CHAPTER =V

CONSTRUCTION OF TESTS~VALIDITY AND RELIABILITY

Introduction

Three tests were constructed as a part of the
study. The Entry level Test was constructed to measure
the achievement of students in chemistry laboratory
skills at the begining of class XII, The Terminal Ievel
. est was constructed to measure the achievement of
students in chemistry laboratory skills at the end of
class XII. Theory test {(Pandit) was constructed to mea=

sure the theory achievement of students class XII.

Entry Level Test
The Entry Lavel Test was constructed on the basis

of needed chemistry laboratory skills for class XI'..
Among the 82 chemistry laboratory skills identified for
the Bntry level Test, a test was constructed which
consisted of 49 test items (15 manipulative type and 34
paper pencil type,) Subsequently the test was revised

on the basis of suggestions of practising teachers and
the faculty members of science education. Some of the
suggestions made by them were that some test items(colour,
odour, size) recognition are rather elementary but they
make the test a good representative, students have no

clear ideas about these experiments, Students feel skill



of measuring distances & pH are elementary and test
items on volumeteric analysis and selection of glass
apparatus were rated good. They wished there should .
have been more test items regarding volumeteric analysis,
Test items regarding selection of chemicals, indications
of {(melting point/boilding point) & proper position of
cork‘ for boring were rated fairly good., Test items
related £o calculation of amount dissolved, calculaw
tionof molarity £rom an&unt_: dissolved, calculation of
molarity of unknown ‘soluticn, choosing correct graphy
Identifying a combustible gas were rated suitable to
test the chemistry laboratory skills of class XI, Test
items related to the heat indications of a chemicél
réaction.'ﬁ precipitating indications of a particular
chemical change, identifyiné a’part:icular salu';:ion with
the help of 1itmuar p;aper,' :i;dentifying an electrolytic
solution, reasén to prepare p"original solution were also
rated good, Test items related to heat of neutralisation
and shift in Chemical Equilibrium were found to be
di£ficult and tmexpeéted ones These eiperiments‘ are
rearly done in practical classes, The items deleted

in the f;rst version of the Entry level, Test were
comparison of h,eawnessq noting down the time, character~
stices of the zonesrof a f£lame, scratcing technique of a

glass tubing, application of pressure on a scratched
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glass tubing, sequence of operations in calorific value
determination, and calculation of heat of neutralisatione

The item of heavyness of liquids was dropped
because experts expressed the opinion that responses
may vary as per the individual and the test item is
of an arbitrary nature. The tegt item on noting down
time was dropped because there is not much of time study
in the chemistry practical gyllsbus at this stage. The test
item on study of zones of a flame, scratching technique and
application of pressure on a glass tubing are too elementary
since the student has been dealing with them for five years
earlier. The test item on calorific value and heat of
neutrallsation were thought to be tvo lengthy for the time
avallable for the test and therefore dropped. The test
items on detecting the lesk in an assembled apparatus,
assembling the apparatus from the drawing and fitting up
of wash bottle were split into two test items one dealing
wlth the fitting up of the wash bottle and the ,second
dealing with the detection of leaks in that assembly. The
whole test was rated good by 25 experts for average
students but commented that it does not pose any challenge

to good students, -

The second version of the Entry Level Test
contained 42 test items (14 manipulative type and 28

paper pencil type)e. This test was also revised on the
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basis of the opinions expressed by séudents and teachers.
‘Some of the suggestions made by them were that test
:Ltemsr regarding recognition of odour, bending a glass
tubem weighing a substance are not reliable and cannot
be done by everybody. Test ;tems relating to Fhe per -
forming of volwaei;rip titrations is not an easy test item,
Test dten relating to the finding of the correct graph
has been objected on account of the sequence of datea..
The test item related to fian;e test has been objected
since the results are mot usually good. Some thought
bending a glass tube, boring a cork are téo elementary
and as such should not be included in the test. Some
experts @ointed out that students are not at all concious
' about the guality of chemicals/glassware. They just
work with whatever isliamvic‘ied to them, Some felt
questions regarding melting and boiling points should

be enlar{ged\. Test ltem regarding the new compound
formation and reasons for it ‘should have been included,
Experta éxpressed the oppinion that ,rz;ore test i‘i:éms on
salt anclysis should have been included, Some experts
appreciated the p:eéen,ce of test items on chemlstry
lsboratory skills of lower classes. They also expressed
the oppimon that the test item regarding the canbustabality

of a gas needs to be reworded,
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The,ot;aeff suggestilons were as following. The
‘instructions regarding responses should be clear. The
word odour should be used ingtead of smell. The word
seat should be used instead of station. Some changes
in the distractors of test items oh boiling point/
melting point/litmus paper and characterstics of an
acld were also suggested to be modified. Test item
on volumeteric analysis was thought to be multiferioﬁ's
containing many skills.‘,, There were also suggestions that
organic compounds should be included for odour recognition,
The angle of bending a tube should not be sgpecified.

The dismentling of the spparatus was suggested to be
included as éne of the objectives in assembling the
apparatus. Two experts expressed the oppinion that there
should have been two or more test items about volum;teric
titrations., Some 9xperts felt many testeltems were of

a theortical nature.

The final version of the Entry level Test contained
42 test ltems (14 manipulative type and 28 paper pencil
type)s The manipulative test items were recognition
of (colour, odour) grading crystals of salts according
to thelr size. Some of the other test items included
in manipulative category were bending a glass tube,
boring a corke. Assembling an apparatus £rom written
instructions, identifying a leak in an assembled apparatus,
measuring volumes in a graduated cylinder, weighing a
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subgtance in a chemical balance, identifying a
particular glaés, apparatus, measuring length and
measuring pH of a solution and performing a. volumeteric
titration, = . 4

Vot

‘ ‘ The paper pencil -t:ests mnnberea twenty eight. |
'They related to pmper selection of chemicals and
glassware, indications of boilging and melt:l.ng points,
proper position of a cork while boring, selection of
yproper measuring vassel. proper fittz.ng of an apparatus.z
choosing a correct indicator, calculating the amount |
of substance :equired for preparatlon of a standazd
solutien, calculating molarity of a solution from the
amouat dissolved. calculat:.ng the molar:!.ty of an unlmown
solution with the help of molar:!.ty dgquation, finding the
correct grap‘n related to a pari:icular da‘ca, identifying (
a gas vmich supports combustion. identifying the correct
heat inaications of a chemical change, identifying the
correct precipetating indications of a chemical change,.
identifying a solution with the help of ‘@olour change

in a pH paper, identifying an electrolyte with help of
glowing of a bulb, prepearing an origional solution,,
identifying a group in qualitative analysis, analysis of
an individual rddical, removing hydrogen sulphide f£rom
the salt solution, removing acidity from .a. solution,
removing alléalni;t:y from a solution, performing a flame



test, performing a charcoal cavity test, perfoming a
borax bead test, Identifying strongest acid and strongest
alkali, £inding the shift in equilibrium of a chemical

systeme

TERMINAL LEVEL TEST

The Terminal Ievel Test was cons;ructed on the
basis of needed chemistry laboratory skills for Glass XII.
Among the 50 relevant chemistry laboratory skills
:}.dentified intially a test was constructed which consisted
of 45 test items (15 manipulative tests items and 29
paper pencil test items)s .’

The test items included in the £irst version weres
The part (A) of the test contained following test items
identifying the colour of a pigment « identifying the
odour of a gas, =« identifying a particular metal, =
ranking salts according to their sizes, identifying a ring
like shape, = identifying a surfa;:e with a rough texture, ‘
~ assembling an apparatus from the diagram, - assembling
an apparatus from the written instructions, identifying
a boilding tube, comparision of heavyness of two similar
bottles, - resdifg wolumes of coloured and colourless
solutions, selection of measuring vesssl o % identifying
~ an (acid/alkali) with the help of a pH paper, determining
the weight of an object, measuring the length of a glass
tubing, =~ performing a volumeteric titration.
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The Part (B) of the test contained the fa.c%wing test
ltemss selecting most appropriate measuring vessel,‘ selecting
most suitable solvent for the sepe:ration of coloured
pigments, selection of a measuring vessdl. Differentiating
a mlar solution of an acld from a normal solution,
calculating the amount required for a particular volume of
a particular molarity, selecting sppropriate quality of
chemicals for a particular experiment, Finding the indications
of a saturation polnt of a solution, skill of forming an
emalslon, sequence of cleaning glassware, Indications
of boiling point, indications of melting point, f£finding the
correct sequence of coagulating péwer of different lons,

-skill of choosing coordinates of a graph. skill of inter-
preting a greph, skill of interpreting the data, skill of
finding the hottest zone of the flame, preparing sodium
extract of a salt/salt mixture, prepearing original solution
of a salt, performing a group test, suppressing the
ionisation, performing an individual test of a cation,
performing confirmatory test of a cation, bolling ovff
hydrogen sulphide, removing acidity, removi-n’g alka]&:ity.
prepearing .néutral solution, performing flame test, performing
charcoal cavity test, performing borax bead test. The test
was revised subsequently on the basis of comments and
suggestions of practising 1l:.leixr:u':ﬁ'xez:ﬁ and faculty members of.

