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SUMMARY, CORCLUSIONS AND SUGGESTIONS

INTRODUCTION

This study was motivated by three main objectives,
First, it was intended' to identify chemistry laboratory
skills at class XII in the senlor Secondary Schools of
the Union Territory of Delhi. The second objective was
to construct tests which would measure the achievement
of students in the chemistry laboratory skills (CIS) at
the beginning and at the end of the academic session covers
ing class XII, OuffcbJective was to find the effect of
factors such as type of school, sex, type of examination,
socio=cconomic status, and out of school activities on

the development of Chemistry laboratory skills,

Other concerns of the study were as follows:
How chemistry 1aboratozﬁr gkillg are related to theory
knowledge, chemistry practical score in class XII (;:”C_BSE) )
examination and Chemistry theory score in ¢lass XII ﬂ
(CBSE) examination. How manipulative skills of a student
are related to his cognitive skills; how manipulative
skills of entry level test are related to manipulative
skills of terminal level testy; and, how cognitive skills
of Entry Level Test are related to cognitive skills of
terminal level test.
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Statleticol anslysis was ondortahien to antwer mony of the

repsapeh guestions matlsed in this studye Thio enzlynis
cousists prinarily of the@ - applicotion of three Bechnicues,
namely, tetost, anolvsis of varfance -nd sorrolotion

analyais,

Reseorth guontion M0.1 agked “what are tho basic
k1118 necfief and dwvaloped in class XIF of She seniop
sccordory echoo} chanistry labozotory?® The list of
tho skills thot wore fdentificd and Finally selacted for
olagses KT and XIT ame ddscusced in Chaptor IV, These
skills were catogorigsed inty elght major categories in sach
%a?:a They wern furthoy subwidlvided fnto 34 aud eategorieo
in the cose of ontry level test and into 81 subesategordics
in the ¢ase of tominel Iovel test.,

Basoarch guestion Boe? asked *Can tosts kw
devaloped to measurc achicvesent of thesé skills?® The
veory faoot that thepe tests hove Deen constructed snd weed
1 clasg XIX of senior scgondapry stoge chemistry Yoborotory
prove thot they can bo dewmloped. However, one eould mot
accopt mor use those tests without further evaluationg
The tost construction offort wes apparently successful as
wili be goen by examising the £indings of quoation o3
thot 2ollous, Dub, in answuer o ghes chove questicon it
would be isportent to roport the ocomnents of students ond
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teachers. Most of the chemistry teachers from schools/
colleges/oniversities/and science edueation spacialists
expressed the belief that chemistry lsboratory skill tests
£illed a long felt void in test availability, The tests
pmvideé';ﬁaachers with means to evaluate achievement of‘
chemistry lsboratory skills and also provided them with a
test instrument that could be used’ for diagnostic purposes
if so 'desired. A student of Chemistry is generally under
the belief that by doing practicals in a chemistry leboratory
and then éppearing in the practical examination, he has
leamnt every skills of a chemistry laboratory., Teachers
are also under a similar impresaion, They are hardly aware
of how many chemistry laboratory skills they lack, It is
in this context that these tests can be used for identifying
the deficiencles of chemistry laboratory skills in a particular
student, Some students also remarked that they enjoyed
taking the laboratory skills tests malnly because it provided
them a chance to perform & task in the laboratory so
different firom the usual lsboratory work and to learn.somew
thing new, They also felt that the experience was interesting
and unique,

- Research guestion No.3 asked "uhat are the
characterstics of such tests?® in reference to the research
instruments to measure chemistry laboratory skills. Content
validity of the tests (Entry kevel Jest, Terminal level TFest,
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& Theory ¥fest (Pandit) was detemmined by asking a panel of

knowledgsble and experienced science educators, and senior
secondary/College/University Chemistry teachers to indicate
their agreement with the match of tes'&:uitem' and the skill it

was designed to measure,

A copy of the chemistry ﬁract:ical‘alynabi of classes
XI and XIX was also supplied with tﬁe testé, category of
skills and validation forms, Their responses which, Qe
di‘a;:ussea in Chapter IV, indicates an overwhelming agreement
that tests are characterized by high content validity., A
good number of gquestions received one hundred percent agreement
and the rest receilved over eighty pgment agreement from 211
those contacted, Several testeitems also evoked suggestions
and recommendations, Those recommendations and other eritical
remarks were %taken into account while preparing the final

version of the chemistry laboratory skill tests,

The reliability on’:‘ various tests in total sanple
CTemm e — =l - are given in table 7,1 bzlow.
Table 7.1 -~ Reliability values of warious tests

