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The present research study proposes to analyse multiple-choice items for the development of assessment tools for measuring 
conceptual learning in science. Initial pool of items were reviewed in a Focused Group Discussion (FGD) with a national level 
expert group and 44 items were eliminated out of 691 pool of items. Rest 647 items were again reviewed in a Focus Group 
Discussion (FGD) with state level experts for contextual and language intervention. As a result 30 items of total 647 items were 
modified. The finalised 647 items were subjected to field try out. The quantitative data were obtained by administration of total 
647 items among 516 students from Grades 6, 7 and 8 theme-wise separately. Data obtained were subjected to individual 
item analysis in which both students' answers and test questions were examined in order to assess the quality and quantity of 
the items and the test as a whole. Test items were assessed and screened on the basis of values of difficulty indices (Di) and 
discrimination power (Dp). Total 203 items were finalised for tools for assessing learner's attainment in science (TALS). Test 
validity was assessed applying Cronbach alpha separately to all tests. Statistical analysis was done using SPSS version 24 
(IBM free software trial version). The tool has been developed for the first time for assessing learners’ attainment in science 
for conceptual understanding among learners of tribal areas of Chhattisgarh. The tool will be utilised for baseline study for 
measurement of learning gaps and designing the interventions for improvement in learning and teaching of science. 
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Introduction

Science education is a part of mainstream 
education till secondary stage. After primary 
education learners are exposed to science 
as a separate discipline at the elementary 
stage in the present curriculum (NCERT, 
2017). The present curriculum aims to achieve 
minimum scientific literacy for every citizen 
of India in general, that is required for leading 
life in a meaningful manner free from myth 
and taboos  (NCERT, 2018). Quality teaching 

and learning  specifically in science is crucial 
for developing scientific literacy in the young 
generation and also for improving economic 
productivity for sustainable development 
(Tripathi et al, 2017). Present work is 
continuation of our earlier work on finalisation 
of the tools which were designed to find out 
the gaps in science teaching and learning 
in scheduled tribes-dominated districts of 
Chhattisgarh in which three tools including 
attitude scale for learning science, classroom 
observation schedule, school observation 
schedule were finalised (Tripathi et al, 2017).  
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However, the tool for assessing learners’ 
attainment in learning science (TALS) for 
Classes VI, VII and VIII after applying Kuder 
Richardson formula 20 (KR 20) in SPSS 
version 24 (IBM), the individual item analysis 
was suggested (Tripathi et al., 2017). Thus, to 
finalise the TALS for error-free measurement 
of conceptual understanding of science and 
to find out gaps where students find difficulty 
to build-up concepts of science, item analysis 
was applied and individual items in the tool 
were refined and finetuned. 

The tool for assessing learners’ attainment 
in learning science (TALS) for Classes VI, VII 
and VIII, consisted of a pool of multiple choice 
questions (MCQs) based on certain criteria 
including assessment of learning outcomes 
in science defined by NCERT (NCERT, 2018). 
Due to many reasons, MCQs are the best 
items suitable for developing a research tool 
(Swanson et al., 2006; 2005) for gathering the 
factual data regarding any subject specific 
knowledge. Firstly, the tools having MCQs 
take lesser time and easy for administration 
even in huge samples in large scale 
assessment (Haladyna, 2004; Haladyna and 
Rodriguez, 2013; Rodriguez, 2016). Secondly, 
they enable measurement of diversified 
knowledge, skills and competencies across 
various domains (Haladyna, 2004; Downing, 
2006; Popham, 2008) and thirdly, multiple 
choice questions are the items that are 
comparatively easier to analyse  for drawing 
conclusions (OECD, 1999), and even more 
easier with the help of technology intervention 
and software programming. The crucial 
thing of preparing tests with multiple choice 
questions is to construct good items. The 
development of multiple choice items is 
highly challenging specifically development 
of distractors (Miriam Fuhrman, 1996).

This requires a good understanding of the 
objectives of assessment, having good skills in 
writing the items and an excellent knowledge 
of the content. (Haladyna, 2004; Walsh, 2008).

Usually two approaches are being used for 
analysis of an MCQ for taking a decision 
regarding inclusion or dropping or revision 
and refinement of items to make tools for 
effective, accurate and fair assessment (Ary et 
al., 2002):

1.	 The Classical Test Theory is based 
on the item facility index derived 
by the percentage of students that 
correctly answered the item and the 
discrimination index based on the point 
between students’ performance on 
individual item and total test score.