science education.
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The suggestions made by them were as following. Shape
of a c¢rystal cannot be judged by a naked eye, Ring

like shape can be judged if students are already exposed
with that earller, Instead of word texture rough surface
should have been used. An agpparatus can not be assembled
only by seeing a picture, it needs a lot of previous
practice, there is no standard size of boiling tube,
Students are not aware how to read meniscus. Test ltem
on émulsion has not been stated c¢learly. Solvents are
related to the nature of pigments. Students may have
difficulty in answering the correct quality of chemicals.
Some people felt teateitem on melting point does not
provide a skill others felt £inding correct sequence

of a chemical operation and inter-pretation of a graph
is not a skill, |

The three test items delected in the first version
were comparision of heavyness éf two exactly similar‘
bottles. Selection of proper measuring vessels, Inter=
pretion of a graph. Test items on identifying the molarity
of an acid, and group test were modified, The test item
on heaviness was deleted because the experts expressed the
view that the test item i3 an arbitrary one and the
individual reactions will greatly varye. The test item

on selection of measuring vessels has been deleted on the
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cements of experts that since it has been already

covered in the Entry Level Test and also that the test
item is an elementary one. Test item on interpretion a
graph has been deleted on the advice of experts because
they felt student will not able to interpret a curved
graph. The test item on molarity of an acid has been
deleted on the basls of coments of experts, because they
felt the test items involves only recall and 1s more of

a theoretical nature (knowledge type), The test item

on group test was modified on the basis of coments of
experts, The test items was ©f a recall nature and looked
more like a theortical test item. The test item was modi-
fied so that deep thinking is involved,

The second version of the test contained 4ltest items
{14 manipulative test items and 27 paper pencil test items),
The test was ag;'e.in revised on the basis of comments and
suggestions of students, chemistry teachers and experts in
ascience education. The comments and suggestions made by
them were. Language needs improvement. Test item relating
to the selection of solvent 18 just memory test item
relating to the cleaning of glassware does not involve any
skill, Some tegte~items on texture were rated easy while
test item on plotting of graph were rated difficult]
Test item relating to the recognition of (coloury/ odour)
a metal;, ranking salks according to size, recognising a
(ring shape/ rough) texture measuring length were rated
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very simple for this level of students. Skill of
interpreting data was also .. . rated as very simple,

The final version of the kest contained 41 test items
{14 manipulative test items and 27 paper pencil test
items), The test items in Section A (manipulative items)
related to recognition of {colour, odour,; metal) recoge
nition ;:af ring like shape and rough texture, ranking salts
accordifng to size, assembling an apparatus from picture &
written instruction, identifying, a boiling tube, (among
differegt tubes) an acid/alkali (wii;h the help of pH paper)s
skill of reading wolumes, determining weight, skill of
measuring length. 8kill of perfomming titration. The
test items not included in the Entry Level Test were recoge
nition of (a metal, ring like shape, texture of wood) and

volume measurement of coloured solutions.

‘ﬁ'xe paper pencil test-items in the test were selecting
appropriate measuring vessel, suitable solvent, differentiae
ting molar solution from a normal solution, calculating the
correct amount of a gsubstance dissolved, selecting approp=
riate quality of chemicals, indications of a saturation
point, forming an anulsion, cleaning lsboratory glassware,
indications of {(boilding point/melting point). Coligulating
power of different lons, plotting a graph, Interpreting the
graph, Interpreting the data, prepearing (Sodium extract/
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original solution) performing a {group test/individual
test/confirmatory test), suppressing the ionisation,
boiling off hydrogen suphide removing (acidity/alkalinity)
prepearing neutral solution, performing (flame testy/
charcoal cavity test/hora:#aead test)., Most of the test
items of the Terminal level test and Entry level test
were identical except in the Terminal Level Test, the
level of difficulty is of a higher order and detalls of
the laboratory skills are somewhat different from Entry

level test,

Theory-Test {Pandit)

The theory t.esf. was constructed from the composite
syllebus of classes XI and XII, The entire theory syllabus
was analysed by the researcher for the possible constructio n
of test ltems. An initlal test was constructed containing
100 gquestions, The test was shown to practising teachers
and faculty members of science Education and it was sube
sequently revised on the basis of their ccxr;ments. Some of
the suggestions and comments made by them were that the
test item on orbital needs change in the stem, tast item
on van'der walls forces needs change in 1angxzage. Vander
walls forces should not be mixed with bonding forces,

A simpler diatomic crystal should have been given, Test

item on polar molecule and hydrogen bond needed some changes
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in dt‘bstratcrs, C}i4 ghould be properly represented. Test-time
on combustabllity of compounds ghould have included some
carbonates. Test-item on Group II-A of the periodic table,
was found to have inadequate data. Test item on catalyst
had data which seemed ambiguouse 38 test items were oo

elementary and needed to be weeded out of the test.

The test items weeded out of the theory test (Pandit)
were as followings

Recognition of a chemical formula of a cc»mp':nﬁmil.~ Inter=
pretation of a chemlcal equation, characteristics of a theoxry,
interpretation of a graph, characteristics of a physical change,
The characteristics of an lsotope, calculating the gram
molecular weight, calculating density from a graph, calculating
the molarity of a solution fxom the amount dissolved, calculating
the nurber of atoms in a molecule, Finding the atomic welght of
an element from the molecular formula of a compound, postulates
of Kinetic Molecular theory, Indications of a chemical
reaction, identifying an unknown compound from the data given,
Finding the mass number of chlorine, choosling a suitsble method
for seperation of four pure solid substances, inserting the
coefficients of molecules in a chemical reaction for balancing
a chemical reacticn by hit and trial method),calculating the
moles of a chemical compound on the basls of chemical reaction

and data onlye. The name for process of seperating mixtures,
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postulates of Dalton's atomic theory, calculating the
percentage of a component of a mixture on the badiu
of given data for a mixture, calculating the heat of
a solution from the given data, Numerical on Boyles
law, Recognising the structural formulas of benzene,
Recog‘nising ipcorrect formul? .. of a3 compound charactw
eristics of a saturated solution, Assumption of kinetic
molecular theory, characteristics of hydrolysis, choosing
the correct name of a compound, £inding electrons,
protons in an isotope, Identifying a parbiqle contain.i_,ng
given number of electrons, prot';ons, and neutrons-Identi
fying the data for stendard tempérgi:ur:e ~v&: pi:'assure. .
Finding ‘the mass number of an isthpe. aﬁoﬁic ratio
between Group IA and VI A, ‘identifying a pélax: molecul@ " .
Finding pH value of a solution on the bésg.s of given

hydrogen ion concez:tfation, completing a nuclear reaction,

Most of these test items were elementary and suitable
for secondary classes only and many of the test items
were repeated more than once. These 28 items have been
deleted mainly on account of being too elementary.
The p;actising teaéherg (schoolsf?@allegégs/universities
and faculty members of science education expressed the
o;::!.n;loﬁ that these test items were oo elementary for
students of class }C:!_::l:.r They expressed the fear that if
these test items were included in the theory test it may
not be possible to correctly asses the achievement of §

student in the %heory flest (Pandit).
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The second version of the test was prepared which
contalned 62 test items. This test was also circulated
to a group of students, practising chemistry teachers
and faculty members of science education for comments
and suggestions, The qéments and suggestions made by

them weret

The resj;)onse on test item relating to‘ catalyst
was not expected to be good and therefore needed modis
fication, Test item on Equilibrium constant algo needed
modification, Twenty two test items were eliminated f£rom
the second version of. the theory test which wgre‘ thought
to be too elementary or were controversial or duplicate.
The test items delected from the second version of the

Theory Test were the fo;lowingt

Electronic structure of a; stable atom, the proper
name of a chemical compound, indications of a chemical
reaction, recognition of an ionizstion équatiori, characts
eristics of an 1isotope, shgpe of methane molecule, Cal=
culating molarity from the amount dissolved, calculation
of moles from chemical equation & data, calculation of
moles £rom formul@ and data, chemical equilibriovm,
calculating the equilibrium constant, characteristics of a
collodial aispersioﬂ, finding the bolling point of mercury
on the basis of data., hydrogen bonding, calculating
oxidation number of chemical formula: calculating the

volume, of a gas from a Avagadros number and mass at standard
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témperature and pressure, c;lculating the molarity

from the data with the help of molarity equation,
calculating the pH from the hydrogen ion concentration,
factors affecting equilibrium system, process of éhanging
an atom into negatively charged ion, characteristics of

a crystalline sodium chlorideg.

