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Abstract - This study is a pilot study to examine and verify the items of a digital games-featured instrument that encourages critical 
thinking skills using the Rasch model. A total of 36 students who participated in an educational programme of a local university 
were selected to answer an instrument containing 30 items based on the six constructs of critical thinking by Facione (1990), 
interpretation, analysis, evaluation, inference, description, and self-discipline. The Rasch measurement model with the help of 
Winsteps version 3.72.3 software was used to check for the functionality of the items based on reliability and separation of the items 
and the respondents, polarity and suitability items were used to measure the constructs and level of difficulty of the items and the 
respondents in order to determine the validity and reliability of this instrument. A total of 25 items have met the key assumptions 
of the Rasch model which were suitable for measuring the six constructs of critical thinking. The instrument is found to have a 
reliability index and high isolation index. Thus, this study provides a significant contribution to the testing requirements of the 
digital games-featured items analysis that encourages critical thinking skills by using the Rasch model. 
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I. INTRODUCTION 
 
The implementation process of educational 

transformation requires new approaches and strategies so 
that every student can have and master the skills required in 
the 21st century. The Ministry of Education (MOE) in the 
Malaysian Education Blueprint (2013-2025) focuses on six 
aspirations of knowledge, thinking skills, leadership skills, 
bilingual proficiency, ethics and spirituality, and national 
identity of each student in facing the challenges of 
globalization, in line with the principles of the National 
Education Philosophy. The results of Malaysia's 
achievements in international tests, the TIMSS (Trends in 
Mathematics and Science Study) and PISA (Programmed for 
International Student Assessment) in 2009 were very 
disappointing as Malaysia was ranked the third lowest in the 
world. PISA assesses higher order thinking skills (HOTS) 
and the ability of students to solve problems in the 
environment. 

The formation of critical thinking skills should be 
emphasized in the process of teaching and learning (T&L) in 
the classroom. This is because the delivery process of T&L 
focuses more on the content than the formation of critical 
thinking among students [1] [2]. Moreover, it has become a 
tradition of classroom teaching to simply transfer 
information from a source of instruction to students and 
somewhat focuses less on critical thinking skills [3] [4]. This 
creates an atmosphere and an environment where students 
are passive and do not show interest in learning. This 
situation needs to be changed by creating an environment 

that can attract and retain the focus of the students during the 
process of T&L in addition to nourishing critical thinking 
skills. 

With the availability of computers and interactive 
Internet support elements such as digital games, makes T&L 
more effective and enjoyable with the features of critical 
thinking skills aspect. The study [5] finds that the playing 
while learning approach can improve cognitive ability, desire 
to explore to satisfy curiosity, gross and fine motor skills, 
innovative skills, critical and creative thinking, and can help 
overcome feelings of anxiety and distress. Play and learn 
infused with technological developments creates an 
environmental culture among students. The development of 
digital media including digital games is an entertainment-
oriented learning with interactive environment which is 
effective in motivating players to apply the creative and 
critical thinking skills on the game [6]. It is a chance to make 
the most out of the existing opportunity. 

To ensure that the selection of T&L strategies really 
gives the expected impression, the first challenge is to collect 
the initial data about the characteristics of digital games that 
have to be taken into account in order to encourage critical 
thinking skills, thus the researchers have developed a 
questionnaire to obtain the initial data. However, to ensure 
that the developed questionnaire has good validity and 
reliability, a pilot study has been conducted. According to 
[7], the validity and reliability of an instrument is very 
important to maintain the accuracy of a questionnaire which 
is prone to defects. Validity and reliability of a measuring 
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instrument or instruments can be determined by various 
methods, one of which is by using the Rasch model. 

The Rasch model was founded by George Rasch in 1960. 
The Rasch model is a model of Item Response Theory model 
(Item Response Theory) that is commonly used [8]. Through 
this approach, a deeper inspection can be made on each item 
rather than just referring to the Cronbach's Alpha value 
alone. 

 
II. BASIC PRINCIPLES RASCH MEASUREMENT MODEL 
 
Normally, in order to determine the validity and 

reliability of an instrument is by seeing through the 
Cronbach's Alpha value as a whole. However, by using the 
Rasch measurement model, more accurate and detailed 
measurements are able to be produced based on the 
relationship between the items and the ability of the 
respondents [9]. Rasch Measurement Model has some 
diagnoses to test and examine the validity and reliability of 
an instrument, namely; (a) examine the reliability and index 
sorting items and the respondent, (b) identify polarity items 
to measure constructs, (c) examine the appropriateness of the 
items (item fit),(d) determine the level of difficulty of the 
items and the ability of the respondents, (e) determine 
learning based on the correlation of the standardized residual, 
(f) detect the differences in the items function (differential 
item functioning- DIF), (g) determine the functional structure 
of the category scale measurement and (h) identify 
unidimensionality constructs. 