2.	 The Item Response Theory (IRT) that 
describes both item statistics and 
student’s ability with the assumption 
of correlation between the score 
on a single item and overall test 
performance.

Present work is the continuation of our 
earlier work. The data was collected using 
the tool for assessing learners’ attainment in 
learning science (TALS) for Classes VI, VII and 
VIII (Tripathi et al., 2017). After expert opinion 
and field try out, the tool was determined 
for the internal consistency by using Kuder 
Richardson 20 formula. Since the KR-20 
values were less than 0.65, it was suggested 
to analyse individual items by applying IRT for 
their refinement and improvement (Tripathi et 
al., 2017). In the present work IRT was applied 
using difficulty index and discrimination power 
for a systematic refinement and finalisation of 
assessment tool (TALS). Data collection was 
done for the measurement of implementation 
of recommendations of National Curriculum 
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Framework (2005) in learning of science in 
selected rural schools of two scheduled tribal 
dominated districts of Chhattisgarh State of 
India. So that, the baseline status of teaching 
and learning of science in the schools of 
scheduled tribes dominated districts of 
the state Chhattisgarh may be assessed 
and the learning gaps may be identified, 
intervention may be planned and tried out and 
a framework may be developed for designing 
an in-service teacher training programme.

Methodology

Theoretical Background 

IRT have now been widely accepted and 
universally used in the educational research 
world over in the area of psychometrics and 
educational measurements (Carlson and 
von Davier, 2017). Analysis of an individual 
item using IRT is a statistical technique 
useful for assessment of items used for 
objective evaluation of students (Carlson 
and von Davier, 2017). Item analysis is used 
for selecting and rejecting the items of any 
tool on the basis of their difficulty index and 
discrimination index (Suruchi and Rama, 
2015; Lange et al., 1967). It is an important 
technique to increase the effectiveness of 
an assessment tool (Gronlund, 1998). It is a 
process which examines student’s responses 
to individual test items to assess the quality 
of these items and quality of assessment 
as a whole. Moreover, in item analysis both 
students’ answers and test questions are 
examined in order to assess the quality and 
quantity of the items and the test as a whole. 
In item analysis an item is assessed after 
its administration to a population sample 
(Remmers et al., 1967). The quality of an 

assessment tool is influenced by quality of 
individual items of that particular assessment 
tool (Shrama, 2000 and Freeman, 1962). 

IRT has now been used for assessing the 
tools consisting of MCQs in various subject 
domains. Use of IRT for validation and 
analysis of assessment tools in science 
for refinement of its Multiple Choice 
Questions have also been reported (OECD, 
2016; OECD, 1999). The assessment tool 
consisting of MCQs for assessing learning 
outcomes attained by medical students 
were analysed using IRT by Rao et al. (2016). 
A study was conducted by PhD students of 
the University of Genoa using item analyses 
to improve test items that provided valuable 
information to the middle stage teachers for 
further modification of items after analysis 
of students’ response (Siri and Freddano, 
2011). Item analysis was used for finalisation 
of tool for a students’ attainment on a test, 
recognition of the items which could not 
perform when administered in a population 
and pinpointedly provided suggestion for 
improvement for better performance of the 
tool for error free assessment of students’ 
learning outcomes (Gajjar et al. (2014); 
Vanderbilt et al. (2013).

Research Procedure

Research methodology was followed as 
depicted in Figure 1. There were nine Sets 
developed under this tool on the basis 
of three thematic groups for Classes VI, 
VII and VIII as mentioned by Tripathi et 
al., 2017. Accordingly draft tools for TALS 
were administered in selected schools 
in Raipur Chhattisgarh (Tripathi et al., 
2017). The present study focuses on the 
IRT for finalisation of draft tools. Selection 
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and elimination of items was based on 
acceptable values of Difficulty index Di and 
Discrimination power Dp of individual items.

This paper is limited to the analysis of 
individual items using IRT (Item Difficulty 
Index and Item Discrimination power), their 
modification and refinement by language 
interventions based on IRT analysis and 
finalisation of tool after the validation and 
internal consistency analysis applying 
Cronbach’s Alpha (Cronbach, 1951).

