigating and explaining ant typeof puzzling
problem, phenomena or event can be a way of
orienting their mindstowardsscientificinquiry. The
nature of scienceissuchthat it demandsthe spirit of
inquiry and science asaschool subject hasawide
scopeof scientificinquiry. Therearevariousmethods
and modd sof teaching through whichlearnerscan
be taught sciencethrough the processof inquiry.
Nature of Science

From these definitionsthree basi ¢ principles of
nature of science can bedefined.

1) Anaccumulated and systematized body of

knowledge.

2) Thescientificmethodof inquiry and

3) Thescientificatitudes.

Thefirst point indicatesthe product of science,
while second and third pointsindicate the process
of science. Scienceisnot just astatic body of aready
established knowledge, but aliving tradition of never
finished exploration into the integrated and
unexpected vistas of nature. Science asabody of
knowledge characterized by a highly dynamic
structure of knowledge, which is founded on

numeroushitsof information linked with oneancther

into many generalization forming the substantive
corpusof scienceconditutingitsproduct dimension.
Thisstructure of knowledgeinteractsactively with
thereality. The mode of thisactiveinteractionis
governed by thelogic of the processes of scientific
inquiry or thescientific method. Thiscongtitutesthe
process dimension of science. The method of
condruction of knowledgefollowscertain sysematic
logical steps for collecting and processing
information, tracing out general trends and
constructing theoretica models. This chain of
activities mediates between the reality and the
structure of knowledge, and constitutes the
processes of scientificinquiry or scientific method
which asstated earlier formstheprocessdimension
of science. theprocessof scientificinquiry represents
thespirit of scienceasan activity andisitsessence
that distinguishes sciencefrom other disciplines.
Need Of Teaching ScienceThrough Inquiry
In order to achieve the objectives of teaching
science, itisimperdivethat teaching methodsshould
be modified. According to NCERT (2006), “for any
qualitative changefrom the present situation, sci-
ence educationin Indiamust undergo aparadigm
shift. Rotelearning should be discouraged and in-
quiry skills should be strengthened and supported”.
According to Menon (1986), science teaching
should depend onfollowing premises:
Theessenceof scienceisitsprocessof inquiry
and not thediverseinformation that form part
of itssubstantive of product dimension.
Teaching of science should not betakento

constitute merely of presenting the bits of
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information, which have already been
established as integral part of knowledge
Sructure.

Learning of a concept from learner’s point of
view and not memorizingtheverbd satements
of the concept. Hence scienceisbest learnt
and taught through aninquiry approach.
Learning isacting upon the environment and
solving hisor her problemsand making hisor
her own discoveries.

Superficial view of present teaching of science
congstsof abody of facts, principlesand descriptions
of our surroundings, demonstrationsand laboratory
operations. According to Mohagpatraand M ahapatra
(1999), “In present education system science is
taught only asaproduct. The processpart of science
is being neglected. Asaresult pupils may not be
ableto apply scienceasaprocessoperatingindaly
life situations”. This view may incorporate limited
understandings of therel ationshipsamong various
aspects of our surroundings of the relationships
among variousaspectsof our surroundingsinduding
man’s dependence upon and use of his surroundings.
The content of science is primarily arecord of man’s
accomplishment. It isakind of history of what man
has achieved. It’s major value lies in the use that we
can make out of it to improve man’s thought and
actioninfuture.

Richardson et.al. (1968) “ Science as a school
subject should be far more than adescription and
history. Sciencewill not produceitsfull impact on

human lifeuntil it permeatesthought and action. To

produce this impact, science should provide
experiencefar beyond therecapitulation of factsand
principles”. As the researcher discussed earlier the
scientific method and scientific attitudeared sothe
componentsof nature of science, itisnecessary to
develop this scientific behavior in students. This
behavior ischaracterized by exploration resulting
fromlively curiosity and by the careful and critical
investigation of problems.
I mportance Of Questioning

