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Abstract—The lack of psychometric testing empirical evidences
among the Adversity Quotient (AQ) instrument became a major
problem in the aspect of its application. AQ measurement instrument
in the context of polytechnic students or IKBAR whom were tested
using the Rasch model is believed to be able in increasing their
validity and reliability of the items. The objective of this paper is to
identify the potential items developed in measuring polytechnic
students’ AQ. Rasch model was used to study three main assumptions
such as item fit, unidimensionality, and local independence. The
results showed that the IKBAR items have met with all the main
assumptions of Rasch model in measuring the AQ of polytechnic
students in Malaysia.

Keywords—Adversity — quotient, Rasch

instrument development.

IKBAR, model,

I. INTRODUCTION

ONE of the 18 Critical Agenda Projects (CAP) in the

National Higher Education Strategic Plan (2011-2015) is
the Polytechnic Transformation [1]. This transformation aims
to improve the highly skilled workforce from 23 to 37% by
year 2015 [2]. This shift is in line with the current educational
situation that is increasingly more challenging. It requires
manpower to be more resilient and in competitive spirit [3].
Since more than 25 years ago, National Education Philosophy
is seen only as emphasizing the dominant intelligence such as
1Q, EQ, and SQ alone. Now, it is time for Malaysia to explore
the potential intelligence in producing a student whom are able
to handle challenges and that is the Adversity
Quotient (AQ). AQ was introduced by Paul G. Stoltz in 1997
with four constructs, namely Control, Ownership, Reach, and
Endurance [4]. The idea of AQ was generated when questions
arise about how different individuals with the same 1Q have
responded in different ways to the challenges faced. As each
individual has different AQ, the development of AQ
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instrument will help identify students whom are not able to
meet the challenges so that they can be given guidance. The
main question that arises is on the inconsistencies of AQ items
in different contexts. Measurement instrument from the west
and several of countries is not suitable for use in Malaysia. In
fact, the challenges faced by each individual from various
countries, institutions, and levels of schooling are not the
same. Therefore, a total of 220 items are developed from the
combined results of 55 challenges and AQ conceptualization
which left the remaining 112 items after going through the
first pilot test. This study will focus on the actual research or
verification phase to identify the final items that best meet the
needs of Rasch model. The literature shows many previous
researchers questioning the psychometric issues due to the use
of original instruments, new instruments, and adaptation of
instruments in their studies [5]-[7]. Thus, the research gap can
be addressed through psychometric feature testing on the
development of IKBAR items through solid empirical analysis
such as the Rasch model. The Rasch model has certainly
gather the attention of many researchers within the country
and abroad to validate the item on their
instruments development [8]-[11]. This paper focuses on the
validity and reliability of measuring IKBAR through three
main assumptions of Rasch model, namely item fit,
unidimensionality, and local independence. The main idea
behind this research is to identify the weak students from the
AQ aspect to be guided by counselors and educators in order
to achieve excellent academic performance. Sometimes
students with high intellectual intelligence, high emotional,
and high spiritual do not guarantee their ability to face the
challenges in life and the environment at the
polytechnics. Thus, the endorsement of item for each AQ
construct with Rasch model is believed to be capable of
improving the quality measurement of items.

I1.RASCH MODEL

A model parameter or Rasch model is easier to apply as
compared to other models in Item Response Theory (2
parameter logistics, 3 parameter logistics, and 4 parameter
logistics) in addition to its WINSTEPS software that is user-
friendly [12]. This model only has difficulty parameter. The
difficulty parameter is b parameter and has 6 value
corresponding to the inflection point on the Item
Characteristic Curve. b is the location of the inflection point
on the @ scale which has a 0.5 probability of correct responses
on a scale of abilities. Rasch model sees the response of a
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person as a probability to make the right choice. Decision-
making process begins with an equal chance (50:50) and their
ability will help them get the final result. The individual will
decide to accept or reject the item [13]. Rasch Model
combines the algorithm that specifies the expected probability
of an item asiand individual capacity asnin the form of
mathematical equations. The mathematical formula for the
Rasch model is as follows [14]. The mathematical expression
for the Rasch model is as per equation (1).

e(anDi)

P(e) - 1_|_ e(Bn_Di)

)

Equation (1) shows the value ofeis Euler's constant
logarithmic numbers of 2.7183, B, is the students ability to
answer IKBAR item, D; is the difficulty level of IKBAR item,
and P (@) is the adversity quotient score. Therefore, the
probability of possibility of a success is B, - D;,