Finalisation of TALS is necessary for 
administration in the selected population of 
learners of Class VI, VII and VIII in select tribal 
dominated schools in two districts Korba 
and Kanker of Chhattisgarh, India, to find out 
the learning gaps in science and accordingly 
provide the interventions to meet out the 
objectives of the study.

Study Design

Study design opted in the research broadly 
was analytical. It was an observational design 
and a cross sectional study was carried out in 

four schools of Raipur, Chhattisgarh. Details 
of research procedure and approaches used 
are presented in Table 1

Sample and Sampling Techniques

Sample of the present study was drawn by 
using multistage sampling techniques in 
identified schools at Raipur, Chhattisgarh. 
The technique of sampling was purposive 
and Government schools at Raipur were 
chosen where the permission of piloting the 
instrument was obtained through SCERT, 
Chhattisgarh. Population of interest was 
students at middle stage. Total 516 students; 
164 from Class VI, 168 from Class VII and 172 
from Class VIII participated and filled up the 
tools for Assessing Learners Attainment in 
Science (TALS) as mentioned in Figure:2 for 
assessing attainment of learners in science 
for Classes VI, VII and VIII (TALS).

Data Analysis

The data obtained after field administration 
was entered in Microsoft Excel 2010 and 
analysed using IBM SPSS version 20. Item 

Figure 1: Illustration Showing Systematic Research Methodology Adopted  
in the Research Study for Finalisation of Tool
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Table 1: Study Design and Approach Used for Finalisation of TALS 

Research Procedure Study Design (Approach Used)

Pilot Test and Administration of 
Assessment Tools for Data Collection

Quantitative Survey Method

Analysis of Data Using Item Response Theory (IRT); Difficulty Index (Di) 
and Discrimination Power (Dp)

Selection, Modification, Elimination of 
Items and Construction of Items

Expert Opinion and Focus Group Discussion on Analysed 
Data Using IRT

Validation of Items and Internal 
Consistency of Tools

By Calculating Cronbach’s Alpha Using SPSS Version 20 

Finalisation of Tool (TALS) Expert’s Opinion and Focus Group Discussion by Analysis 
of Data and Validation of Tool Items

parameter considered for analysis were 
Difficulty index (Di) and Discrimination power 
(Dp) in the present study. Difficulty index (Di) 
and Discrimination power (Dp) for individual 
items were calculated and analysed for 
selection and elimination of items. 

Difficulty Index (Di) is percentage of students 
who have chosen the correct answer in case 
of multiple-choice questions or objective 
type item. Difficulty index of a test item is 
calculated using formula as mention below:

	 Di = HP+LP/N x 100

Fig: 2 Illustration Showing Number of Respondents and Number of Items Administered  
Class-wise and Theme-wise
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Here, HP—Total number of students chosen 
correct answer in high achieving group

	� LP—Total number of students chosen 
correct answer in low achiever group

	 N—Total number of respondents

Analysis of MCQs was carried out on 
the basis of the values obtained by arranging 
marks of all students class wise and set wise 
separately in descending order from highest to 
lowest score and categorised in three groups 
30 per cent high achievers, 40 per cent middle 
achievers and 30 per cent low achievers. 
On the basis of difficulty index, items were 
categorised as given in Table 2 and action was 
taken accordingly.

Table 2: Acceptable Values of Di for Analsis of Items

S. No. Difficulty Index (Di) Value Difficulty Status Action to be Taken

1. Less than 0.30 Difficult Modify

2. Between 0.30 to 0.40 Moderate Accept 

3. More than 0.60 Easy Modify

Discrimination Power (Dp): Discrimination 
power is capability of an individual item to 
discriminate among high and low achievers. 
It ranges from -1 to +1. If the Dp of an item 
is at the higher side, the item is more 
efficient to discriminate between high and 
low achievers. Item with lower Dp are not 
competent enough to discriminate between 
high and low achievers. Negative value of 

Dp may be interpreted as more students in 
lower group are answering correctly than 
high achieving group. Dp is calculated by 
method followed by Kelley et al. (2002) using 
following formula:

Dp = 2 x (HG – LG)/N

Here, H—Total number of Students 
chosen correct answer in high achieving 
group

�L—Total number of Students chosen 
correct answer in low achieving group

N—Total number of respondents

Field Test and Item Reduction

Selection, modification and removal of an 
item was based on the acceptable values of 
difficulty index (Di) and discrimination power 
(Kelley, 1939) of an individual item. Difficulty 
index and discrimination power (Dp) of an 
individual item was calculated statistically 
using SPSS version 20 in this study.
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Table 3: Status of Discrimination power (Dp) and action to be taken on an MCQ based on  
Discrimination power (Dp)

S. No. Discrimination Power 
(Dp) Value

Discrimination Status Action to be Taken

1. Negative value Item cannot discriminate between 
high achiever and low achiever 

Such items were dropped

2. Less than 0 to 0.24 Item cannot discriminate between 
high achievers and low achiever

Such items were accepted 
with modifications

3. Between 0.25 to 0.39 Item is efficient to discriminate 
between high and low achievers

Such items were accepted 
with little modifications

4. More than 0.40 to 1 Item is more efficient to 
discriminate between high and 

low achievers

Such items were selected as 
their original form

A rigorous analysis by the expert group 
followed by a Focus Group Discussion was held 
for emerging out experts’ opinion to emerge 
out with consensus for refinement of individual 
items. This way the items were finalised.

Test validity by Cronbach’s Alpha

All nine sets of the finalised class-wise and 
set-wise tools having selected items and 
the items recommended for modifications 
due to very low or very high difficulty index 
or due to low discrimination power between 
low and high achievers were analysed by 
applying Cronbach’s Alpha measurement 
for internal consistency (Taber, 2018, 
Cronbach, 1951).

Results and Discussion

Results of all nine of questionnaires of TALS 
have been presented after applying Item 
response theory (IRT). Difficulty indices (Di) 
and Discrimination power (Dp) have been 
considered for analysis.

Analysis of items based on Difficulty indices 
(Di) and Discrimination power (Dp)

Results of interpretation of values of difficulty 
indices (Di) and discrimination powers (Dp) for 
each of the selected items for three Sets of 
questionnaires each for Classes VI, VII and VIII 
are presented in Table 4, 5 and 6, respectively. 
The items were selected to be retained or 
for modifications based on the values of 
difficulty indices and discrimination powers 
for finalising the tool for each of the Classes 
VI, VII and VIII. 

The Table 4 reveals results of Set I, Set II and 
Set III for Class VI. In Set I, out of 46 items 
administered only 20 items were selected. 
Based on Di and Dp only 7 items were 
retained but 13 were modified keeping in view 
maintaining the ratio of easy, moderate and 
difficult items as 25:50:25 respectively. Out of 
13 items, 5 were too difficult as the Di was less 
than 0.3, while 7 items were too easy as the 
Di is more than 0.5. Two items were modified 
keeping in view the values of Di and Dp. There
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Table 4: Item Difficulty and Discrimination Power Class VI

Set I

S. 
No. Item

Item 
Discriminati-
on Power (Dp)

Difficulty 
Index 
(Di)

Item 
Selected 

(S)/

Modified (M)

S. 
No. Item

Item 
Discriminati-

on Power 
(Dp)

Difficulty 
Index 
(Di)

Item 
Selected 

(S)/

Modified 
(M)