The final version of the test contained 40 test items,
The test 1tans vere as following .. & electronic
structure, orbitals, crystals, vander walls fomeé,
chemicals analysls test items r%ii rr?sf a reaction.
" equilibrium constant {two test/ eleven test 1tems on
organic structures anc'.{ their properties, combustability
of compounds, solubality of a solvent, ch'araé‘teristics of
Group ITI-A of pericdic table, Regction of double decome
position, Role of a catalyst, Ionic character, character=
istics of Group VIIw-A of the periodic table, Reaction of
neutralisation, chemical formulCk of an oxide relating
to Group II~A Molecular crystals, eléctz;onic configum
rations,"'Allctropes, prediction of méltj,ng point of an
element in Group VII=A, Reaction of ox:?;datiqﬁ; liquification
of a gas, characteristiés of I~A group elements in
periodic table, covalent character, nuclear equation,

nuclear reaction, characteristics of an in sectic_::!.des.,

Enzymes. The rest contained six items related to knowledge
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28 test itens relatéd to understanding and six test items
related to application. The emphasia was to test the
conceptual understand/of chemistry, relateﬁ to chemical
stmctures{ and properties and applications,

Validity of the Tests

CQnteﬁt validity of i:nes*;e three tests was established
by asking .a panel of knowledgesble and experienced sclence
eduecaters and practising chamistry teachers (Schdéls/‘ |
Colleges/Universities). Each i.es;/ validated by 30 experts
{The .ntry Level Test was validated by/Science Edqucation
Experts, 2 University chemistry teachers, 6 college
Chemistry teachers, 15* school chemistry teachera) The
Teminal Tevel Test and Theaxy Test {(Pandit) were validated
by *6 - science education experts, - '7 -;miversity chemistry
teachers and 17 'school cl;e:;zisi;ry teachers) .

' They were asked to indicate their agreement or dis;-
agreement’ with comments sbout the test items. They were
also asked 1f the particular test item measures the skill
it was designed to measure. They were further asked to
comment if the particular testeitem related to the category
of chemistry laboratory skillg to which it has been assigned

to is agreeable or not,. .
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Validity of v: ogt 1 3 of Entrv lLoval Test

Test Itcm No.

Agrsement pissgrecneot

o1 96~2/3% 3l

02 86 0/ 3% 13-1/3%

03 20% 10%

04 96=2/3% 3-1/3%

05 93-1/3% 6=2/3%

06 100% 0%

07 9Bw2/T  3e1/3%

0a 96=2/3 3.1/3%

09 100% 0%

10 93e1/3% 6-2/3%

11 93-1/3% B=2/ 7%

12 O6w2/3% 3-1/3%

13 96-2/3% 3-1/3%

14 96=2/3% 2-1/3%
BART -8

15 83-1/%% 16-2/3%

16 80% 10%

17 20% 10%

18 93+1/%% 6n2/3%

19 o0% 10x

20 962/ 3% 3-1/%%



21
22
23
24

- 25

26

27 .
28

29
30
31
32
33

- .34

35

37

38

39

a1

42

86-2/3%.
93=1/3%
100%
100%
93=1/3%

- 90%.
86=2/3%
93«1/3%

100%
100%

93=1/3%

°0%
86-2/3%
93-1/3%

93-1/3%
- 90%

931/ 3%
96=2/3%
96=2/3%
96=2/3%
100% -
100% .

13-1/3%
6=2/3%
0.0%
0.0%
6=2/3%

10%

13=1/3%

Gm2/3%

0.0%

" 0e0%
 Gw2/ 3%
' 10%

13=1/3%
Qu2/3%

6m2/%%
0%

6=2/3%
3e1/3%
3«1/3%
3=1/3%
0.0%
0, 0%
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In the Entry Level Test the agreement of various
test items by experts varled £rém 100% to 83-1/3%
Eight test items had 100% agreement, = Pest items
had 96%2/3% agrecment. Eleven test-items had 93-1/3%
agreement, seven test items had 90% sgreement, four
test items had 86»2/3% agreement, cne test items had
83-1/3% 'agreement.

Tsble 5.2 .

Ve_ili kY of Various Test Items of Teminal Level Teste

-Pest TtemNo. Agreement - Disagreement
01 96&2/3% 3wi/3%
02 100% 0.0%
03 96#2/3% 3e1/3%
04 80% 20%
05 86=2/3% 13-1/3%
06 96=2/3% 3-1/3%
07 962/3% 31/3%
08 96=2/3% 3=1/3%
09 90% 10%

10 93-1/3% 6=2/3%

11 100% 0.0%



12
13

14 -
PART =B

15
16
17
i8
19

20
21

22
23
24
25
26
27
28

29

31
32
33
34

96=2/3%
90%
93-1/3%

86-2/3%
86-2/3%
931/5%
93-1/3%
96=2/3%
100%
80%
96-2/%%
86-2/3%
86=2/3%
96=2/3%
90%
90%
96~2/3%
96-2/%
96w=2/3%
96=2/3%
96-2/3%
96«2/3%
100%

3=1/3%
10%
6-2/3%

13-1/3%
13-1/3%
6w2/3%
6=2/3%
3-1/3%
0.0%
20.0%
3-1/3%
13-1/3%
13=1/3%
3=1/3%
10%
10%
3-1/3%
3-1/3%
3-1/3%
3-1/3%
3-1/3%
3-1/3%
0.0%



35 93-71/3"}: 6=2/3%

% 96=2/% 3-1/3%
37 96-2/%% 3-1/%%
8 100% O 0.0%
I 03-1/3%  6-2/%
40 83-1/3.  16=2/%.
s o0% . 10%

In the Terminal Level Test the agreement on various
test items varied from 1004 to 80%, Five test items had
100% agreement,, séventeen test items had 96«2/3% agreement,
six test ltems had 93=1/3% agreement, Five test items
had 90% agreement, Five test items had 86-2/3%‘agreement,€
@ne’ test items had 83+1/3% agreement, and two test items

had 80,0%, agreement.,

Table 5.3
¥alidity of various Test Items of Theory test {Pandit)

Test Item Noe Agreement Disagreecment
01 90% 10%
02 80% 20%
03 90% 10%
04 80% 20%

05 93«1/ 3% 6=2/3%



06
07

08 .

03
10
11

12
13

1“44
15
16
17

18

19

20 |

21

22

23
24
25
26
27
28

29

30

90%
93-1/3%
93<1/3%
100%

93-1/3%

96-2/3%

96=2/3%

100%
S6w2/3%
OGw2/ T
93=1/3%
100%

100%

0Ge2/3%

90%

86=2/. 3%

93wl1/3%

96m2/3% |

B6m2/3%
S0%

93+1/3%
96=2/%%

93m1/3%
90%
100%

349

1%

6§~2/3%
6=2/ 3%

8] _O\LO%

6=2/3%
03-&/3% ,
3-‘-1!37'.\ .'
ou0%
3-1/%%
3-1/%
6-2/3%
0.0%
°"‘,0°f‘€:.
3-1/3%
10%
13-1/3%
6=2/ 3%
3-1/%
13-1/3%
105
63;-?/3% .
31/5%
63/
10%
o;;_‘o%‘



31 100% 0.0%
32 96-2/3%  3~1/3%
33 96-2/3%  3-1/3%
34 93-1/3%  6=2/3%
35 90% 10%

36 93«1/3%  6~2/3%
37 96-2/3%  3~1/3%
38 96=2/3%  3=1/3%
39 90% 10%

40 96=2/3% 3=1/3%

In The Theory Test (Pandit) the agreement on various
test items ranged from 100% to 80%. Six test items had
100% agreement, twelve test items héd 96~2/3% agreement
ten test items had 93-1/3% asgreement, Eight test items
had 90% agreement, two test items had 86«2/3% agreement

and the rest two test items had 80% agreement.

Relisbility of Tests (ELT, TLT & Th.T)

The reallability of all the tests was calculated by
Split half technique by dividing all the tests into two
equal halves (in terms of marks)s. The reliability of the

tests was calculated using Spearman Brown Prophecy Formulaes
Nzxy-[zx][zy}

: 2 2 Gvl)
flx? Cx)°] e Er%) |

=
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where N = Total Sample (studentsl
where X = sum of the first half (marks} .
¥ = sum of the second half {marks}
| EX? = Sum of the squares of £irst half (marks)
EY? = Sum of the squares g:;f second hal€ {marks)

r = correlation coefficient,

Relizbility aﬁmr n - ?zzinber of quual portions
. . n which the test was

divided,
In case of split half technicque n=2

Relisbality =riicy

The reliability of the three tests in the total sample

is az showm in the Table 5.4,

Reli=bility of various tests in the total sample

Tests Total Sample ~ Relisbility

Entry Level Test 107 © 04410
Terminal Level Test 107 0.647

Theory Test 107 : 0.902
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The Bntry Level Test included those test-items
which reflect those basic skills which a-student is
expectad to master by the time he or she has cor@léted
class XI chemistry pract:{.cal cours@e This tegt also
included some chemisgtry laboratory skills of class IX
and X chemistry practical course which are elementary
but are often repeated in higher class experiments,
This may be the reason for slightly low value of relia-
bility in case of Entry Level Test. ‘

The Terminal Level Test included those test ltems
which reflect those baslc skills which a student is
expected to master by the time he or she completes the
practical chemistry course of class XII+ Most of the
test items are of a similar nature as Entry Level Test
but the difficulty level is a little higher. This test
was administered a few weeks before the sctual practical
examination of the Board (CBSE)®,  The material and other
woperation was avallsble and therefore the response hasg

been discriminating and therefore a good rellabllity value.s

The Theory Test (Pandit) contained those testitems which
were related to the theory knowledge. A student acqulres
knowledge about these test items during the study of
chemlstry theory In classes XI and XII. DMost of the

x (CBSE) stands for @entral Board of Secondary Education.



students take more interest in theory thaen the practicals
and when the test was administered they were very well
prepared as they had to appear in the class XII examination
of the Central Board of Secondary Education, New Delhi.
That might be the reason for a very high. relisbility value
of the theory test (Pandit).