Questions are the primary tools and basic
fundamentd necessity of scientificinquiry. Whenever
an individua is puzzled about phenomena, the
curiosity propel shimto ask questionsand thusleads
to inquiry. According to Menon (1986), “questions
recognize thewide possibility of thought and are
built around varying forms of thinking”. Since each
questionisdirected towardslearning and evaluative
thinking but unfortunately questionsof childrenare
often neglected or marginalized by teachers.
According to Anderson (1970), “the activities the
sudentsengageinwhen controlled withingructiond
tasksareof crucid importancein determining what
he will learn”. Thus what is learnt largely depends
ontheactivitiesand questions of the students. The
questionsare perhapsthe primary tools by which
theindividual processesinformation regardless of
thediversity of hisprocedure. Questions serveto
focus studentsfunctioning and to provideameans
for determining relevant fromirrelevant information
andfor pointingmgor relaionshipsamongvariables,
aswell ascreating new insightsand ng the

resultsof inquiry.
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Concept Of Ingiry TrainingModd (1.T.M.)

The emphasis of 1.T.M. is upon making the
learners aware of the inquiry process through
structuring and re-structuring of questions and
sequencing them appropriately. Thelearnersare
actively involvedin datagathering and hypotheses
verification but al thishappensthrough questioning
related to the problem presented by theteacher in
thebeginning. Theteecher guidethestudentstoframe
such questions which can be answered in “Yes’ or
‘No’.

Objectivesof I.T.M.

Singh (1995) and Joycee et.a. (2008) gave
objectivesof |.T.M. intheir respectivebooks. Author
has presented relevant objectives from both the
books. These objectivesareasfollows.

a) Todeveopscientificprocessskills: observing,
collectingand organizing data, identifying and
controlling variables, formulating and testing
hypothesis, explanationsand inference.

b) Todevel op autonomouslearning.

c) Todevelop ability totolerateambiguity.

d) Todeveloplogicd thinking.

€) To make students understand that all
knowledgeistentative.

[.T.M. Chart

Joyceeet.d. (2008) summarizes|.T.M. inthe
followingway:

A) Syntax

Phase 1. Presentation of Puzzling event and
explanation of inquiry procedure.
In this phase the teacher demonstrates
through an experiment or narrates a
phenomenawhich seemspuzzling for sudents
and triggerstheir thinking process.

Phase 2: Data gathering and verification
In thisphasethe studentstry to find out the
variables associated with the given
phenomenon andthe r interrel ationship.
Phase 3: Hypotheses and testing
In thisphasethe studentstry to find out the
probabl e causes of the phenomenon. They
formulate various hypotheses which are
subjected totesting intheform of questions.
If the answer of the particular question is ‘no’,
then that particular hypothesesisrejected.
Thus out of many hypothesesonly few are
not rejected which stand as the causes of
phenomenon.

Phase 4: Formulating an explanation
After testing all hypotheses, studentstry to
form an explanation considering the
hypotheseswhich arenot rgjected. Thusthey
try to reason out the occurrence of that
particular phenomenon.

Phase 5: Analysis of inquiry process
Findly theteacher concludesby summarizing
the concept to betaught. Alsoteacher andyze
theentire processand point out themistakes
made by the students and also discuss the
waysto rectify the mistakes.

B) Socid System

Co-operation, intellectual freedom and
equaity ismust among students- sudentsand
teacher — students. Interaction among
students should be encouraged.

C) Principlesof Reaction

a) Ensurethat questionsare phrased sothey
can be answered in ‘yes’ or ‘no’ and that
substance doesnot require theteacher todo

theinquiry.
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b) Ask the students to rephrase invalid
guestions.
¢) Point out unvaidated points.
d) If necessary, new information can be
provided to keep theinquiry moving.
€) Try to provide a free intellectual
environment by not evaluating student
theories.
f) Encourageinteractionamong students.
D) Support System
The optimum support isaset of confronting
materias, ateacher who has content mastery
and understandsthe strategy of inquiry and
resource materia sbearing on the problem.
Limitationof [.T.M.
Singh (1995) gave somelimitations of I.T.M.
which areasfollows:
Helpsin devel oping explanaionsonthebasic
previousknowledge. Soitisvery necessary
that students have some basicinformation
whichwill guidethemintheinquiry process.
New conceptsand formulae cannot betaught.
As students need some knowledge to start
theinquiry processsoif theconceptisentirdy
alientothestudentsthenit cannot betaught
through [.T.M.
If thepuzzling Situationisnot presented inthe
form of aproblem requiring explanation, the
students cannot effectively arrive at
generdizationthroughinquiry.
Roleof Teacher
Should guidethestudentsduring theinquiry
process, prevent them from going onwrong
track and creeting chaosintheclassand have
content mastery.