1 item:1 0.47 0.33 S 11 item:17 0.73 0.35 S

2 Item:2 0.53 0.42 S 12 item:18 0.80 0.55 M

3 item:3 0.80 0.40 S 13 item:32 0.33 0.25 M

4 item:4 0.47 0.22 M 14 item:36 0.60 0.58 M

5 item:5 0.53 0.22 M 15 item:37 0.53 0.54 M

6 item:7 0.60 0.67 M 16 item:38 0.60 0.38 S

7 item:10 0.73 0.69 M 17 item:39 0.40 0.36 S

8 item:14 0.40 0.25 M 18 item:40 0.60 0.51 M

9 item:15 0.73 0.64 M 19 item:41 0.33 0.65 M

10 item:16 0.67 0.27 M 20 item:43 0.67 0.45 S

Set II

1 item:1 0.60 0.46 S 14 item:23 0.53 0.38 S

2 item:5 0.53 0.61 M 15 item:25 0.47 0.32 M

3 item:8 0.53 0.57 M 16 item:28 0.20 0.23 M

4 item:10 0.80 0.23 M 17 item:29 0.73 0.46 M

5 item:11 0.47 0.48 S 18 item:32 0.40 0.23 M

6 item:14 0.33 0.20 M 19 item:33 0.67 0.50 M

7 item:15 0.73 0.66 M 20 item:41 0.40 0.27 M

8 item:16 0.20 0.38 M 21 item:45 0.47 0.52 M

9 item:17 0.60 0.36 M 22 item:46 0.33 0.29 M

10 item:18 0.53 0.27 M 23 item:50 0.53 0.71 M

11 item:19 0.47 0.27 M 24 item:51 0.40 0.23 M

12 item:20 0.47 0.27 M 25 item:52 0.40 0.20 M

13 item:21 0.47 0.29 M 26 item:53 0.67 0.61 S

Set III

1 item:1 0.59 0.42 S 18 item:30 0.24 0.21 M
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2 Item:2 0.47 0.34 S 19 item:31 0.65 0.35 S

3 item:3 0.41 0.34 S 20 item:40 0.53 0.24 M

4 item:4 0.53 0.40 S 21 item:49 0.53 0.23 M

5 item:5 0.29 0.34 M 22 item:52 0.35 0.24 M

6 item:6 0.35 0.31 M 23 item:75 0.41 0.26 M

7 item:9 0.35 0.24 M 24 item:79 0.71 0.48 S

8 item:11 0.29 0.34 M 25 item:80 0.06 0.48 M

9 item:12 0.24 0.32 M 26 item:81 0.41 0.42 S

10 item:13 0.24 0.44 M 27 item:82 0.41 0.40 S

11 item:14 0.24 0.29 M 28 item:83 0.41 0.48 S

12 item:22 0.41 0.48 S 29 item:84 0.71 0.47 S

13 item:23 0.18 0.32 M 30 item:86 0.29 0.34 M

14 item:24 0.53 0.31 S 31 item:90 0.53 0.40 S

15 item:25 0.41 0.27 M 32 item:94 0.47 0.61 M

16 item:26 0.24 0.27 M 33 item:97 0.59 0.60 M

17 item:29 0.24 0.29 M 34 03 New items

were 53 items initially for piloting in Set II 
from thematic area II. Out of which 27 items 
were dropped due to very low values of Di and 
Dp. Number of items retained as it is due to 
acceptable values of both Di and Dp. Rest of 
the 22 items were modified to maintain the 
ratio of easy, moderate and difficult items to 
25:50:25, respectively based on Di and Dp 
values. A total of 97 items were administered 
among the population of Class VI students 
from thematic area III denoted by Set III. The 
interpretation of Di and Dp of 33 selected 
items are presented in Set III, Table 3. Out 
of 33 items, 13 items were retained without 
modifications, while 20 items were modified 
based on Di and Dp values. However, it was 
found that some important concepts were 
not included in these 33 items and with the 
help of expert opinion 03 more items were 
developed afresh. This way 36 items were 

finalised for inclusion in Set III of the tool for 
thematic area III for Class VI.

The Table 5 depicts the results of 
interpretation of Di and Dp after piloting 
of tool among students of Class VII. In 
Set I from thematic area 1, 44 items were 
screened for piloting after obtaining 
expert opinion. On the basis of IRT, the 
two considered parameters Di and Dp, 16 
items were modified and 4 items were 
retained in the tool for the thematic area 
1 for Class VII. In Set II for thematic area II 
for Class VII, 27 items were screened for 
administration among the population. In Set 
III, for thematic area III for Class VII, total 
95 items were administered and on the 
basis of interpretation of Di and Dp, total 64 
items were dropped. Total number of items 
retained were 8 and 23 items were modified 
on the basis of analysis of Di and Dp values.
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Table 5: Item Difficulty index (Di) and Discrimination Power (Dp) of Selected Items for Class VII

S. 
No. Item

Item 
Discriminati-

on Power 
(Dp)

Difficulty 
Index (Di)

Item 
selected 

(S)/

Modified (M)

S. 
No. Item

Item 
Discriminati-
on Power (Dp)

Difficulty 
Index (Di)

Item 
selected 

(S)/

Modified 
(M)