Item Analysis (Difficulty & Discriminating Values )

In a total sample of 107 students, 29 top and 29
bottom achievers were identified (27% of the sample) and
thelr responses to different test ltems were analysed,
The dlfficulty and discriminating valuesg of wvarious test

items of various tests were calculated by usings

Psychometeric Research and Service chart showing
the Davig Difficulty and discriminating Indices for ltem
analysis and instructions for its use by A. Edwin Harper (Jr)
S.P.Sangal and B, Das Gupta published by psychometeric
Regearch & Service Unit, Research and Training School,
Indien Statistical Instituts Calcutte-35 (INDIA). The
difficulty and discriminating values of Entry Level Test
are given in the Table 5.5
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Difficulty & Discriminating Values of Varlous Test Items

of Entry Level Test

8. Test Item pH‘ p:* Discriminating Difificulty
No« Nos Index Index
01 01 91 82 10 .5
02 02 91 63 25 65
03 03 91 49 35 61
04 04 100 100 100 0
05 05 100 72 40 75
06 06 97 - 86 20 82
07 07 95 72 25 72
03 08 100 86 30 82
09 09 91 86 10 75
10 10 100 58 50 69
11 11 95 86 15 ' 82
12 12 10 03 10 18
13 13 86 25 25 61
14 14 82 82 05 69
15 15 54 17 25 . 42
16 16 03 . =10 -10 18+
17 17 36 36 05 42

x Py is the percent of correct answers pby high achlevers
(upper 27% of the total sample).

] PL is the percent of correct answers by low achievers

“> (Lower 27% of the total sample).
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Twenty five \test-items of the Entry Level test had
appropriate* udiscr:!.minatory and difficulty indlces and they
need no explanation to be included in the final version of
.Entry Level Teste ‘

Seventeen of the test ltemg could be graded as low
on dlscrimination and difficulty indices. They have been
included in the Entry Level Test because these ‘tes‘o-items
meagure some of tl':e basic chemistry laboratory skills for which
a student has to depend on zome of hls senses namely,oolour,
odour.\ size and shape etce. In human beings these senses
are not asg perfect aé in the case of many sgpecies of the
ax}imal world because of may reasons. Some o:é the people
who have these sense perfect may not be using them properlye.
The using of these senses properly is iiself a bilg laboratory
skill.

The discriminating Index of test ltem No.l iz zero
wheih 1s considered low, yet it has been included in the
fipmal version of Entry Level Test because not only colour
recognition is important, but alss the recognition of
shades of oolourge This is an elementary skill of all

sclences.

% A test item having a discriminating index and difficulty
index as 25 is called a proper test ltem.

»
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The difficulty Index of test item No4 is zero which
gives a clue that the kest item is a very difficult one
and 13 also highly discriminating. It has been included ‘
in the final t;ersion of Entry lLevel Test beéause bending
a glags tube is a very daifficult tsks and since cvery studeﬁt
can not do it therefore highly diseriminating task., The
student should be disc:;im&nating enough to select the
right quality of the glass tubing, select the proper zone
of the flame for heating, catching, and bending lth’e tube -
properly, {pose and angle) allowing it to cool pgoperly.
The skill of bending a glass tube is of basic importance
to g student of chemlstry at all stages of academic career
and therefore has been included in the final version of
the Entry Level Tests

The discriminating Index of test item No.6 is 20 which
éhows that the item is not suffieciently discriminating,
Setting up of a wash bottie;‘ a student of chemigtry starts
doing from class IX. Most of the students are able to
set up the wash bottle and therefore thte?i::em is not suffie
clently digcriminating. The particular task involves the
selecting of the apparatus; fitting up the various pleces in
a sequence, testing the air tightness and function of the
wash bottles Keeping in view the number of skill:; involved
the fest item has been retained in the final version of

Entry level Test, Fitting up a wash bottle is like fitting
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up a machine, unless a student had earlier experience he gets
confused., The material and visual instruction from the
picture are not enough, What matters is the practice

{quickness and dexterity with which he does it).

The discriminating Index of test item No.9 is 10 which
shows that the test item is not discriminating, Most of
the students gt class XII are able to read the volume of
coloured solutionse In reading the volume of coloured
solutions. One has to take the ypper meniscus and also
to read the volume at 90® angle. The test item has been
fetained in the £inal version of the Entry Lavel Test
because reading volume of coloured solutions is an important
chemistry lsboratory skill.

The discr:!.minatiné index of test item No, 11 is 15 vhich
shows that the test item is not sufficiently discriminating.
Most of the students at cJ,asg XII ave able to locate a round
bottomed £lask in a similar éet of glass agpparatus, The
student will be able to locate if he is sufficlently aware
of the shape of the round bottom flask and its utility.

Some of the students may even get confused since there are
various typgs of flasks i,e, round bottom flask, measuring
£lask, titration £lask, distillatlion £lask etc, That may be
one of the reasong for low discrimination value.s The item
has been retained in the final version of Entry level test
mainly because the recé:gnition of this type of apparatus with
a wide variety of name sakes is a very important chemistry

1 aslhnradnre akd 113
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The discriminating and difficulty Indices of test item
‘No.12 are 10 & 18 respectively which shows that the test
item is not sufficiently ‘t.iis;::rin.ﬁj.na{:iqg and also at the
same‘ time very difficult, “ Most of the students of class
'XII are able to xﬁeasure the distances but very few of
them do accurately. In measuring distasnces the scale of
measurement should be accurate, it should be used properly,
the obsarvation should be noted and recoxrded properily,
the proper units of measurement, should a¥so be: recorded.
The test item has~besn solely retained in the final version
of Entryﬂm'vel Test because measuring distahces is.a -

fundamental skill for a student of science,

é ‘I‘hé discrimiﬁating :t.ndex ofé tegst item No.14 is 05
which shows that the item is not very discriminating. Most
of the students are able to perform the volumeteric titra-.
£ions but many of them do not perform it -ac\:‘:urately;» The
performing of voluemeteric titrations includes selecting '
the known and unknown solutions. Rinsing the apparatus,
taking these solutions is the burette and the tit;:ation
£lask, selecting and adding the indicator in proper pro=
portions,titrating the known solution against the unknown
solution slowly and grédually in stages and £inding the end
poinf: by change of colour or formation of a precipitate
and £inally calculating the results, The whole task is a
complex one, consisting of a cluster of chemistry laboratory
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skills of varying nature and difficulty. It 1is for this
reason that the test item has been included in the final

version of Entry Level Testy

The discriminating and difficulty indices of test item
No.16 are = 10 & 18+ which shows that the(item is not at
all discriminating and slsoc not very difficult., Most of
the students are not aware sbout i‘ihe quality and brand of
chemicals. They are all the time working with the chemicals
of whatsoever variety they are provided at this stage. They
presume that whatsoaver chemicals are pmvided to them mast
be the right type of chemicals and they need not bother
about its quality and condition. In fact most of the Indlan
" University students prepear the sclutions at the postgraduate
stage and become £amiliar with various quality of chenicals
at this stage only. With the change in mphasis on. originality
in practical work a student should be aware sbout the quality
of chemicals: The results of a chemical experiment will
ultimately depend on the quality of chemicals, apart from
the quality of glassware/apparatus and human factors. In
view of this thinking the item has been retained in the final
version of Entry Level Test.

Tosk

The discriminating index of Jitem No.17 is 05 vhich clearly
shows that the item is not discriminating. The students
at 1%3 stage are able to £ind the boiling point of a solu=-
+ion but are not aware of the physical phenomena undergoing
at the time. This is due to the lack of coordination
Mopetesn +he nractical lsboratorv skill and theortical know=
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ledge. Many students are not aware which particular
phenomena should be recognised as boiling, Thytiets:a
has been retained in the £inal version of Entry Level
Tast because determination of boilding point of a
solution 13 a very important chemiat;:y lsboratory skill

in all &isciplinés of science and also in dally life,

test
The discriminating and difficulty Indices of/Item

No,18 are 01 & 18+ which shows that the test item is
not even margionally discriminating and also very diffie
cult. The students st this stage are sble to £ind the

‘ melting point of a particular ’solid or are familiar
with the procedure but fuany £all to find it correctly
and accurately because of the lack of knowlédge of clear
indications of melting point. The melting point 1s the
average of temperatures at which it starts melting and
completely melts, Usuallf students take the ¥emperature
at which solid starts melting as the melting point. The
test item has been retained in the final version of Entry
Level Test because skill of finding melting point of a
solid substance, is vary important chemistry laboratory
skill for a student of class XII.

