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Abstract
	 Background:	Few	studies	have	employed	the	item	response	theory	in	examining	reliability.	
We	conducted	this	study	to	examine	the	effect	of	Rating	Scale	Categories	(RSCs)	on	the	reliability	
and	fit	statistics	of	the	Malay	Spiritual	Well-Being	Scale,	employing	the	Rasch	model.
	 Methods:	The	Malay	Spiritual	Well-Being	Scale	(SWBS)	with	the	original	six;	three	and	four	
newly	structured	RSCs	was	distributed	randomly	among	three	different	samples	of	50	participants	
each.
	 Results:	The	mean	age	of	respondents	in	the	three	samples	ranged	between	36	and	39	years	
old.	The	majority	was	female	in	all	samples,	and	Islam	was	the	most	prevalent	religion	among	the	
respondents.	The	predominating	race	was	Malay,	followed	by	Chinese	and	Indian.	The	original	six	
RSCs	 indicated	better	 targeting	of	0.99	 and	 smallest	model	 error	of	0.24.	The	 Infit	Mnsq	 (mean	
square)	and	Zstd	(Z	standard)	of	the	six	RSCs	were	“1.1”and	“-0.1”respectively.	The	six	RSCs	achieved	
the	highest	person	and	item	reliabilities	of	0.86	and	0.85	respectively.	These	reliabilities	yielded	the	
highest	person	(2.46)	and	item	(2.38)	separation	indices	compared	to	other	the	RSCs.
	 Conclusion: The	person	and	 item	reliability	and,	 to	a	 lesser	extent,	 the	fit	statistics,	were	
better	with	the	six	RSCs	compared	to	the	four	and	three	RSCs.
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Introduction

 In order to ensure the validity and the 
reliability of an instrument, researchers have 
formulated various strategies that optimise 
the psychometric properties of the instrument. 
The reliability of a questionnaire represents the 
reproducibility of scores across different test 
situations. Reliability quantifies the measurement 
error and can be defined as the percentage of 
explained variance in relation to the total possible 
variance of scores (1). According to Classical Test 
Theory (CTT), reliability is expressed in terms 
of stability, equivalence, and consistency. The 

methods of assessing each aspect include test-
retest reliability as a measure of stability, alternate 
or parallel form as a measure of equivalence, and 
the internal consistency is usually quantified using 
Cronbach’s alpha and/or Kuder–Richardson-20 
(KR-20) (2).
 With the advent of the modern Item Response 
Theory (IRT), a new paradigm has emerged 
in assessing reliability. The Rasch model is a 
statistical model which is closely related to IRT: 
it examines the observed data against a standard 
model and provides insight as to the reliability, 
validity and the fitness of that instrument relative 
to the target population. Rasch quantifies person 
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ability and allocates it along a continuum of item 
difficulty to provide insight about performance of 
the test. The more the information about person 
ability and item difficulty obtained, the less the 
measurement error, and the better the reliability.
 The main difference in the concept of 
reliability with regards to CTT and IRT is the 
Standard Error (SE) used in the calculation of 
the reliability coefficient. In the CTT, the item 
difficulty estimate is sample rated, computed 
as a sample response to that item, and assumes 
that the ordinal raw score is linear when it is not. 
The SE of measurements is then derived from 
the average of sample ability, so the estimation 
is based on average person ability and not 
individual person ability. Thus the error variance 
will be overestimated especially with inclusion of 
extreme persons who got less error variance (3).
 In contrast to the conventional CTT, Rasch 
provides two indicators of reliability: person and 
item reliability related to quantified person ability, 
and item difficulty. The Rasch model offers a 
‘direct estimate of the modeled error variance for 
each estimate of a person’s ability and an item’s 
difficulty’ measured on interval scale scores (4). 
Individual SEs provide more information than a 
sample or test average, and ‘extreme scores are 
usually excluded because their SEs are infinitely 
large’, and those measures therefore carry little 
information about those person’s or item’s 
location at the extreme of the ability continuum 
(5,6).
 Furthermore, person and item reliability 
are then transformed into a separation indices 
to overcome the restriction of range of reliability 
value of being, 0–1. This separation index is used 
to classify a person’s abilities and item difficulties 
into distinct groups. The number of categories 
of the rating scale and its effect on reliability has 
been debated over the last decades. An earlier 
attempt to identify the effect of category number 
on reliability revealed that there is no effect of 
the number of categories on the reliability (7). 
Studies showed unchanged test-retest reliability 
using rating categories with three, five, seven or 
nine response categories (8,9). Further research 
confirmed those findings (10–13).
 Contradictory to the above, authors have 
concluded that increasing the number of response 
categories would improve the reliability of the 
study; inter-rater reliability (14) and test-retest 
reliability (15–17). Findings of other published 
work confirmed that reliability increases with 
increasing response categories, but not beyond 
six categories (18–20). Regarding the optimum 
number of categories, authors argued that 

reliability is better with seven responses (14,21), 
while others recommended only five instead 
(22,23). Using Rasch analysis, few studies have 
confirmed that the smaller number of rating 
categories yields better reliability and fit statistics 
including separation indices (24–26). The 
argument in these studies is the underutilisation 
of some rating categories based on post-hoc 
analysis.
 The original spiritual Well-Being Scale 
(the English version) under investigation is a 
widely used self-administered scale that assesses 
spiritual well-being. To the best of our knowledge, 
no published study has so far examined the 
suitability of the rating scale of SWBS whether 
in the original setting and language or when 
translated, particularly into the Malay Language. 
The objective of this paper is to empirically 
investigate the potential effects of the number 
of response categories on the reliability and fit 
statistics of the Malay SWBS using Rasch analysis.