Set I

1 item:1 0.25 0.28 M 11 item:28 0.19 0.45 M

2 Item:2 0.81 0.47 S 12 item:29 0.44 0.31 S

3 item:8 0.75 0.50 M 13 item:33 0.25 0.28 M

4 item:9 0.69 0.52 M 14 item:34 0.69 0.26 M

5 item:11 0.19 0.67 M 15 item:35 0.38 0.28 M

6 item:18 0.31 0.59 M 16 item:37 0.50 0.22 M

7 item:19 0.19 0.31 M 17 item:40 0.38 0.38 M

8 item:20 0.56 0.59 M 18 item:42 0.38 0.40 M

9 item:21 0.38 0.48 S 19 item:43 0.81 0.55 M

10 item:25 0.44 0.26 M 20 item:44 0.69 0.48 S

Set II 

1 item:1 0.31 0.37 M 9 item:12 0.13 0.66 M

2 Item:2 0.50 0.53 M 10 item:15 0.44 0.31 S

3 item:3 0.63 0.44 S 11 item:18 0.38 0.20 M

4 item:5 0.63 0.46 S 12 item:19 0.44 0.37 S

5 item:7 0.25 0.32 M 13 item:21 0.56 0.15 M

6 item:9 0.88 0.39 S 14 item:26 0.44 0.29 M

7 item:10 0.63 0.37 S 15 item:27 0.69 0.51 M

8 item:11 0.44 0.44 S

Set III  

1 item:1 0.53 0.44 S 17 item:37 0.60 0.31 M

2 item:3 0.13 0.31 M 18 item:40 0.67 0.26 M

3 item:4 0.33 0.30 M 19 item:41 0.47 0.27 M

4 item:5 0.20 0.44 M 20 item:58 0.27 0.44 M

5 item:7 0.73 0.59 M 21 item:59 0.47 0.44 S

6 item:8 0.33 0.72 M 22 item:60 0.33 0.46 S
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7 item:9 0.60 0.61 M 23 item:61 0.53 0.43 S

8 item:10 0.53 0.67 M 24 item:62 1.0 0.44 S

9 item:24 0.20 0.30 M 25 item:64 0.47 0.30 S

10 item:26 0.20 0.24 M 26 item:67 0.27 0.31 M

11 item:29 0.53 0.35 S 27 item:69 0.27 0.22 M

12 item:31 0.13 0.33 M 28 item:70 0.20 0.26 M

13 item:32 0.33 0.43 M 29 item:89 0.27 0.52 M

14 item:34 0.60 0.30 S 30 item:90 0.33 0.54 M

15 item:35 0.60 0.20 M 31 item:95 0.13 0.44 M

16 item:36 0.60 0.30 M

Table 6: Item Difficulty index (Di) and Discrimination Power (Dp) for Selected Items for Class VIII

S. 
No. Item

Item 
Discriminat-

on Index

Difficulty 
Index

Item 
selected/

dropped/

modified

S. 
No. Item

Item 
Discriminati-

on Index

Difficulty 
Index

Item 
selected(S)/

modified 
(M)

Set I

1 item:4 0.40 0.76 M 11 item:34 0.53 0.67 M

2 item:5 0.20 0.65 M 12 item:37 0.40 0.56 M

3 Item:14 0.73 0.46 S 13 item:38 0.47 0.31 S

4 Item :15 0.80 0.57 M 14 Item:39 0.33 0.59 M

5 item:16 0.80 0.56 M 15 item:40 0.53 0.41 S

6 item:17 0.73 0.33 S 16 item:41 0.53 0.52 M

7 item:18 0.47 0.31 S 17 item:42 0.40 0.56 M

8 Item:23 0.40 0.33 S 18 item:45 0.47 0.37 S

9 item:25 0.93 0.59 M 19 item:54 0.67 0.43 S

10 item:29 0.40 0.48 S 20 item:64 0.40 0.31 M

Set II 

1 item:10 0.53 0.56 M 11 item:67 0.40 0.56 M

2 item:12 0.53 0.35 S 12 item:69 0.47 0.54 M

3 item:13 0.40 0.30 S 13 item:71 0.47 0.49 S

4 item:24 0.60 0.37 S 14 item:77 0.53 0.42 S

5 item:25 0.67 0.42 S 15 item:84 0.80 0.63 M
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6 item:36 0.47 0.46 S 16 item:93 0.67 0.54 M