Tests X Z Total sample
Entry Level Test 0,410
Texminal Level Test 0,647

Theory Test (Pandit) 0,902
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The inclusion of 17 test items that have 16w item
difficulty is largely responsible for the value not being higher
in the case of Entry Level Test, . The inclusion of 13 test
items that have low item difficulty is largely responsible
- for the value not being higher in the case éf Tezxminal Level
(pandit
test, The relisbility of the theory test/is very good, The
inclusion of such items In the test is appropriate because
they measure important laboratory skills,. For this reason
it is appropriate that students should have opportunity to
demonstrate their mastery of these skillsy -
Examination of the individual item statistics
reveals that some of them have .low difficulty ana likew:ise
Iow discrimination values. Many of them weze from lmf;h-
categories (manipulative & mgnit‘ive) of tests. The
discrimination indices of the tosteitem 1ie between 0,100
and 0.800, These values mflect the degree to which the
question discriminetes between the bettex: Be poerar students,
A'high value reflects a ques’tlon of greater ézscriminating
power, The complete item analysis fur each item in the tests

ig given in chapter V.

Research question No. 4 pertained to the relative

performance of sﬁus.?(ents Entry level test, terminal level

nait)
test and. Theory test/"The perfomance of students on various

tests are given in table 7.2 cverleaf.
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Table 7.2 3 Performance of Students on various tests

Se Tests Mean Standard

No,. Deviation
1. Entry Level Test 68,77 8.38
2. Terminal lLevel Test 72.46 10.52

3. Theory Test (Pandit) 61.52 22,96

These values clearly indicate that students have
developed sufficlent Chemistry laboratory skills needed for the
completion of the Chemistry practical course of class XI, On
an average a student has gscored 68,77 marks out of 1006, Thele
revalues also indicate that there is sufficient gain in chemistry
laboratory skills during the year, A student has on an average
gained 3.69 marks, The cor:é‘elations between Entry Level test
and Terminal Level test, Between Temminal level test and theory
tesézaggé;;en Theory test and Entry level test are also highly
significant,

Research question No,5 asked "“about the relative per-
formani:g of students on varlous tests from different types of
schools®, The students in some schools do differ in achievement
on Bntry Level test, and Terminal Level tests, The Entry level
test performance differences between type I and type II school
are not significant but they are significant between Type II
school & Type III school and between Type III school and €ype X
school. Thus type ITT school is distinctly different from the
other two in this regard, The Terminal Level test performance
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differences between Type I school and Type II school, between
type II school and type IIX school and between type III school
and type I school are all significant. But agaln, type IIX
school shows its distinctiveness ﬁem also.

The Bogs and Girls of Type I school do differ on
Entry Level Test, The boys and girls of type IXI school do not
differ on Entxy Level Test, The two groups of boys of Type I
school & Type IX school do not differ on Entry Level Test,
The .two groups of Girls of Type I school and Type II schools
do differ on thelr achievement on Entry level test.

The Boys and girls of type I school do not differ
on their achievement’of Terminal level Test., The boys and girls
of type II school do differ on their achievement of terminal
level test;. The two groups of boys ’of Type I & Type II schools
do not differ on their achievement of Terminal level test., The
two groups of girls in type I & type IXI schools do differ on
thelr achievement of ‘remix::al level test, It 1= important to
note that in ELP it 1s qgirls of school type I who have distinctly
lower score than the rest, But in TLT it is girls of type II
school who have distinctly highér score than the rest,

Research question No,6 asked about the. "correlation
between laboratory skills (Entry level test, Temminal Level Test)
and theory test (Pandit)". The correlation between Entry level
test and theory test (Pandit) is significant in the total sample
but not significant within various types of schools, The
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correlation between Terminal Level Test and 2he0ry‘\‘fi‘e‘sﬁ
{Pandit) is significant in the total sample but not siénifi-
cant in the three types of schools, The major variations in
this context seem to be captured by school types, Variétions
within schools have no systematic pattern, This result also

carries over to the next gquastion,

Research question No,7 pertained to the "Correlation
between chemistry laboratory skills (Entry bevel Fest and
Terminal level fest) and socio economic status, In the total
sample this correlation is significant but not significant in
the various types of schools,

Research question No.8 asked about the "Correlation
between chemistry laboratory skills (Entry lovel Test and
Terminal level Test) and out of school activities, The
correlation between Entry level test and out of school activities
(hobbies/sclentific activitiesfMork experience/NVocational
Job) is significant in the total sample and type I and type IX
schools and in the case of type III school {at 5% only)e The
correlation between Terminal level test and out of school

activities is not significant in any of the four samples.