The discriminating and difficulty Indices of test
item Ro,24 are 10 & 18+ which shows that the test item is
not discriminating and not very difficult also, Students
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at this stage are able to caslculate the molarity of a
soluticn from the amount of substance dissolved per litre
but some are not able to calculate it correctly. In cal=
culatikg the molarity of a solution a student should be
sble to calculate the molecular weight of a substance and
also should know the amount of substance dissolved per
litre, and then calculate the molarity with the help of a
formula'.. The test item has been retained in the final
varsion of Entry Level Test because caleculating the molarity
‘of a solution is an important chemistry laboratory skill,

of
The discriminating and difficulty indices/test item

N0.29 are 05 & -68 vhich shows that the item is not very
discriminating and at the same times very difficult. The
students at this stage are able to write the correct answer,
but the distractors are not sharp enough which makes it less
discriminating and moxre Aifficult., The item has been retained
in the final version of Entry Level Test because identifie
cation of correct indications of a particular chemical change
is a very important chemistry laboratory s}d.n. Unless and

" untill one is not able to 1dent:1fy the correct indicationa

of a chemical change one can not dec:ide whether the change
hag started taking place or not.

The discriminating index of test item No.35 is 20 vhich
shows that the test item iz not discriminating enough. The
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students are by and large able to test the absence of
hydrogen sulphide from the salt solution though not thoroue
ghly. Perpeatual presence of hydrogen sulphide apparatus
in a chemistry lsboratory contimnates almost every chemical
gsubstance in a chemical laboratory particularly solutions.
In the schools the heating devices and testing techniques are
not good enough to remove the hydrogen sulphide completely
and alsotest its absence from the solution thoroughly.

The item has been retained in the final wversion of Entry
Level Test because testing of hydrogen sulphide in a salt
solution is a very important chemistry laboratory skill

at all stages in the 1life of a chemist,

The discriminating index of test item No.37 is 10 which
shows that the test item is not discriminating enough. ’J.‘h;z
students are sble to remove the alkalnity of a salt solution
but not cémpleelé.’" The removal of alkalinity has to be nor=
malls.r tested with the help of a pH paper.:t The exactness
of the outm is not there and probably that.' :l‘s the g:ggon
for test item not being discriminating enough, The/item
has been retaix:xed in the final version of Entry Level Test
bacause removing of alkalimity from a solution is an important

chemistry laboratory skill, ’

The discriminating Index of test item No,39 is QS which
shows that the test item is not disecriminating enough. The



350

students are able to perform the charcoal cavity test
but are not able to observe the colour of the residue
correctly. The charcoal cavity test includez the mixing
up of chemicals and then placing them in the cavity of a
charcoal block. Then blowing the f£lame on the cavity and
observing the colour of the resldue, The operations are
many Sut easys All students perform the kest and enjoy
doinq it and therefore not discz:i.minating; The,?:!e.z;n has
beén' reggicgggein the final version of Entry" Level Test
solely/charcoal cavity test is not only a usual test

but a corifirmatczy test sufficiently reliable, In a single

task a number of skills are involved.

" The discriminating Index of test item HNo.40 is 15
which sﬁows that the test item ‘13 not discriminating encugh.
The students are able to perform the borax bead test but
usually the observation of colour is faulty. Idike charcoal
cavity test, borax bead test 1s also a confimatory test,and
highly relisble. The single task involves a number of skills
i.es taking a pinch of salt, mixing borax with it and then
heating the mixture in reduced flame and f£inally observing
the colour of the bead, and drawing inference on the basis
of the colour of the bead, All students enjoy performing
thils test and get the bead of desired colour and is there=

test
fore not discriminating enough. The Atem has been retained
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in the final version of Entry level fest because of its
vital importance in the salt analysis in particular and
chemistry practicalk in general,

The discriminating index ofItem No.42 is 20 which
shows that thc? item is not discriminating enough. . The
students are not by and large aware of the indications of
shift in equilibrium of a chemical change, Students are
not generally aware that by changing the conditions in a
chemical system it reéults in the change of colour or
formation of precipité.te and these are the indications of
change in a chemical Bquilibriums Most of the students
ara not able to do this experiment but some talented
students enjoy and agppreciate doing this experiment. The
item has been retained in the final version of Entry level
Test because the skill of finding the shift in chemical
Equilibrium of a chemical system consists of a mmxhér
of sgkills whic}; “are very important €for a student of chemistry.

Table 5.6

Discriminating & Difficulty Indices of warious test items
of Terminal Level Test.

S.NO. Test Item No. FH 1l Discriminasting Difficulty

o index Index
01 01 95 86 15 82

02 02 "7 82 05 -69
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52
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25
100
100
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1o
25
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20
35

25
15
35
25
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35
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-82
55
52

-co
00
00
65
82

65
61
82
75
65
39
55
31
354
39
52
e
52
45
45
45
58



28 28 63 13 35 42
29 29 82 31 35 55
30 30 7 26 35 50
31 31 68 01 40 354
32 32 82 08 55 45
a3 33 g2 22 40 52
34 s o1 45 © 35 61
35 35 o1 36 45 58
36 36 54 08 40 39
37 37 4 3 05 42
38 38 86 08 60 48
. 39 3 68 45 15 52
40 a0 g2 08 55 45
41 41 59 ~034 35 35+

Twenty seven test items 0? the Terminal level
Test have appropriate discrimingtory and difficulty Indices
'.I'i-xéy~ need no explanation to be included in the final version of:f
Terminal Level Test, ?hirteen of the test items which
are graded as low on discrimination and difficulty Indices
have been included in the f£inal version of the Terminal
Level Test because these testeitems measure socme of the
basic chemistry laboratory skills for which a student has
to depand on some of hié senses namely colour, odour,

size, shape, Human beings have camaged these senses and



are not as perfect as in the case of many speciea of’

the animal world, 'Some of the people who havé thege senses
, perfect may not know their proper use. The use of these
senses properly is itself a big laboratozy skill.

The test items No.l has discrimination Index‘ as 15
and is not discriminating enough, yet it has been included
in the final version of Terminal Level Test because colour
recognition is a very ;tgtpott:ant chemistry laboratory skill
for a student of class XII all his life. The reason for
not being digcriminating encugh can be many, defect in
senses of observation, difficulty in recognition of almost
identical colours and thelr shades.

The discriminatory and difficulty Indices of test
itam No.2 are 05 & «69 which indicates that the test item
12 not discriminating enouch and is also very difficult
one, Most of the étudéni;s at this stage are able to report
thelédour. of the gas. cori‘ect:ly and is therefore not much
discl:riminating. The odour recognition is a very complex
Iaiaoraf:ozjr skill because of many factors, The gas whose
odoui' has to be recognised must not be poisonous, injuriocus
or irritating, The test item has been included in the
£inal version of Terminal Level Test “ber ause’ =& gdour
recognition though usual .ts also a very important chemistry
lzboratory gkill for a student all his life,



369

The discriminating and difficulty indices of test
i1tem No.3 are 10 & =82 which shows that the test item
is not discriminating enough and is also very difficult,
Most of the students at this stage are able to identify
by preliminary examination a particular metal correctly
and is not therefore Alscriminating enough. Metal
recognition is also a very complex chemistry laboratory -
gkill as in the recognition of metal one has to take into
account many of the physical and chemical properties of
+the metal Ll.e. colour, density, ductility, kallesbility,
reaction with water, aclds, alkalies etc, It is only after
many such tests that one can identify a particular metal,
The test item has been retzined in the final version of
Terminal Level Test because metal recognitiou/i:r; important
lsboratory skill in all sciences,

The discriminating and difficulty Indices of test
item No, 07 & are 100 and 00 which reveals that the test
item is highly discriminating and also very difficult, 2an
apparatus ¢an not be ass@mbled only by seelng a pilcture,
Fitting up an spparatus is like fitting up of a simple
machine, ' A machine can be opened and fitted up by hit &
trial method though not correctly at the first instance,
Assembling apparatus is a very difficult task. Inspite of
the fact that a student may be aware of the sequence of
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assembly, but more important is the gkill, quickness and
the dexterity with which he assemblés .the apparatus from
the diagram. . Keeping in view the fact that assesnblﬁrfx‘g

an .gpparatus is-a very lmportant chemistry laboratory
skill, it has been retained in the final version of Terminal
Level 'I.'est.

~Thetaiscrim:}.nating and difficulty Indices of test
item No,08 are 100 and 00. The values clearly show that the
test ftem is highly discrimiﬁating and also very difficult,
The Assembling of apparatus is a very difficult task,
Inspite of the fact that a student may ba;aw'are of the
sequence of the asaembly, but what is more important is the
skill, swiftness and ﬁexterity with vhich he assemblas the
apparatus from tha written 5nstnxctions. Flting up of an
apparatus is a very diﬁficult task, it mquirea planningy
{how to £it up various parts). Caution (tc £it up parts
slowly and carefully), veriilcation{whether the assembly
is proper, lezk proof and as per the requiremenﬁs)u Assemb-
ling apparatus is a vexy important chemistry laboratory
skill for a student all h:i.s .'L:Lfe and has therefore been
retaineﬂ :l.n tha final version of '.L’eminal Ievel Test,
Discriminating Index o;ﬁ/ J‘:Iiseixsn Hol.10 is 05 which indicates
that the test item is not discrlminating enough. The task

of reading the volmne of coloured and eolourless solutions

in a hnrette is a usuai!. task though it involves very important
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skills, I® case of colourless{ exc.;ept mércx;ry) solutions,
the lower meniscus has to be taken into account and in
case of coloured solutions including colourless mercury
the upper meniscus has to be taken into account for
reading the wolumes A student at this tage must be able
to read the volume of cclourless & coloured solutions in
a bm:atte. Inspite of the fact that the}f:;a is not

\ discriminating anough it has baen :!.ncluded in the f£inal

version of Terminal l’.evel Test, because every student

| should know when to take R upper meniscus and lower

" meniscus for the reading the ml;nnes of a solution.