7 item:37 0.53 0.37 S 17 item:94 0.47 0.53 M

8 Item: 39 0.47 0.44 S 18 item:95 0.60 0.54 M

9 item:52 0.33* 0.63 M 19 item:96 0.47 0.39 S

10 item:64 0.47 0.67 S 20 item:97 0.60 0.61* M

Set III 

1 item:1 0.65 0.34 S 9 item:41 0.41 0.31 S

2 item:12 0.35 0.46 M 10 item:70 0.35 0.31 M

3 item:13 0.53 0.46 S 11 item:81 0.65 0.33 S

4 item:14 0.41 0.48 S 12 item:85 0.47 0.39 S

5 item:15 0.59 0.41 S 13 item: 115 0.29 0.51 M

6 item:17 0.53 0.31 S 14 item: 116 0.41 0.57 M

7 item:20 0.59 0.49 S 15 item: 118 0.29 0.56 M

8 item:23 0.47 0.33 S

Comparison of screened test items on the 
basis of their Di and Dp interpretation is 
presented in Table 6 for Class VIII for three 
thematic areas as Set I, Set II and Set III. 
Set I for thematic area 1, 64 items were 
administered to a population of students of 
Class VIII. The data obtained were analysed 
on the basis of Di and Dp and total 47 items 
were dropped. Out of total 20 items, 9 items 
were retained without modifications and 11 
items were modified. Likewise, For Set II, 98 
items were administered and interpretation 
of Di and Dp suggested to select only 20 
items, out of which, 11 item to retain without 
modifications and 9 items to be modified as 
per the requirement to make them easy, 
moderate or difficult. A total of 120 items for 
Set III were administered among the students 
of Class VIII and on the basis of Di and Dp 
interpretations 10 items were selected and 5 
items were modified to be part of the tool for 
Set III of Class VIII.

Finalisation of Tools

Individual items were screened by applying IRT 
and analysis of the data based on Di and Dp. 
In this tool TALS three Sets each for Classes 
VI, VII and VIII finalised. Total number of items 
finalised for inclusion in all nine Sets class-
wise and theme-wise have shown in Table 7 
for Class VI, Set I, Set II and Set III for three 
thematic areas, total 20, 26 and 36 items were 
finalised, respectively. Likewise, for Class 
VII, Set I, Set II and Set III for three thematic 
areas, total 20, 15 and 31 items were finalised, 
respectively. For Class VIII, Set I, Set II and 
Set III for three thematic areas, total 20, 20 
and items 15 were finalised respectively. Total 
number of 82, 66 and 55 items were finalised 
in Classes VI, VII and VIII, respectively. Total 203 
items were developed and finalised theme-
wise for assessing middle stage learners. 
Five items from each of the sets of each of 
the classes were identified and added to other 
sets. For example, for Class VI Set I, 
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Table 7: Summary of Total Number of Items of Finalised Class-wise and Theme-wise

Dimension
Total 

Number 
of Items 

Number 
of Items 
Dropped

Total Number of Items 
Selected Items 

Finalised

 Items in 
Questionnaire (05 
Items Each from 

Other Sets)Retained Modified

Class 6 Set I 46 26 07 13 20 30 

Set II 53 27 04 22 26 36

Set III 97 61 13 20 and 03 
developed new 36 46

Class 7 Set I 44 24 04 16 20 30

Set II 27 12 07 08 15 25

Set III 95 64 08 23 31 41

Class 8 Set I 67 47 09 11 20 30

Set II 98 78 11 09 20 30

Set III 120 105 10 05 15 25

Total 647 444 73 127 and 03 
developed new 203 293

Set II and Set III, five items from each Set 
were identified and added to other Sets, that 
means, in Set I five items from Set II and five 
item from Set III; in Set II, five items from 
Set I and five items from Set III and in Set 
III, five items from Set I and five items from 
Set II were added and finalised the tools. 
Therefore, in finalised tool in each Set 15 
items were common for each class.

Results of Data Analysis and Finalisation of 
Items

Cronbach’s Alpha for Internal Consistency 
of Test:

Cronbach’s alpha coefficient for each 
dimension was calculated using SPSS 
version 24 (IBM) for internal consistency 
reliability analysis. Acceptable range was 

≥ 0.60 in this study according to several 
other studies (Ware et al., 1980 and Alotaibi; 
Youssef, 2013).