Research question No., 9 is intended to examine the
correlation between Entry level test and Terminal [level Test.
The correlation between Entry level Fest and Terminal i.eval “fest
are signlficant in all the four samplese
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Research question No, 10 pertains to whether the

correlation between chemistry laboratory skills (Entry level
test, Terminel level test) and the chemistry practical score of
class XII (CBSE)e The mz;relations of Entry level test with
chemistry practical score class XIX (CBSE‘)‘? is not significant
in the total sample and alsc in thiee types of schoolsy ?he’%
correlations of teminal level test with chemistry practical
score class XIX (CBSE) is not significant in 3ll the samples, J

- ‘ Research question No,1l asked asbout the correlation
between theory test score (Pandit) and theory test score class XIX
(cBSE)", The correlation of theory tast score {Pandit) with
theory test score class XII (CBSE) is significant in the total
samp?.e," Type I & Type II schools but not signifigmt in the

case of Type III school. ' ‘

Research question No»12 is concerned about the
correlation of manipulative skills and Cognitive skills of -
Entry level test. The correlations between the manipulative
skills and Cognitive skills of Entry level test are not signifie

cant in any of the four samples.

Research quéstion No.13 asked about the "correlation
of manipulative skills and cognitive skills of Tewmminal level
test." The correlation between manipulative skills. .and cognitive
skills of Terminal level tes§ is not siggifi"cant in any of the

four samples.
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Research question No.l1l4 pertained about thé "correla-
tion of manipulative skills of Entry level test and manipulae
tive skills)of Te:minal‘leval test.® The correlation between
the manipulative skills of Entry level test and manipulative
skills of ferminél level test is not sigﬁificané in the total
sample,.typé ITI and type III schools sub samples, However the
correlation is significant in the case of Type I school sub
' Sample. ‘ '

Research question ﬁcgls'asked about the “correlation of
cognitive skills of Bntry level test and cognitive skills of
Terminal level test.® The correlation between the cognitive
skills of Entry level test and cognitive skills of Terminal
level test is significant in the total sampie and significant
in the case of Type Ii & Type III schools at 0.05 level of
significance only. The corvelation in the case of Type I

school is not significant,

Research question No.16 asked about the "correlation
of various tests (ELT, TLT, Th.T), and the types of Examinations®.
The correlation between the various tests (ELT, TLT, & Th,T)
and type of Examinations are significant in the total sample
but the correlation cannot be computed in case of various types
of schools, since the type of examination within a school is

the same,
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Conclusion of the Study

The study has demonstrated that it is possible to
construct tests of chemistry laboratory skills that are
characterlized by high content validity and apparently
acceptable reliability., These tests may be used by
schools to measure the achlevement of their students
in chemistry laboratory skills. They offer several
advantages over gkii] tests prepared by teache&s for their
own use, These advantages include the use of greater
nunber and variety of test items, Uniformity of tests
that allows comparison within and between schools, sex,
type of examination, socio-econcmig status, achievement
in out of school activities, achievement in chemistry
theory class XIT (CBSE)’achievement in chemistry practicals
class XII (CBSE) . The'flexibility to use the results in
an evaluative or diagnostic mode, as well as others that
relate to individual schﬁol/%eécher needs.k The procedures
used in constructing the tests are applicable to the
construction of laboratory skill tests in areas of sclence
other than Chémistry. ' ' *

The capabllity of these laboratory skill tests to
measure areas of learning othe; than the traditional
content area was demonstrated and as such lends further
ciedence to their use in evaiuating a students performance
in chemistry, The enthusiastic rece<ption by both
teachers and students lends additional support to their use,
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Students appearing in the All India Higher‘secondary
Examination were found to perfom significantly higher on tests
of chemistry laboratory skills compared to students appearing
in Delhi Boarde The performance on the manipulation testw
items was greater than o; the cognitive based items, The
significant effgct due to sex, and type of school, was examine
ed and several explanations were:pzesented to account for

these findings,.