The discriminating snd difficulty Indices of test
item No.il are'20 & «65 which clearly shows that the tost
item 18 not discriminsting enough and at the same time is
a very difficult one. Finding out ﬁlzi:xether a particular
solution is acidic or alkaline with the hglp of a pH
~ paper is a usual tésk in chamis‘cry laboratory at this stagy,
t‘here‘f,ore it is not discriminating enough. All the students
are not able to do it properly. The skills trivolved are
;‘:he selection of the pH gapaz‘y Immersing it in the golution
-{acid/aikali)‘@ drying it up =nd then comparing the colour
of the pH( paper with the standard pH colour chart, to £ind
{frcm the pH value) whether * particular solution is acidic
or alkaline,
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The discriminating Index of test item No,14 is 05
which clearly shows that the test item is not discr:}.minating
enough. Volumeteric titration is usually performed by
x;xosi: students at this stage, The task involves the prepaw
ration of —standard,sc‘lution. selection of tﬁe proper indie
catcrgg’*_ihé'i—ﬁ;g the burette and pipette and adjusting the
volung, ‘l'aking the unknowm solution in the titration flask,
adding the right quantity of indicator to 3.1;, titrating the
unlmcwn so}.utian w:!.th the known solut:.on slowly and gradue
ally and@ fs.nding the end point with the help of colour ‘
change or formation of a precipitaﬁe, ' Finding the (Nommality/
Molarity) of the unknown sclution with the help of Normality
or Molsrity BEquation: Then computing the value of smount
dissolved per litre of the unknown solﬁkioﬁ; percentage
purity of the unknown solution, or water molecules attached
to the crystel of the mﬂchom substance etCs ng ﬁew of
the facts that this test item is composed, of SO many skills
and its :meortan@in +he chemistry practicals, the test
irem has been ratainea in the final version of Teminal
Level Tested

The aiscriminating indext of test item No :t.5‘i's 10 to
which cleaxrly shows that tha{";‘.izsr:: is not discriminating
enoughe Selection of the most sppropriate measuring vessel
is usually done by most students, therefore is not discriminatly

enough, The test item involves the selection of the best
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~

possible measuring vessel among many alternatives for

the smooth and accurate chemical operations.: The quicke
ness and‘ the pifec;lsion are important factors ix; mgasuﬁng
the volume;s., The test item has been retained in the final
version of Terminal Ievel Test because selection of proper
measuring vessel is an important chemistry laboratory skill
for a student of chemist;’y all his 1ife, | |

‘ The ﬁscriminating indax of test item No. 17 is 15
which clearly shows that the test item is not discriminating
enough, Difference hetween Molar solution and standard
solution is vrithin the comprehension range of students at:
th:!.s stage Malar solution is related to molecular weight
while stanaard solution is relateﬁ to equivalent weight.

The test item has been solely retained in the final veraion
of Terminal Level Test because with the introduction of
molarity in the voltmxeteric analysis, a stuaent should be
sble to c‘tiffermtiate betwean a molar and a standard solution
and also find the relat!.on between a molar solution and a

standard solution in case of varlious solutiena.s

The discriminating index of test item No.l18 i? fgem
which is slightly lower than average 25, The test/_ is not
therefore sufficiently discriminating., Tehe calcule?.tion of the
amount of a chemical substance to be dissolved in a litre
is siz;zpleg Once a student is aware of the equivalent weight

of a chemical substance be can calculate the amount of a
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chemical substancde in a few minutes, The test iten has
been solely retained in the £inal version of Terminal
Level Test because for the preparation of a standard
golution one should necessarily be asble to calculate the
amount of chemical substance d:.ssialved’.

-The discriminating index of test item No.22 i3 15 which
clearly shows that the test item 1s not discriminating enough.
The operations of cleaning glassware are known o most of
the students and are therefo ré not discriminating enougha
The test item has been retained in the final version of
Téminal Level Test mainly because the sequence of cleaning
glass apparatus is an important chemistry laboratory skill.
The operation involves cleaniné with(cold/hot) water,
sodiun carbonate or chromlic acld in this sequence, A
student should know why is it necessary t clean a glass
vessel in a certain seguence, Ordlnary airt can be removed
by washing it with (cold/hot) watex, Greasy particles can
be removed by washing it with sodium carbonate. Particles
pemanently sticking to- th%vessel can be removed by chromic
acid washas l

The diseriminating index of tesk item Noa37 is 05 which
clearly shows that the test ltamn is not dsdrmiuaﬁng
enough. Removing alkalinity of a solutlon is within the
comprehension range of a student of class XII, the student
should be able to asses.s the extent of alkalinity in the
solution with the help of a Hi paper and should be able

t0 select and sssaemes
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add nmper chemicals to remove as.kalinity. A student
removes the alkalinity oﬁ solutions go meny times and

is therefore not discriminating. The test item has been
retained in the £inal wversion of the Terminal level Test
because removing alkalinity {s an important chemistry labow
mt!axy skill ai'." permanent immortaonee,

The aiaaﬂmaﬁ.ng index of t:esi:‘ita;i Rc;39' is 15 which

, claarly shows that the tegt Leem is not aiscriminatien
enoughs Patfor.mmg £lmmo test of aalﬁs ig ausual teat in
salt analysis and is therefore nok dimx:&minat{!mg encughe
Plape test inwolves cleaning the tip of the platimm wire
by 'ac.i.ds. taking a little amcunt of salt on the tip of the
platinum wire, putting the platinum tip in the proper zone
of the fléme; cbgerving the ecolour of the flame by naked
eye or thro;.xgh coloured élaases.; Every student enjoys
doing this expeviment and observing the colour in the £lame,.
The test item has been retained in the f£inal version of
Texminal x:EVBl Test because flame test inve!.vea S0 many
skilla which are very important in a chemlstry lsboratory and
ia aiso a confimatory test for salt analyeise

. Zable 5.7

Discrimmating & DLfficulty Indlces of various test iftems of

- Theory,  test - {Pandi. ' andit)
N : s

W' ~Test Team Non, T : "B,! DIGCEIHINGEIng DLETicUIty
AT . ndex Indes :

ol * "o .91 . =15 65 80+
. &
62 ‘o2 1740 .03 40 31
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45+
-18
39
58
42
55
52
45
05
52
42
45
45

-

35 test items of the theory test have appropriate

discriminatory and difficulty Indices. These test item

need no explanation to be included in the f£inal version

of Theory test (Pandit).

Pive of the rest items which

are graded as low on discrimation and diffliculty indices

have been included in the final version of Theory Test

XPandit X mainly because these test items measure some

of the basic understanding of chemistry theory concepts
at this stage.
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The discriminating and dAifficulty indices
of test item No. 10 are -10 & 18+ which clearly shows
that the Hest item is not at all discriminating and
is also dj.ﬁficult:.‘ Most of the students are familiar
with the concept of hydroge;: bond and therefore not
discriminatiag enough and at the same time is a very
difficult concept, because it acts in different ways in.
difficerent types of compounds., The test item has been
included in the £inal version of Theory Test (Pandit)
because hydrogen b;md is found in most of the organic
and a good number of inorganic compounds, .

The discriminating and difficulty Indices of test
item R9$22 are 100 én& 00. The test item is highly dige
criminating and at the same time very difficult. since
the group chaz:actéristics of Periodic Tablé are vitally
iinportant for a atudew: of chaemistry, good students
remember them on the finger tips while carecless students
conf;zse. the characteristics of one group with the other,
Theref‘ora‘ the test item is highly discriminating and at
the same time very difficult. | Every group has sc many
characteristics and " :!.s so difficult to remember facts
and figures. Apar!: from facts and figures there are so
many generalizations and patterns that it is Gifficult to

remember even that.,. Many =2 times g student confuses the
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order, i.e. whether the melding points etéa, are increasing
or decreasing. The test item has been included in the
£inal 'éersion of Theory Test ‘(Pandit) because unless.

a étuaant' is awéée‘aé the group characteristics of the
periodic tahla he can not make any headway in the knowledge
of chemﬁ.stzy :

\

..The aiscriminating and &ifﬁculty 1ndices of test
item No.24 are 100 and 00. The test item is highly dis-
criminating and at the Sane ti.me very d:!.fficult. 'I‘he ‘
identification of catalyst 1n a chemical raaction :!.s
diff:!.cult, therefore highly discriminaung. ' A student should
know the reaction mechanism of a chemical process. He
should be sble to idenﬁfyfrom the partial chemical .
Kfquétiézié vhether a particular chemical substance is taking
part in the chemical process or just acting as a catalyst
‘(to speed up m:,"'sloi\r down the chemical process).  Most.
of 'thé ‘students are not sble to identify a catalyst from
partial chemical equations. Therefore the test item is
highly «dﬂ.scriminating, The gest ltem has been included
in the final version of ‘Theory Test (Pandit) mainly because
everyv atﬁdent should be asware of mechanism and the purpose
of a catalyst and also the identification of a catalyst
in a cheinical equatien?
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- The discriminating and difficulty Indices of
testﬁ@m NO.29 are 05 and «18 which clearly shows that
'theﬁa\fsem is. not discriminating enough and at the same
time very difficult. Recognising t.ype of bond in a
‘particular chemical compound is a very difficult concept .
Tﬁe‘ bond formation in a compound is a result of électron
transfer or electron sharing ete, A student is sble €5
xrecogn.j!.:se the type of bond in a chemical compound £rom
the structural formuléa itself. On this account the
. récognij:ign" of the type of bond is easy and therefore not
diserimingting enough. The test item has been retaine&
in the.final version of Theory Test {Eamﬁt) mainly besause
recognising the type of a bond in a chmical eompoma/
molecule is an importani: chexmstxy theory concept for a

Chenist throughout h.!.s academic ufe.