However, the analysis of this study only used four 
diagnoses which were done to complement the requirements 
needed to examine the validity and reliability of the 
instruments of inspection to the functional items in the 
aspects of (a) reliability and separation of items and the 
respondents, (b) detecting polarity items that measure 
constructs based on the PTMEA CORR, (c) the 
appropriateness (items fit) items measure the construct, and 
(d) determining the level of difficulty of the items and the 
ability of the respondents. 

The objective of this study is to determine the validity of 
a digital games-featured instrument that encourages critical 
thinking skills by using the Rasch model analysis. In 
particular, the objectives of this study are: 

1. Reliability testing and sorting items and 
respondents; 

2. Polarity test items (polarity items); 
3. Suitability test items (items fit). 
4. Determine the level of difficulty of the items and the 

ability of the respondents 
 
 

III. METHODOLOGY 
 
This pilot study used a quantitative approach by 

distributing an instrument of survey to the respondents. The 
samples involved in this pilot study were 36 students who 
participated in an educational programme at a public higher 
learning institution in Malaysia. The number of respondents 

in the pilot study was sufficient as according to [10], the 
number of respondents who fit in a pilot study should be 
between 25 to 100 people. While [11] suggest a minimum 
number of 30 people for a pilot study in which the purpose is 
to carry out an advanced research or development scale. The 
results of this pilot study were analysed using the Winsteps 
Version 3.72.3 software with the Rasch measurement model 
approach. The questionnaire contained 30 items on a five-
point Likert scale which was developed and produced from a 
modified questionnaire of the previous researches [12] and 
[13] based on literature researches. This questionnaire 
measures six key constructs of critical thinking by [14] 
which consists of interpretation (7 items), analysis (3 items), 
evaluation (5 items), inference (5 items), description (4 
items), and self-discipline (6 items) as shown in Table I. 

 
TABLE I. DESCRIPTION AND EXAMPLES OF CRITICAL THINKING 

SKILLS CONSTRUCTS BY [14]. 
 

Constructs Description Example questions 

Interpretation
the interpretation of how 

to understand and 
expressing meaning 

Digital game should be able to 
respond immediately 

Analysis 
identify opinions and 
relationship validity 

Digital game should have a 
combination of ideas from 

various perspectives in order to 
achieve in the game. 

Evaluation 
assessing or evaluating 

the credibility of the 
statement 

Digital game should be able to 
challenge me to make the right 

decision in the game 

Inferen 
identify and determine 

the elements required to 
support conclusions 

Digital game should provide an 
opportunity for me to do the 

process of strict consideration 
before a decision start made. 

Description explain the results 
I will endeavour to find the cause 
of the failure in the digital game.

self-
discipline 

Cognitive activities 
consciously and 

controlled 

Digital game help I always tried 
and continue to try to resolve any 

problems to come. 
 

IV. FINDINGS AND DISCUSSION  

 

Through the approach of the Rasch measurement model, 
the researchers examined the functional items in the aspects 
of (a) reliability and separation of the items and respondents, 
(b) detecting polarity items that measure constructs based on 
PTMEA CORR, (c) items suitability (items fit) measuring 
the constructs, and (d) determining the level of difficulty of 
the items and the ability of the respondents. Explanations of 
each inspection of the functional items are as follows. 

A. Reliability and Separation Item 

 

The acceptable value of Cronbach's Alpha (α) for 
reliability is between 0.71 - 0.99 where it is at its best (71% - 
99%) as described in Table II. 
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TABLE II. INTERPRETATION OF THE CRONBACH-ALPHA [15] 
Cronbach-Alpha Reliability 

0.90 – 1.0 Very good (a high level of consistency) 
0.70 – 0.89 Good and acceptable 
0.6 – 0.69 Admissible 
0.5 – 0.59 Items need to be repaired 
Less 0.49 Items should be dropped 

 

The results of the pilot study found that the reliability 
value as based on the Cronbach Alpha (α) is 0.94. This 
indicates that the instrument is in very good condition and 
effective with high level of consistency, therefore can be 
used in the actual study. 

An analysis was also performed on the instrument as a 
whole, namely the reliability and separation of the item and 
respondents. As shown in Table 3, the reliability of item is 
0.49 while the reliability of respondents is 0.93. This shows 
that the level of consistency in the respondent's answer is 
very good but the quality of the instrument is weak and 
needs to be repaired. 

 
TABLE III. RELIABILITY AND SEPARATION OF THE ITEMS AND 

THE RESPONDENT 

 Reliability Separation 

Items 0.49 0.99 

Respondent 0.93 3.64 

 

The isolation value of the item is 0.99 and rounded off to 
1 level of approval. This item shows the isolation index is 
within the level of weakness [16]. While the isolation of 
respondents can be broken down into 4 stages (3.64), the 
ability of the respondents and this value is very good because 
according to [15], the index of isolation is better if the value 
is more than 2.0. 