‘The study also revealed a high correlation between
the ability to learn subject matter content and the ability
to learn either manlpulative or cognitive baged laboratory
skills, Again possible exXplanations were presented, This
study concludes with recommcendations for future studies
that need to be pursued to answer some of the questions
presented in dlscussion of the findiﬁgé of this study as
well as others .raised in the literature,

Suggestions for Future Studies

The following suggestions for additional studies
are based on the f£indingsof* the present study as well as

related review of literature, The suggestions are as followsse

1. Additional tests of laboratory skills for other areas
of sclence need to be developed, utilizing the Entry
Level & Texminal Level tests of skills,
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The Terminal Level Test of laboratory skills®” should

be used to establish local or national norms for

achievement of chemistry Iéboratory skills as is true

 for subject matter content at various stages of

scﬁool éaucatiqni ' ' <.

The correlation between performance on thé,ﬁntry level "
& Terminal ;evel tests of chemistry laboraﬁory skills
and other instruments that measure process of ‘
science ﬁeeas to be established, In addition the
correlation between perfomance on the Entry level

test and Terminal level test of laboratory skills®”

~ and more specialised skill test needs to be determined.

Further studies need to be conducted to detemmine

the specific charagteristics of 2 curriculum that
are responsible for promoting higher level of skill
learming. The "Entry level tgég and Terminal level
test of chemistry laboratory SKillé” would serve asg
the Criterion instrument, t
Further studies need to be undertaken to determine
which teacher and student.chéracteristics lead o
more effective teaching/learning of chemistry laboratory
skills. ‘

Additional research peeds to beicarvied out to deterw
mine the influence of achiévemenﬁ in chemistry
laboratory skills on f£inal chemistry score in theory

and practicals,
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Investigations need %0 be carvied out to determine the
most effective way to teach/learn chemistry laboratory
skills to. students of different ability levels and
interests,

Results from earl_ier studies concerning the importance
of the laboratory to a science course need to be
reexamined by employing a more appropriate crilterion
instrument such as the “Entry; level - test & Terminal
Le‘&;el test of chemistry laboratory skills,”

Some other possible areas of study in the field of
chemistry laboratory skills for consideration of

future researchers are ¢

Various curricvla=related chemistry laboratory skill tests

Chemistry lLaboratory skill tests in different. cultures,

countries, regions, states. etc,

Chemilstry, haboramz;y skill :tests related to various

Boards of Secondary Eﬁucatiqrig,

Gﬁaﬁis.try Laboratory skill tests for handicapped and
nommal students,

Chemistry Laboratory skills tests taking into account
the time factor for achievement of skillsa. |
Chemlstry Laboratory skill tests for urban and xural
students. |

Chemistry Laboratory skill tests for students studying
Chemlstry/Science through various mediums of instruc-rw |
tion (Language) A
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~ Chemistry Laboratory skill tests using various
‘strategies of instruction, languaée, woiﬁ sheets,
vcoﬁputer assistéd‘instruct;on, pzogrammex~ learﬁiﬁg
instruction, self peced instruction, individual
performance, group performance, Individually guided
.system of instruction etcs | |

w Chemistry Laboratory skill tests for vazzous sociom
economic stratas.

" = ‘Chemistry Laboratory skill tests for various
intelligence groﬁps. '

- ‘Chemistry Laboratory skill tests ﬁor students with
different material’ facilitles/humen support for
learning in ;abqrato:y. ‘ "

. The suggestlons can be probably many more keeping in
view the nature of the area of study and the advances which
have taken plaaa in the developing cmuntries particularly .
United States of émeriaa.

The devaloyment of‘tests to measure achievement of
chemistry 1éhofatory skills has made it possible to examine
the chemistry laboratory experience in more details Several
studies relating to chemistry laboratory skill achievement have
been conducted and the results of these studies indicate that
there is a difference in the ability of different curricula
to promote»achievemeﬁt of 1éboxat0ry skillé?,’(See Review
of)literature Chapter II),
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The studles slsc indicate that there is no difference in
the ability of either wmales or females to learn chemistry‘
labhoratory skills. .The Entry level test and Terminal Level
test of chemistry laborotory skills é&vgleyeﬁ in this study
could be used to investigete additionsl research guestions
as recomnended alxgve., The answers to these guestions will
provide insight into the role of chemistry laborztory in 5
promoting chemistry laboratory skills and the effect of

different teacherestudent characterstics and instructional

strategies in achisving the goals of leboratory instruction,