Beflexibleand providefreeenvironment to
the studentsand managethetime.
Continuously motivate the students so they
areinquisitiveto know more.
Hepininquiry but should not doinquiry for
students.
Before planning and implementation of
[.T.M., theteacher should check theprevious
related knowledge of the students.
After sudentsarriveat generalization, teecher
should summarizein such away that concept
clarity isattained by students.
Teacher should have clear knowledgeof all
therelated content matter.
The hypotheses/questions having ‘yes’
answersshould bewritten on board so that it
becomes easy for studentsto generdize.
If questions are not framed properly, teacher
should not ignore that question but ask the
studentsto reframethem properly.
Rationale Of The Study
The present world is aworld of science and
technology. Everything or every event happening
around us demands some knowledge of simple
scientificfactsand principles. Lookingintothenature
of science, itisboth processand product and also
the objectives of teaching science emphasize on
development of scientificattitude. Moreover dmost
al commiss onsand committeesappointed by govt.
of Indiarecommended thedevel opment of scientific
attitude. According to NCF (2000), “Science
education should be such that it helpsto generate
and promote among thelearners scientific temper



227 HORIZONSOFHOLISTIC EDUCATION...,JULY 2015

characterized by the spirit of inquiry, problem
solving, courageto question and objectivity leading
to elimination of superstition and fatalism”. Thus
science education if properly conceived should
primarily be concerned with the education of mind
rather than the acquisition of violated pieces of
scientificknowledge.

An important purpose of science teachingin
general education up to secondary stage is to
familiarizethelearnerswith variousdimensionsof
scientificliteracy. Scientificatitude, avery important
attitude should be devel oped in the children who
arethefuturecitizens, if the objectives of teaching
science are to be achieved. Science teaching
through the use of modelsof information processing
family isto help the studentsbecome more powerful
learners.

Amin (2011) implemented |.T.M. asoneof the
activity of scienceteaching on pre-service student
teachers. Thefindingsreflectsitseffectivenessin
terms of understanding, content clarity, attitude
development, decision making, achievement and
science process skills. Also the main focus of the
present study isto make students passthrough an
inquiry process, which probably will help in
devel opment of scientific attitude and better learning.
Thus, according to theresearcher |.T.M. was apt
for the present study. Theeffectivenessof thismodel
was founded in terms of the achievement of the
sudentsaswell astheopinion of sudentsregarding
the devel oped programme on |.T.M. One of the
reasons to select school students for the present
study was that the researcher could not find any
study related toimplementation of I.T.M. onschool
students. Also the study of Menon (1986) shows

that thereisincreaseintheprocessskillsof students
from std. VIII till std. XII. So std. VIII can be
considered as abase for development of process
skills. Thus those students must be taught using
various methodsand model swhich caninitiate the
development of scientific attitude and science
processskills. Thustheresearcher selected std. VIII
studentsfor the present study. Scienceconceptssuch
ascombustion, transfer of heat, propertiesof air,
depletion of ozone and static electricity were
selected asthey arevery genera conceptsand they
form apart of science curriculum of std. VIl and
the studentsdo have aprior basi ¢ knowledge about
these concepts which is a very important
preconditionfor implementation of 1. T.M.
Satement Of The Study
“Astudy of Effectiveness of Inquiry Training
Mode for teaching Scienceto gandard V111 sudents
of Vadodara city”
ObjectivesOf The Sudy
1) Todevelopaprogranmeoninquirytraining
mode to teach concepts of science.
2) Toimplement thedevel oped programmeon
std. VI students.
3) Togudytheeffectivenessof theprogramme
intermsof
a) achievement of students
b) opinion of thestudentsregardingthe
programme
Hypothesis
Therewill beno significant difference between
the mean achievement scores of the experimental

group and that of controlled group.
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Operationalisation Of TheTerm
Effectiveness: Thedifference between the
mean achievement scoresof theexperimental
group and that of controlled group aswell as
opinion of studentsrepresented effectivenessof
theprogramme.