I1l. METHODOLOGY

The research involved a total of 1,845 students out of a total of
18,828 in five polytechnics according to zone grouping,
namely Politeknik Premier Ungku Omar (PUQ) (West Zone),
Politeknik Sultan Abdul Halim Mu’adzam Shah (POLIMAS)
(North Zone), Politeknik Sultan Haji Ahmad Shah (POLISAS)
(East Zone), Politeknik Port Dickson (PPD) (South Zone), and
Politeknik Kuching Sarawak (PKS) (Borneo Zone). The
sampling techniques used are the clustered multistage
stratified proportional sampling. The proportion value is 10%
for each strata as proposed [15]. A total of three strata were
involved, namely the type of study programme, year of study,
and gender. It is important for researchers to estimate the
suitability of the TRI model to the data being used [16]. There
are a few assumptions that must be met prior to Item Response
Theory (IRT) being used. Researchers need to analyze the
reliability and consistency of data [17], [18]. The first step is
to identify items that do not meet the requirement of Rasch
model (item fit) with MNSQ value or Zstd statistics for each
item. Analysis should also be carried out to determine whether
items are questioning two or more questions at one time (one-
dimensional). Next, other analysis can also be carried out. In
the context of this study, the three main assumptions described
are item fit, unidimensionality, and local independence.

IV. FINDING AND DISCUSSION

A.Return Rate

The return rate was around 97.52% and above the proposed
determined rate of 75% [19]. A total of 1,845 instruments
were successfully collected and filled up entirely by students
out of 1,892 instruments that were distributed.

B. Item Fit

The first assumption of Rasch model, which is item fit, will
be using the Infit — Outfit Mean Square Analysis (MNSQ) and
Outfit Z standard (Zstd) that are capable of detecting whether
the research data will show discrepancies with the Rasch
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model [16]. Fit statistics will help instrument developers to
decide the suitability of an item [20]. The findings
demonstrate the MNSQ value having recorded from 0.83
logits to 1.28 logits for all 220 items. This MNSQ value
fulfills the quality measurement by taking the setting range of
item fit in the range of 0.77 logits to 1.30 logits [21]. Zstd also
shows the importance of data. It is a statistical fit of infit mean
squared t standardized that estimates the theoretical mean and
variance distribution. Zstd value of between - 2.0 to +2.0 are
acceptable values [14]. Nonetheless, if MNSQ is received, the
Zstd may be neglected [22]. Table 1 shows several examples
of IKBAR item measurement value according to AQ
construct. The item polarity value which is early detection to
construct validity is also found to be ranging from 0.33 logits
to 0.51 logits. The polarity indicates values positive value and
exceeding 0.3 [14], [22], [23]. These values also fulfill the bi-
serial point ranging value from 0.30 logits to 0.60 logits for a
good test and prove that all items work towards a single sub
construct measurement [14]. In addition, the Standard Error
(SE) is found to be in the range of 0.04 to 0.05 for all 66
items. The SE value is important in demonstrating the
accuracy in calculation [24]. This is because most statistical
textbooks elaborate on statistical standard error of the mean
and not on the standard error of measurement [22]. This range
of error is below 0.25 is deemed as excellent [21].

C.Unidimensionality

The second assumption is that of unidimensionality, which
means items moving towards measuring only a single
construct. This unidimensionality assumption can be met with
Rasch Principal Components Analysis (PCA). If this
assumption is met, then the Item Response Theory can be used
to test the psychometric properties of an instrument. There are
four aspects studied on unidimensionality and those are the
variance explanation of a residual PCA by contrast, the level
of interference on items being measured or unexplained
variants in a contrast, the compliance rate for the minimum
ratio of 3.1 between the variance measurement, and the fourth
is the Eigen value. PCA findings showed that gross variance
as explained by measurement is 21.3% and is found to be very
close to the expected model of about 21.5%. This value meets
the instrument requirements by at least 20%, which has been
achieved in consideration of Rasch most minimal
requirements [25]. The second aspect is the level of
interference on items being measured or unexplained variants
in a contrast. The research has set the level of interference to
the value of 3 to 5% and is deemed to be very good [21]. The
level of interference on items being measured or an
unexplained variant in a contrast recorded a 3.2% and is
categorized as very good within the range of 3 to 5% [21].
Values less than 10% is evidence to the compliance on
unidimensionality [26], [27]. The third aspect is the ratio of
variance explained by measurement (21.3%) with the variance
of the first principal component (4.1%) is 5.19:1 and exceeds
the minimum ratio of 3:1 [28]. The fourth aspect is the Eigen
values, set at less than 3 to show that the second dimension
does not exist clearly [29]. The eigenvalue of 2.7 proved that
the second dimension does not exist clearly in IKBAR.
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Table 1. Examples of IKBAR Item Measurement According to AQ Construct