The discriminating afxd difficulty Indices of
test ltem No.36 are =05 & 05 umich éle}ar],;y shows that the
. test itén is not discriminating at all and at the~ same
+time véry difficult, <Co=valent characi:ér though w‘i'.thin
the kncwledge of the mogt oOf students 1s also diffﬂ.qult
conceptm Some of the characterstics of cavalant charac{:er
of compounds are high nmelting a;zd boilding points, coloured
subs£apces. sharp colour, noqmpblar pature, non-eléctrolytic
nature «e‘md non=gsoluble nature in watéf ete, and thérefore

not discriminating enough. The test item has been mainly
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retained in the final version of Theory Test (Pandit)
because most of the physical and chemical properties of
organic compounds, are due to covalent character of
compounds and therefore very important for a student of
chenistry all his life,

Marking Scheme for the Varlous tests and other
factors

&We shall describe here how different test items
were rated (marks allotted) and the reasons for that rating.
The rating has beon made on the basis of rising hierarchy
of skllls of each test item and the number of skills
involved in that test item. The exact detalls of zll the
test items of the Entry Level Test and Termiml Level Test
are given in this chapter earlier. Criteria for allotting
the marks to f£actors of socloe=economic status and out of

school actlivities have also been made in this chapter.

(a) Marking Scheme for Entry Level Test 3

The entry level test consists of 42 test items
divided into two parts. The part-A of the tegt consists
of 14 manipulative test-items (seven of them are tasks
with multiple cholice answers and seven of them are tasks
to be performed and or results to be recorded). The part-B
of the test consi,sts of zslmultiple cholce test items.

The skills of the test have been divided into 8 broad
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categories and 34 subecategories. 8 test items hgvé been
alloted 1=1/2 mark each because in these test items they

have to make simple observations. {These test items

are no. i, 2, 3, 9, 11, 15, 16, 19). The skills involved

in these test-items are colour recognition, odour recognition,
size discrimination, wvolume reading, apparatus recognition,
selection of proper glass tubling, selection of proper
chemicals, selecting proper position of the cork for boring.

Nineteen tesgt-items have been allotted 2 marks each .
because in these test items they have to make measurements,
draw inferences from the given data, and make calculations
{These test item Nos. are 12, 17, 18,20, 21, 22, 23, 27,
28, 29, 30, 31, 34, 35, 36, 37, 38, 39 & 40), The
test items are meant to measure distance, finding indications
of boiling point, finding indications of melting point,
selecting proper assembly of apparatus, choosing correct
indicator, calculating the amount of substance required,
identifying the characteristics of a gas, identifying
indications of a chemical che;nge, identifying a solution
with the help of colour change, identifying an electrulytic
solution, analysing an individual radical, boiling off
hydrogen sulphide gas fram a solution, Removing acidity
from a soclution, Removing alkalnity from a solution,

vity test,
performing £lame test, performing charcoal ca-

performing borase bead test.
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Four test ltems have been allotted 21/2 marks
2ach bacouse these test-itans involve tasks vhere messurements
have to be made by comparison, ealculations £rom data,
aeclection of proper graph from the given data (These test '
iten Nos, are 13, 24, 25 éx 26). »11 these test items inwlve-
eomplex skills Measuremcent of pil of 'a solution with the
help of a pH paper, calculating molarity from the cuoust
dissolved in a soluticn, calemlating the molarity of an
unkaown solution £rom the molarity of a knoun solution with
the help of molarity equation, finding the mrz'ect groph
ralated to a particular dztae

Four tegteltems have been allotted 3 marks each
because certain very complex laboratory operations have
to be conducted, {manipulative nature) or some thinking
operations have to be done (cognitive nature) {Tho test
item Nose are 4, 5, 32 & 33). They are bending of a glass
tube, drilling a cork, preparing original selt solution,
analysing a particular group in gualitative analysis.
In a3ll these manipulative & cognitdve ltems more than one
operations are invoived in casch case {(all these operations
involve a cluster ofskills}). )

Seven tegt-itcms have been alloted 4 marks esch
beczuse gome highly complex operations have tc be performed
(manipulztive nature}. Or some very complex thinking
operations have to be dene (cognitive nature). (These test
items nos. are 6, 7, 8, 10, 14, 41 & 42), They are £itting
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up 3 wash bottle, verifying the assembled apparatus;
ident;ifying a leak in an assembled gpparatus, weighing a
substance in a chemical balanee, performing volumeteric
titrations. Finding the strongest acid and the strongest
alkali, finding the shift in chemical Equilibrium of a
chemic¢al sygtem.

Table 5.8

Bre up score for variouﬁ test items
S,No. - Description of Test Iltem ~Scora/  No.oF Total
: . ) . ditem .. Ttem Score
I. Simple obsewatian/ ' 1-1/2 8 68x1-1/2 = 12.00
operation _
2 Manipulation C .2 0 19 19x2 = 38,00
III.- Complex opéeration . 2=1/2 4 4x2-1/2 = 10,00
IVve Complex‘manipu&ation/- 3 4 4x3 ' = 12.00
' operation
A Very complex manipulation/ 4 7 x4 = 26,00
' operation '

Totals =100.,00

*

(8) - Marking Scheme ~ Terminal ILevel Test

The’ Terminal Level Test consists of 41 test items,
The part~A of the test.consists of 14 manipulative teste
items {nine of them are tasks with multiple choice answers,
and f£ive are tasks to be performmed or results to be
recorded). The part-B of the test consists of 27 multiple
choice psper pencil test-items. .The laboratory skills of
the entire test have been divided into eight broad
categories and 41 sub-categories.
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Six test-items have been allotted 1-1/2 mark each,
because in theseé testeitems they have to mzke simple
observations/selections. '(These test items Nos, are' 1, 2, 3
15, 16 & 19). The test-items relate to colour recognition,
odour recognition, metal ¥ecognitlon, selecting asppropriate
measuring vessel, selecting suitadble solvent, and selecting

most appropriate chemicalsa. '

Thirteen test-items have been allotted 2 marks each
because in these test-itans they have to use the skill of
diacrimination hetween thmgs, make calmlatiuns, select* |
the right characteristics of a phenomena, select the rigb*-
sequence in a laboratoxy operation (The test-item nos, are
4. 5, 6, 17, 18, 20, 21, 22, 23, 24, 25, 36 & 37). The teste
items relate to comparison of crystal size, comparison of - -
shapes, comparison of textures, discrimination of Molar and
Normal solutions, calculating correct amount of chemical,
ihdications of a saturation point, fominé an emulsion,

" cleaning lzboratory glassware, characterstics of a il:ciling’
point, chéraci:e:isi:ics of a melting point, correct sequence
of coagulating powar, removing acidity of a solution,
removing ,gzlkaﬁnity 9;8 a golution,

Twelve test-items have been allotted 2-1/2 marks
each because in these test«items they had to use the skill
of plotting/interpreting (graph/data}, preparing (sodium
exi:z‘act/c‘;iginal salt solution/neutral solut:i.oﬁ); perform
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group test, suppressing the ionisation, boiling off hydrogen
sulphide, performing (flame test/charcoal cavity test/
borax bead test) (These item nos. are 26, 27, 28, 29, 30,

31, 32, 35, 38, 39, 40 & 41).

Five test items have been allotted 3 marks each
(These item nes. a;re 9, 11, 13, 33 & 34). They relate to
identifying an apparatus, identifying an acid/alkali,
mgasurir;g‘the length of 'glass tublng, performing individual
test for a cation, perfomiﬁg ‘a confiﬁnatory test for a |
cation. In most of the test items students have to make
observations and then comparisons. 1In some of the teste
items they have to think about mors than one test, make

El

' observations and comparisons,

Five test items have been allottéd 4 marks, each
(These test items are‘nos. 7. 8, 10, 12 & 14), The test-
items rela'té to assembling of appar;atus from pictures,
assembling of apparatus from written instructions, reading
volume, ‘c,nf (colourless/colourea) solutions, éetemining the
welight of an object and performing tﬁe volumeteric titrations.
In most of the test~items students have to 1;1a}ce the
observ'atiox"x and then (implement/interpret) these cbservations in
a seguence as in the fom c;f assembling apparatus, operating

equipment and then finalising the task.