 
B. Polarity Item by PTMEA CORR Value 

 
Point Measure Correlation (PTMEA CORR) is used to 

detect the polarity item. Its purpose is to determine the extent 
to which the built construct achieve its goals. If the value 
contained in PTMEA CORR is positive (+), it indicates that 
the item measures the construct to be measured [16]. 
However, if the value is negative (-) then the item does not 
measure the construct to be measured.  

Therefore it needs to be repaired or dropped because 
there is no answer to the question or is difficult to be 
immediately recognized by the respondents. According to 
TABLE IV, there is no item with a negative value in 
PTMEA CORR which indicates that the items can measure 
the constructs to be measured [16].Based on the findings of 
this analysis, items with positive values move in one 
direction by building and were able to measure constructs 
and do not conflict with the constructs being measured. 
According to [16], a high value of PTMEA CORR indicates 
that the item can differentiate between the ability of the 
respondents. 

 

TABLE IV. POINT VALUE MEASURES CORRELATION (PTMEA 
CORR) 

Entry 
Number

Point 
Measure 

Corr. 

Items Entry 
Number 

Point 
Measure 

Corr. 

Items 

24 0.52 HU4 16 0.73 INF1 
11 0.55 PN1 25 0.64 HU5 
28 0.50 DD3 26 0.43 DD1 
3 0.55 INT3 29 0.80 DD4 
19 0.81 INT4 6 0.62 INT6 
27 0.76 DD2 2 0.66 INT2 
1 0.63 INT1 7 0.70 INT7 
13 0.58 PN3 15 0.57 PN5 
17 0.76 INF2 20 0.59 INF5 
18 0.64 INF3 23 0.67 HU3 
22 0.52 HU2 12 0.71 PN2 
4 0.27 INT4 21 0.65 HU1 
9 0.41 AN2 14 0.61 PN4 
30 0.69 DD5 10 0.78 AN3 
8 0.64 AN1 5 0.68 INT5 

 
C. Item Based On Measuring Construct 

 
The conformity of an item is measured by constructs can 

be viewed through infit and outfit Mean Square (MNSQ). 
According to [16], the outfit MNSQ and infit MNSQ should 
be in the range of 0.6 - 1.4 to make sure that the item is 
suitable for measuring these constructs.  

 
TABLE V. ITEMS FIT BASED ON MNSQ VALUE 

Entry 
Number

Infit Outfit 
Items 

MNSQ ZSTD MNSQ ZSTD 
4 2.54 4.5 2.71 4.9 INT4 
24 1.58 2.1 1.73 2.5 HU4 
9 1.66 2.3 1.67 2.4 AN2 
6 1.47 1.8 1.50 1.9 INT6 
28 1.22 0.9 1.39 1.5 DD3 
8 1.33 1.3 1.38 1.5 AN1 
3 1.28 1.1 1.36 1.4 INT3 
20 1.15 0.7 1.09 0.5 INF5 
13 1.05 0.3 1.13 0.6 PN3 
5 1.11 0.6 1.07 0.4 INT5 
22 1.04 0.2 1.07 0.4 HU2 
11 1.06 0.3 1.06 0.3 PN1 
26 1.04 0.3 1.01 0.1 DD1 
10 0.98 0.0 0.96 - 0.1 AN3 
14 0.92 - 0.3 0.91 - 0.3 PN4 
1 0.86 - 0.5 0.87 - 0.4 INT1 
7 0.82 - 0.7 0.82 - 0.7 INT7 
30 0.81 - 0.7 0.80 - 0.8 DD5 
25 0.78 - 0.9 0.77 - 0.9 HU5 
18 0.78 - 0.9 0.75 - 1.0 INF3 
23 0.77 - 1.0 0.74 - 1.1 HU3 
21 0.76 - 1.0 0.76 - 1.0 HU1 
15 0.75 - 1.1 0.75 - 1.0 PN5 
2 0.71 - 1.3 0.69 - 1.4 INT2 
17 0.70 - 1.3 0.69 - 1.3 INF2 
12 0.67 - 1.5 0.68 - 1.4 PN2 
27 0.63 - 1.6 0.61 - 1.8 DD2 
29 0.62 - 1.7 0.61 - 1.8 DD4 
16 0.57 - 2.0 0.56 - 2.1 INF1 
19 0.27 - 4.2 0.26 - 4.3 INF4 
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This is because the higher values indicate that 1.4 logit 
item is not homogeneous with other items in the 
measurement scale, while less than 0.6 logit shows an 
overlap with other items and can be easily anticipated by the 
respondents [15].  