Entry Total Infit Ouitfit Point Measure Exact Match
Count Measure Model S.E Items
number  Score MNSQ  Zstd MNSQ Zstd Corr. Exp OBS%  EXP%
6 6092 1845 -0.15 0.04 1.03 1.0 1.02 0.4 0.44 0.42 60.8 61.9 Q6-C
1 6039 1845 -0.06 0.04 1.01 0.2 1.05 1.4 0.40 0.42 62.9 61.9 Q11-C
21 6098 1845 -0.16 0.04 0.99 0.2 0.99 0.3 0.48 0.42 63.4 61.9 Q21-C
23 6241 1845 -0.41 0.04 0.97 0.8 0.95 -1.3 0.46 0.41 64.8 62.0 Q23-C
27 5884 1845 0.19 0.04 0.95 -1.4 0.96 11 0.42 0.44 63.2 62.1 Q27-C
29 6041 1845 -0.07 0.04 0.96 1.1 0.96 1.2 0.48 0.42 62.9 61.9 Q29-0
31 6116 1845 -0.19 0.04 1.01 0.3 1.06 1.7 0.45 0.42 62.3 61.8 Q31-0
38 5878 1845 0.20 0.04 0.98 0.6 1.00 0.1 0.40 0.44 65.9 62.1 Q38-0
39 5881 1845 0.19 0.04 0.99 0.4 0.99 0.2 0.41 0.44 65.4 62.1 Q39-0
48 6004 1845 0.00 0.04 0.97 0.8 0.98 05 0.43 0.43 64.7 61.9 Q48-0
61 5997 1845 0.01 0.04 0.97 0.7 1.03 0.9 0.41 0.43 64.4 62.0 Q61-R
65 5893 1845 0.17 0.04 0.96 -1.0 0.98 05 0.44 0.44 63.7 62.0 Q65-R
77 5821 1845 0.29 0.04 1.01 0.3 1.03 0.8 0.42 0.44 63.1 62.2 Q77-R
79 5941 1845 0.10 0.04 1.01 0.3 1.02 05 0.47 0.43 64.9 62.0 Q79-R
83 5837 1845 0.26 0.04 0.99 0.4 0.98 05 0.47 0.44 63.2 62.2 Q83-R
97 6132 1845 -0.22 0.04 1.07 2.1 1.06 1.8 0.45 0.42 62.4 61.9 Q97-E
100 6303 1845 -0.53 0.04 0.97 -1.0 0.94 -1.9 0.48 0.40 65.7 62.1 Q100-E
104 6150 1845 -0.25 0.04 0.96 -1.2 0.95 -1.4 0.46 0.42 66.6 62.0 Q104-E
108 6110 1845 -0.18 0.04 0.98 0.5 1.00 0.1 0.44 0.42 63.0 61.9 Q108-E
11 5829 1845 0.27 0.04 0.94 -1.8 0.93 -1.9 0.47 0.44 64.0 62.2 Q111-E
Table 2. Standardized Residual Variance (in Eigenvalue units)
Empirical Modeled
Total raw variance in observations 83.9 100.0% 100.0%
Raw variance explained by measures 17.9 21.3% 21.5%
Raw variance explained by persons 7.3 8.7% 8.8%
Raw variance explained by items 10.5 12.6% 12.7%
Raw unexplained variance (total) 66.0 78.7% 100.0% 78.5%
Unexplained variance in 1st contrast 2.7 3.2% 4.1%
Unexplained variance in 2nd contrast 2.6 3.2% 4.0%
Unexplained variance in 3rd contrast 2.3 2.7% 3.5%
Unexplained variance in 4th contrast 1.9 2.2% 2.9%
Unexplained variance in 5th contrast 1.7 2.0% 2.6%
Table 3. Standard Correlation of Residual Values
D. Local Independence
The third assumption of the Rasch model is local Correlation e Constructs ltem Constructs
independence. An item is said to have local independence umber Number
when there is no correlation between residual items for 029 Q% Endurance o8l Endurance
possible pairing items. Correlation between unequal measure 025 Q4 Ownership Qr Reach
theoretically should be low [30]. This range meets the 0-24 Q15 Control Q1s Control
requirements of local independence, which is correlation 0.23 Q40 Ownership Q2 Reach
values less than 0.30 [31]. The findings in Table 3 show ten 0.23 Qa4 Ownership Q35 Ownership
items that have the standard correlation of residual values 022 Qu7 Endurance Qo8 Endurance
from 0.20 to 0.29. This shows that the response ability of an 021 Q72 Reach Q73 Reach
individual towards any item is not associated with the 0.21 Q28 Ownership Q35 Ownership
response of other items in the same construct [8]. There are a 0.20 Q6 Control Q8 Control
few pairing items that need to be refined and the pairs are 0.20 Q41 Ownership Q42 Ownership