The data was analysed on the basis of the 
statistical properties that is difficulty index 
(Di) and discrimination power (Dp) of items 
for further modifications or for its elimination 
if not appropriate by researchers. Later, 
along with a group of experts in science and 
science education; including experts from  
national level and state level experts from 
Chhattisgarh state of India; the items in each 
tool of the instrument were finalised after 
review as per the analysis.

The present study testifies and describes 
the process and outcomes of developing an 
instrument to assess learners’ attainment 
in learning of science at middle  (IRT). The 
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instrument uses response of population 
of students at middle stage, Classes VI, 
VII and VIII for analysing the individual 
items based on the status of difficulty 
index (Di) and discrimination power (Dp) 
by Kelley’s method (1939). The study has 
important implications for development of 
appropriate tools for assessing knowledge 
and competencies in science in the learners 
of scheduled tribe dominated areas. Such 
assessment tools may help identifying 
learning gaps and provide insights for 
interventions in the teaching and learning 
process. Earlier no research efforts were 
made for development of assessment tools 
for assessment of learners’ attainment in 
subject domain of science, especially in tribal 
dominated areas. Therefore, it is crucial to 
develop an error-free and applicable tool 
that can provide an insight and a clearer 
understanding of needs in teaching learning 
process and guides content that is relevant 
for curriculum implications in future. Such 
tools may provide insights for multifaceted 
teacher education programs in science 
teaching. The outcomes of piloting the 
instrument and the analysis of individual 
items indicates that some items are easy and 
some are difficult while in case of others, 
no correct answer was obtained from any of 
the respondents. After analysing the internal 
consistency using Cronbach alfa (Cronbach, 
1951), the finalised instrument can be used 
in its current state for assessing learners 
of tribal dominated areas of Kanker and 
Korba districts of Chhattisgarh for obtaining 
learning gaps and providing interventions 
for improvement in teaching and learning 
process of science. However, more statistical 
methods may be applied for bringing more 
accurate items for meeting out the objectives 
in the instruments.

Limitations

The study provides an instrument for 
assessment of learners’ attainment in 
learning science only for learners of some 
tribal dominated districts of Chhattisgarh 
near Raipur. For other areas including tribal 
dominated areas, the instrument needs to 
be modified keeping in view other interacting 
factors, such as, language efficiencies, 
cultural inputs, contextualisation, 
environment and surroundings, existing 
curricular material and so on. Distractor 
analysis have not been carried out and it 
can be done for further modifications and 
refinement in the options of multiple choice 
items.

Authors’ Contributions

First author wrote the manuscript of the 
paper and carried out statistical analysis using 
SPSS free version 24 of IBM with the help of 
second author. Third, fourth and fifth authors 
analysed, reviewed and modified the items 
of the tools along with the first author and 
finalised the tools.

stage in schools of tribal dominated areas 
of Chhattisgarh using a mixed methods 
approach. Since literature regarding the 
development of such kinds of tools and IRT 
analysis were not available for assessing 
science learning, however, literature were 
available regarding development of such tools 
with MCQs in different subject domains and 
finalisation individual items by IRT analysis 
(Carlson and von Davier, 2017; Lange; 
Gronlund, 1993; Remmers et al., 1967; Sharma, 
2000; Freeman, 1962; OECD 2016; Siri and 
Freddano, 2011; Rao et al.. (2016); Gajjar, et al. 
(2014); Vanderbilt, et al.. (2013).
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Dimensions Number of Items Selected 
Based on Di and Dp Cronbach’s Alpha

Class VI

Set I (Thematic group I) 20 0.875

Set II (Thematic group II) 26 0.816

Set III (Thematic group III) 33 0.798

Class VII

Set I (Thematic group I) 20 0.720

Set II (Thematic group II) 15 0.607

Set III (Thematic group III) 31 0.753

Class VIII

Set I (Thematic group I) 20 0.827

Set II (Thematic group II) 20 0.837

Set III (Thematic group III) 15 0.700

Fig: 3 Finalisation of Items for TALS

Table 8: Internal Consistency of class-wise and theme-wise tools using Cronbach's Alpha

Individual
Item
Analysis
of 647
items
by
item
Response
Theory

Difficult
index (Di)

Discriminatin
power (Di)

Total 203
items finalised

Total 444
items dropped

Validity of tool by
Cronbach Alpha

Conclusion

The present study includes the process of 
developing an instrument by analysing each 
of the items applying Item Response Theory 
finalised the tools.
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