However, the outfit MNSQ index noteworthy advance 
over infit MNSQ for determining the equivalence items that 
measure a construct or latent variable. Besides that, the outfit 
ZSTD and infit ZSTD should also be in the range of -2 to 2 
[16]. But if the outfit and infit MNSQ are received, the index 
ZSTD can be ignored [16]. If this condition is not met, the 
item may be considered to be dropped or improved. TABLE 
V below shows the misfit order featuring four items with the 
largest MNSQ, namely NT4 (2.71), HUA4 (1.73), AN2 
(1.67), and INT6 (1.50); and 2 items of the smallest value of 
MNSQ, namely NF1 (0.56) and INF4 (0.26) as based from 
the results of the statistical analysis. Five of these items 
should be dropped and improved for the purpose of this 
study. 

D. Difficulty Level of Items and Ability of Respondents 

Figure 1 clearly shows the hierarchy of individual’s 
ability and the difficulty of items in a straight line. The 
findings discovered that all of the items were scattered and 
pointing towards the diversity of respondents. Respondents 
with high competence are ranked above the scale, while 
respondents with low competence are ranked below the 
scale. Item that is difficult to be agreed upon is item HU4 
(1.73 logit). 

The easiest item to be agreed upon is item INT5 (1.07 
logit) on a lower scale. An item can be answered by 
respondents with high level of competence, while other 
items can easily be answered by respondents with low level 
of competence [15]. Figure 1 also shows respondents that 
demonstrated high and very low level of competence. 

 
Fig.  1.  Items map for construct critical thinking skills 

 
 

V. DISCUSSION 
 
Normally, the Cronbach Alpha reliability coefficient is 

referred to determine the reliability of the items in a 
questionnaire. The reliability of the measurement model is 
based on the True Score Theory Test (TSTT) or known as 
the classic model. The Rasch Measurement Model was 
founded by [17] which can be used to specify the validity 
and reliability of the items in a research instrument. The 
Rasch measurement model can help measure the latent trait 
for empirical data and not only refers to the percentage/high 
score but can also build up a size scale as a scientific 
measurement. The Rasch measurement model is a model that 
was formed as a result of the measurement that considered 
the ability of each candidate or respondent answering the 
questionnaires, tests, or instruments and the difficulty of each 
test item or items [17]. Based on the results of the pilot study 
questionnaire analysis of digital games against critical 
thinking skills found that the reliability value as based on the 
Cronbach Alpha (α) was 0.94, which indicates high level of 
consistency that is to be used in the actual study [18], [7], 
[19]. 

After the data had been analyzed, each single item was 
examined to make sure that they were in accordance with the 
standard index and condition that must be followed in order 
to achieve the validity and reliability standard of instruments 
based on the Rasch measurement model. Removal and 
improvement of the items were made and the expert views 
and assessments have been taken into account. Based on the 
findings of the pilot study conducted, there are six items that 
do not conform to the requirements laid down by the analysis 
and need to be removed or improved. An overview of the 
related items is shown in TABLE V in which at least six 
items are not within the specified range and should be 
removed or improved; the outfit MNSQ that exceed the 
value of 1.40 are NT4 (2.71), HU4 (1.73), AN2 (1.67), and 
INT6 (1.50). Meanwhile, the value less than 0.6 are NF1 
(0.56) and INF4 (0.26). Therefore, from this diagnosis 5 
items have been dropped and one item has been repaired by 
the researchers and experts. 

 
TABLE VI. SUMMARY OF MISFIT ITEMS THAT DROPPED AND 

MAINTAINED BASED ON ANALYSIS OF PTMEA CORR, INFIT AND 
OUTFIT 

Constructs 
misfit 
items

Infit outfit PTMEA 
Total 
items 

Fix/drop 
items 

Items 
remain

Interpretation
INT4 2.54 2.71 0.43 

7 2 5 
INT6 1.47 1.50 0.62 

Analysis AN2 1.66 1.67 0.54 3 1 2 
Evaluation - - - - 5 - 5 

Inference 
INF1 0.57 0.56 0.76 

5 2 3 
INF4 0.27 0.26 0.86 

Description HU4 1.58 1.73 0.62 4 1 3 
Self-

discipline 
- - - - 6 - 6 
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VI. CONCLUSION 
 
The Rasch model was used for statistical analysis of this 

study. The results of the reliability index analysis recorded 
show high level of respondents even though the reliability 
index of the item was below weak level which needs to be 
refined and improved to increase the validity and reliability 
of the instruments index. Thus, it can be concluded that 
validity and reliability are very important aspects to consider 
in developing a new instrument for a study. Item researchers 
and developers need to be concerned about the reliability and 
validity of the item constructs so that the instrument can 
measure fairly and has varying levels of difficulty. 
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