Opinion: For the present study theviewsof the

studentsregarding the programme constituted

ther opinion. A five point scaleopinionnairewas
used.

Ddimitation Of The Sudy
The present study isdelimited to the students of

English medium Schools following Gujarat

Secondary and Higher Secondary Education Board

(GSHSEB) of Vadodaracity during the academic

year 2011-12.

Science conceptsweredeimited to concepts of
combustion, properties of air, transfer of heat,
depletion of ozonelayer and static electricity.
Method Of The Sudy

The present study was quantitativein nature.
Design Of The Study

Design of the present study was quasi-
experimental. Pre-test and post-test was
implemented on experimenta and controlled groups.
Implementation of 1.T.M. wasindependent variable
and achievement of the students was dependent
variable. Age was the controlled variable.
Environmentd factorsliketheir motivationa level,
exposureto other agencies of knowledge gaining
etc. wereintervening variableswhich werethought
to beequally affecting both groups.

Population
Approximately 3500 studentsof VIII Std. of 62
English medium school sof Vadodaracity following
GSHSEB syllabuswasthe population of the present
study.
Sample
Purposive sampling techniquewasused. Bright
Day school (Vasna) was selected as experimental
group and Sabari Vidyalaya was selected as
controlled group. All std. V11 students of Bright
Day school (55) and Sabari Vidyalaya (65)
constituted the samplefor the present study. Thus
thesample sizewas 120 students.
Phases Of The Programme
Phase 1 - Development Of The Programme:
Content anaysiswas done of sciencetextbook
of standard VIII and six concepts were
identified which could betaught through Inquiry
Training Model. These six concepts were:
(i) oxygen is necessary for combustion
(ii) ignition temperature is necessary for
combustion (iii) transfer of heat (iv) properties
of air (v) depletion of ozonelayer and (vi) static
electricity. The students do have a basic
knowledge about these conceptsand thereisa
scope of inquiry for teaching these concepts.
Separate experimentswere designed for each
concept except in depletion of ozonelayer were
apuzzling phenomenawas presented beforethe
students. The programmewasvalidated by the
experts of science field. The following table
showsthedesigned experiments.
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Table: 1 Development of the Programme

Experiment

Sr.No. Concept
1 Oxygen is necessary for combustion
2 Ignition temperature is necessary for combustion
3 Transfer of heat
4 Propertiesof air
5 Static electricity
6 Ozonedepletion

Light acandle and invert aglassonit. Observe.
Taketwo balloons. Blow one balloon with air and another
balloon with water. Bring both the balloonsnear acandle
flame. Observe.

Fill onebottlewith hot water and put someink dropsiniit.
Fill another bottle with ice cold water and invert it upon
hot water bottle. Observe.

Place afunnel on abottle. Cover the neck of the bottle
along with the funnel with clay. Pour some water in the
funnel. Observe. Now remove the clay and again pour
some water in the funnel. Observe again.

Rub a plastic or comb against dry hair and bring it near
the copper coil of an el ectroscope. Observe what happens
tothetwo silver foilsinside air tight bottle.

Puzzling event: Example of Australiarecorded highest
number of cases suffering from skin cancer was presented
to the studentsin puzzle form.

Phase-2 Administration Of Pre-Test :
An achievement test was admini stered on both
experimental group and control group before
implementation of developed programme.
Proper sitting arrangement of the studentswas
ensured before administering the test. Two
children on onebench wereallowedtosit. Stu
dentsweregiven 30 minutesfor thecompletion
of the test. They had to write the answer in
question paper itself.

Phase-3 Implementation Of The

Programme:

The devel oped programmewasimplemented
only on experimental group. The studentswere
asked to observe experiment and thenweregiven
timefor inquiry and think of the probable causes
of the phenomena. Then they had to present the
probable causesin the question formwhich can
be answered only in ‘yes’ and ‘No’. Then at the

end, suitable explanation was given by the
students based onthe positive hunches. Finally
theresearcher summarized the whole process
and concept. The same method was used to
teach dl the concepts.
Phase—4 Administration Of Post — Test :
After intervention program on experimental
group, again the same achievement test was
admi nistered on both experimental group and
controlled group. An opinionnaire was
implemented only on experimental group for
knowing thereactionsof the studentsregarding
theprogramme.
Tools
Achievement Test: An achievement test was
constructed by the researcher. Thistest contained
obj ectivetype of questions, covering the concepts
of combustion, propertiesof air, transfer of heat,
global warming and static eectricity. Each question
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was of one mark. The test contained total 30
questions. It wasvalidated by theexpertsof science
education.