(Q41 - Q74) and (Q40 - Q72) which are relatively dependent
on one another even though from different
constructs. However, the low correlation does not give any
implication on the item.
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E. Item — Person Map

Figure 1 shows the hierarchy of individual ability and item
difficulty on a straight line where item Q34 (I am able to
explain the reason as to why | am afraid to face the future) and
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Q40 (I always try to increase the total hours of study time) are
the most difficult item for respondents to agree whereas the
easiest item for respondents to agree upon is item Q15 (I am
certain there will be job opportunities anywhere). The logits
value between +0.67 to -0.90 spread fulfilling the range of
+3.00 to -3.00 is deemed good and sufficient (Andrich &
Styles, 2004; Hill & Koekemoer, 2013; Linacre, 1994).
IKBAR shows that there is no item that is able to test

EXAMINEE - MAP - item
<more>|<rare>

respondents with high AQ. The items developed can only
measure the capabilities of students with moderate and weak
AQ. The additional items on logits 0.67 until 6.38 can help so
that the items can measure students with high AQ (high
capability). Based on the Rasch model assumptions, a total of
66 IKBAR items satisfied all the main assumptions such as
item fit, unidimensionality and local independence.
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Figure 1. ltem — Person Mapping
A total of 112 items were studied in this validation phase with  F.Reliability and Separation Index

28 items (Reach construct), and 28 items (Endurance
construct). In total, 46 items were dropped through item fit
consideration, item polarity, and Differential Functionality
Item across gender. This paper analyses a total of 66 IKBAR
items of which are the best and meet the Rasch assumptions.
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(respondents). The reliability value of an persons is 0.92 and is
within the range of wvalues 0of0.91 to 0.94,and is
categorized as very good. The Cronbach’s alpha value of 0.94
is deemed excellent [21]. The individual separation index is
recorded at the value of 3.50 and is deemed as good it is over
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the value of 2 [35], [36]. Table 5 shows the statistics summary
for the items. The findings show that the items reliability
which is recorded at 0.98 is deemed to be excellent, being
more than 0.94 [21]. The item separation index recorded the
value of 7.62 and is deemed good. Item separation index
having been more than 3 as well received [36]. Overall, the
reliability index value of individuals exceeding 0.8 with the
reliability of the item exceeding 0.9 proves that the sample

taken is adequate [36]. The reliability value is also found to be
better than the recorded original AQ instruments with the
value of 0.91 [37]. The study also refers to the quality of
measurements stating that the separation index between 3 and
4 as good and more than 5 as excellent [21]. In this study,
individual separation index is good and the item separation
index as excellent.

Table 4. Statistics summary for individuals (respondents)

Infit Outfit
Raw Score Count Measure Model Error
MNSQ ZSTD MNSQ ZSTD
Mean 214.3 66.0 1.56 0.22 1.01 -0.30 1.01 -0.3
Standard Deviation 18.6 0.0 0.88 0.04 0.55 0.55 0.54 3.0
Max 263.0 66.0 6.38 1.01 4.48 4.48 4.46 9.8
Min 132.0 66.0 -1.12 0.16 0.04 0.04 0.04 9.9
Real RMSE 0.24 Adj. SD 0.85 Separation 3.50 Person Reliability 0.92
Model RMSE 0.24 Adj. SD 0.86 Separation 3.86 Person Reliability 0.94
Person Raw Score-To-Measure Correlation = .97
Cronbach Alpha (KR-20) Person Raw Score Reliability = .94
Table 5. Statistics summary for items
Infit Outfit
Raw Score Count Measure Model Error
MNSQ ZSTD MNSQ ZSTD
Mean 5993.8 1845.0 0.00 0.04 1.00 0.1 1.01 0.2
Standard Deviation 193.6 0.0 0.32 0.00 0.10 2.7 0.10 2.9
Max 6496.0 1845.0 0.67 0.05 1.27 7.1 1.28 7.2
Min 5560.0 1845.0 -0.90 0.04 0.83 5.0 0.84 -4.9
Real RMSE 0.4 Adj. SD 0.31 Separation 7.62 Person Reliability 0.98
Model RMSE 0.4 Adj. SD 0.31 Separation 7.76 Person Reliability 0.98
UMean = 0.000 UScale = 1.000
Item Raw Score-To-Measure Correlation = -1.000
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