383

.
£

’:"/“”' Table 5.9

Break of up score for various test items of Terminal Level Test

BoNoe  Description of the score/ No.of ﬁot%
tegt item item  item © Seo
I,  Simple observation/ ‘1e1l/2 6 6xi=1/2 = ‘9,00
operation .

Ii. Manipulation 2 13 13x2.0 =.264,00

ITI. Complex Operation | 2e1/2 12 12x2-1/2 = 30,00
IV. " S rgg%gfpg}énipulationf 3 5 5x3 = 1§.00

Ve Very complex manipula= 4 5 5x4 = 20,00

: tion/operation ‘ L

TOTAL =100,00 -

L

{¢) Marking Scheme = Theow ‘I‘esi: {_P_ it)

The theorxy test consisted of forty test items. All
of them were of multiple choice having four altematives

each. Seven test items related to chemical bonding, five

‘.. test items related to organic structures (functional groups).

£ive test ltems related to periodic classification of
elements (characteristics of the gmups). four test items
related to chema.cal structures (molecular. jonic ete,)

three test ‘itans%x;elate@ to analytical chemistry,

two test itemsWgsw related to e]igctronic structures, two
test items ‘related to nuclér chemistiy, one test item »

each related to Ismerism,\ ‘combustion, organic analysis,

chemical kinetics (catalysis), Arhenious theory, oxidation,
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states of matter, chemistry in Industry & Bio-chemistry.

All these test items were of equal difficulty level, -

Table 5.10

Break up of Score for various tést ‘iAte'ni_g

SelNo,  .Description Score . Iltem Total -score
' item No.
I, Multiple choice . 2=1/2 40 = 40x2-1/2 = 100,00
test item . :
TOTAL = 100,00
D) Marking Scheme = Socio Economic Status

The Socio economic status of students has been
decided on the basis of five criteria i.e. (1) Fathér's
profession, (ii) Mother®s Profesazion, (iii) Family income
monthly, (iv) Father's educatlon, {v) Mother's education.

Sixty five marks have been alloted to these five criteria

as followss-

Table 5.11

[

Categorywise break-up of marks to determine’
socio economic status are as following

SelO« Dgscriptipn Y Minimum Marks < Maximum Marks
1. Pather's profession 6 is5
2. Mother's profession 6 15
3. Pamily Income (Monthly) 4 15
4. Father's educatim 4 10
5. Mother's educaticn 4 10
, - =7 =€
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This eriteria has been arrived atfter studying a’

number of soclo-economic status scales and consulting

psychologists, educatlionists, and research workers in the

field. Some of the socloweconomic status scales studied

z

for the purpose weres

1.

2., °

3." ’

4.

5.

Rupuswamy socilo-BEconamic Status Scale (urban)
published by ®Mansayan® 32, Hetaji Subhash Marg,

. Delni=G,

Soclomeconomie status by S.NeRao, published by ‘\

Rupa Psychological Centre, Be13/160 B, Daoc. ’",‘ v,
Deorisbir, Bhelupura Varanasiw-221001 (U.P).
Socio-Economic status scale qﬁg’stionnaire by S.L.Jalota,
Re.N.Pandey, S.D.Kspoor, & R.i\‘..Singh published by

the }gsycho-éeﬁtrem Tw22, Green Park, New Delhi~18.
Socio-Ecqncmic‘ scale questionnaire (urban) by |
SeD.Kapoor, M.C.Kochar pupnshea‘by The Psycho

Ceni_:re, Tw=22, ‘Grelzen Park, Hew Delhi-lé. |
Socio-Economic Scale questionnaire (urban) by S.Jalota,
R.N.Pandey S.D.Kapoor & R.N. 5ingh published by the
Pgycho-Centre, T-22, Green Park, New Delhi-;lﬁf

Most of these socio-economic status scales were unsuited

for this study because the monthly family income ranges of these

scales are too low and the professiariél and educational status .

of the sample of this study does not match with the criterion
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mentioned in these socioe~economic scales. fhe sample
of students on whom this study was cohducte#wgte highly
urbanised. Tasking these factors into view these
socio-éconqmic scales were thought not relevant and

a new socio-eccnomic scale was. arrived. at.

The criteria for father®s/mother's profession is
’ as underi~
Table 5,12

Criteria categorywise for Father®s/M other's profession

/

4

Category Deseription Marks allcted

I. ~ Specialist ’ . 15

1I. ﬁ‘ Professional 12

iII. Se:ni~1?rofessional ' - 10

IV, ‘ Technj.?ian ,

Vs Skilled worker

vI. Semi skilled worker/clérical/sh@
owner/farm owner/others 6

The criteria for the family income (monthly) is

~a glven W—Q‘LQW% .
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Table 533

Criteria Categorywise for family income (Monthly)

Cateéoxy Description Marks alloted
I.  Above Rs. 5,000/ 12
II.  Rs. .4,000/= to Rs, 5,000/~ 12
1II RS. 3,000/~ to RS, 4,000/= 16
IV RSe 2,000/« to Rs. 3,000/= 8
v RSe 1,500/~ t0 Rss  2,000/- 6
VI Rs, 1,000/= ¢0 Rs, 1,500/~ 4

The criteriaz for Pathers/Motherz Education is
-as unders~ N

Table 5,14 k
Criterla categorywise for Pather's/Mother's education

Category Description Marks alloted
£. Post graduate professional/degrec/

MaSCep PhD
Iix ércfessicnél degree/M.8c./ M2, LLB/

M.2A.,B.Ed. 8
III  M.A./M.Com 7
Iv B.Sc./Diploma Engineering/BA,LLB/BA, 6

B.Eﬁ‘ -

3

v B.A./B.Com/Language Honours "5

.....
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The criteria for sociomcconomic stai;us is judged
by adding the individual scores of ezch ééﬁdent {Father's
profeséion {a), ‘Mother's i?rofession(B),, Family Income
(Monthly) (¢}, Father's Educational qualifications{@), =nd
Motﬁer's Educational qaaiificai:io_ns (8), The total score
is arrived at by aa&igg {a+B+C4D+E). The category of
socio economic si:at:ﬁs to a stgaez;@: is alloted as per the

H f

ranges glven belows:

! A ’
e s .

RN ”(”‘.X
. Table 8/15-5e 030

Criteria for Socio-sconomlic status cstegoryy
o , )‘ 7

&

SeNo.  Range of scores(ABiCHME)  Category

1. apqveé.ov ’ Y
26 34 - 40 | ‘ ‘ iI

3. -3 | IIT

4, 21-26 v

5. 12 =20 oy

6. Below 14 - Vi

(E)}  Marking Scheme « OQut of School Activitiesg

The position of each student im hobbies (ordinary

and'scientific). involvement in scientific activities,
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involvement in work experience/vocational job is

judged on the basls of criteria given belowy

Tsble 5,16
Criteria for judging the position. of each student
on Hobbies/Scientific activities/vocational Education/
Work experience/Vocational job, .

SeNo, .  Description ,‘ . 'Marks alloted

. .1. . . Hobby ( ordinaryh . ', ' 1 per activity.
24 - - Hobby { Scientific) . ..+ 2 per activity.
3. Sclentific activity, . 1 per activity

4. Work experience/?ocaticnal job 2 marks.
" Total = 20 Marks

Ordinary hobbles include, réaditg, travelling, stamp
collection ete, ‘séientific hobbiés' inclﬁde photography,
Electric gadetry, reading science: maga‘zifges,.y" i{isiting
Science “ivmsétmy’s'cience Eiﬁzibitions/listening' popular
‘ Science lecture/watching science programmes on the television/

l:l.steni.ng sclence progranmes on the radio,

Scientific activity includes orionthology, electronic
repalrs, radio repalrs, flying, making project in a science
crﬂbm
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Work experience/vocational job includes soap
making, prepearing electronic instruments, weajing.
paramedical jobs, dyeing and colour printing, blhding
. woodwork, willow work, Weaving, Ink making, shampoo
making etce

There is a provision of six hobbies in the biow
data forms The scientific Activities included in the
.blomdata form are tgatching educational televison, listening
to school educational broadcasts, reading science magazines,
Involvement in science club, visitéd/participated Ain

exhibition

sclence museum, listening popular science lecture, watching
popular science television programme, listening popular

sclence radio programmes,

The criteria for judging the category of each
student in Hobbies/scientific activitles/work experience/

vocational job is as under 3

Table 5,17
Categories of gstudents in out of school scﬁ.exitific

_activities,
SeHo, Desgcription e ' Category
“1e Above 18 marks | I
2% 15 « 18 Marks - - R « 8
3. 11 -« 114 Marks IIx

4. . 9 a 10 Harks v
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5. 7‘8 Harks
6. Below 7 marks vi

<

The idea to develop a marking scheme for the out
of school activities and grade each atmient in one of
the six categories is to know how laboratory skills are
influenced by out of schéol activities (Hobbies{Ordinary/
scientific), scientific activities and work Experience/
Vocational Job,

The idea is also to know if they at all mzke any
significant contribution to the development of the lzbo~
ratory skills, In all criteria, professional/educational,
out of school activitles, ones with sclentific background
have been given higher welghtage.

b2 224 3414