Opinionnaire: Theopinionnairewas prepared by
the researcher and validated by the experts. Only
closeended statementsand 5 point rating scaewas
prepared onthe effectivenessof theprogrammeafter
intervention of experimen.

Data Collection

For the purpose of data collection, researcher
personally visited both the schools and took
permission from the respective principals and
explained them the purpose of theresearch. First
pre-test wasadministered on both thegroups. Then
|.T.M. wasimplemented on only experimental group
by theresearcher. Controlled group followed their
regular teaching by lecture method. Investigator
ensured that their regular teacher taught them all
these conceptsthrough lecture method. Lastly post-
test wasadministered on both thegroups. Thusthe
achievement scores in pre and post tests of the
sampleisthedatafor the present study.
DataAnalysis

The data obtained was analyzed by using
following statistical techniquessuch asfregquency,
percentage and t —test.

Major Findings

Themgor findings of the study wereasfollow:

t—value calculated > t—value in table at
0.01 level of confidencewas 7.50. So the
null hypothesis— “there will be no significant
differencein the mean achievement scores of
experimenta group and that of controlled
group” is rejected at both the levels of
confidence. Thusthereissgnificant difference

in the mean achievement scores of the

experimenta group and controlled group.
Table: t valuecalculated from the gained scores.

N MEAN SD &M t

Experimental group-43 1022 265 041 750
Controlled group-56 454 250 033

Themean achievement scoreof experimental
groupwhichis10.22issgnificantly highthan
the mean achievement scoreof the controlled
groupwhichis4.54. Thustheimplementation
of Inquiry TrainingModd (1.T.M.) toteach
scienceto standard V111 studentsiseffective
intermsof the achievement of the students.
Out of thetota 45 students, 88.89 % students
liked the new method of teaching and out of
that 55.56 % of studentswerestrongly agree
tothisstatement.

91.11 % students had reported that the
experiments performed wereinteresting and
95.55 % students had told that the method
used for teaching wasthe new method having
learningwithfun.

77.77 % of students had revea ed that they
had openly asked the questionsinthe class
and dso enjoyed asking questions. They aso
felt that the questionsasked by other sudents
wereinteresting.

93.33 % of studentswere agreed that this
method aroused curiosity in themto know
moreand they d so easily understood the
concepts. 86.66 % of the studentshad agreed
that thisnew method provoked them to think
more.
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91.11 % students had reported that they are
satisfied with thisnew method and think that
they remember morewhen taught throughthis
new method.

88. 89 % students had told that thisnew
method of teachingisbetter than theregular
lecturemethod.

Thus as per the analyzed data and the results
obtained through opinionnaire, it can be concluded
that implementation of Inquiry Training Model is
effectiveintermsof arising curiosity in students,
better retention of the concepts, generating interest
in students and provoking them to ask questions
and interact in class. The principal of the
experimental group had observed many classand
based on that reported that she wasvery pleased
with the way the whole programme was
implemented. Also she was surprised to see that
themost notorious classwas so muchinvolvedin
theprogrammeand themost introvert sudentsasked
guestionsand participated in theinteraction. Also
during thewholespan of the programme, researcher
observed that d most 85 % of the class participated
inquestioning.

Concluson

The present study wasan attempt toimplement
thelnquiry Training Mode onstandard V111 students
of Vadodaracity to teach science. The programme
wasfoundto beeffectiveintermsof theachievement
of the students. Also the opinion of the students
proved the programmeto be effective. It wasa so
agood learning experiencefor thestudents. Inquiry
Training Modd is effective in terms of arising

curiosty instudents, better retention of the concepts,
generatinginterest in studentsand provoking them
to ask questionsand interactin class. Theresultsof
the study showsthat if regular classroom science
teachingismadeactivity based andinteractivethen
it will definitely positively affect thelearning and
achievement of thestudents.
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