Materials and Method

 The current work is a part of the validation 
and reliability testing study of the Malay SWBS, 
in which pre-testing was a continuous process 
to ensure a valid and reliable instrument. The 
respondents in this study were participants in 
ongoing community screening programs that 
cover mostly the Selangor state in Malaysia. As 
the aim of this study was to determine the impact 
of the number of rating categories on reliability 
and fit statistics, the choice of the newly modified 
rating categories was based on an analysis of 
the first sample collected at the first community 
screening program. The analysis of responses 
from the original version with six rating categories 
suggested that the new rating scale with four and 
three categories might yield better reliability.
 
Sample
 The final linguistically-checked version of 
the Malay SWBS with the original six response 
categories and the newly modified (introduced) 
versions with four and three rating categories were 
administered to three samples of 50 respondents 
each, who were participating in the ongoing 
community screening program. All samples were 
selected with simple random sampling from a 
list of participants in the community program. 
It is worth noting that all participants fulfilled 
the inclusion criteria that the participants be 
Malaysian and be able to read and write in the 
Malay language as the requirements to participate 
in this study. The main exclusions were as follows: 
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non-Malaysian, and an inability to read and write 
in the Malay language.Ethical approval was 
obtained from the relevant institutional ethics 
committee, reference number 600-RMI (5/1/6).
 
Instrument
 Palotzian and C Ellison are credited with 
developing the original SWB (27). The adaptation 
of the Malay SWBS from the original American 
English version was done according to commonly 
adopted guidelines of translating and adapting 
health questionnaires (28,29). The adaptation 
was performed by two independent native 
Malay speakers who carried out the forward 
translation, and whose quality was checked by 
other independent translators. The backward 
translation into English was carried out by another 
two independent translators. Discrepancies 
resulting from this process were resolved and 
consensus was reached regarding the harmonised 
Malay version of the SWBS. Debriefing sessions 
were carried out with 15 participants. Comments 
and ambiguity were recorded and discussed 
with translators in order to develop the finalised 
version of the Malay SWBS.

Statistical Analyses
 Data were entered and analysed using the 
Winstep Rasch analysis software (30). Rasch 
analysis provides a customary summary statistics 
of fit indices like Infit Mnsq (mean square), Infit 
Zstd (standardised mean square), and reliability 
indices including person reliability, item reliability, 
and person and item separation indices achieved 
by the instrument and the target sample. ‘Fit 
statistics indicate how accurately or predictably 
data fit the model’ (31). The Rasch model aims 
at transferring the ordinal data into a continuous 
scale which provides a ruler against which to gauge 
person ability against item difficulty. The Rasch 
model assumes that the higher the person ability, 
the higher the possibility to endorse (answer) 
difficult item(s). Thus, fit statistics reflect how 
the data under study fit the stipulated model. On 
the other hand, reliability refers to the replication 
of the results in a different sample, i.e. the same 
item difficulty and person ability measures are 
expected to be replicated in a different sample. A 
separation index is calculated as the number of 
SE of spread among the items/persons, and the 
ability to define distinct groups of item difficulty 
and persons’ abilities (32). Different iterations 
were obtained to identify which categorisation 
would perform better, and the better rating scale 
combination was decided by item and person Infit 
Mnsq and Zstd.

Results

 Table 1 shows the characteristics of the 
study samples. The response rate was 98%, 90%, 
and 96% for first, second and third samples 
respectively. The mean age was almost comparable 
in all three samples. In terms of gender, females 
predominated the three samples with a higher 
proportion reported in the third sample (70.8%). 
Islam was the majority religion in the first and 
third samples, while Christianity predominated 
the second sample. Regarding educational level, 
the third sample reported a higher proportion 
of primary and secondary education (27.7% 
and 44.7% respectively) compared to the other 
samples, while the second and third samples 
reported higher proportions of university degrees, 
75.6% and 46.9% respectively. Malay participants 
were the majority in the first and third samples, 
followed by the Chinese, while the Chinese were 
majority in the second sample, followed by 
the Malay. Employed participants were highly 
represented in all samples compared to other 
working status groups. More than half of the 
participants in all the samples reported as being 
married, and less than half (43.8%) and around 
a third (28.9%) reported single status in the first 
and second samples respectively.
 The restructuring of the original six rating 
scale categories was based on the results of the first 
sample through post-hoc iteration. Data iteration 
is the default algorithm of Rasch analysis, in which 
the data is processed to provide estimates of Rasch 
measurement. The method is repeated (iteration) 
until the best fit measures of the data are obtained. 
Different post-hoc iterations (combination of 
categories) were obtained (Table 2). We found 
that the four and the three categories shown in 
Table 2 were the best among other iterations. 
The six rating scale categories of ‘strongly agree’, 
‘moderately agree’, ‘agree’, ‘disagree agree’, 
‘moderately disagree’, and ‘strongly disagree’ 
were collapsed into four categories (‘strongly 
agree’, ‘agree’, ‘disagree’, and ‘strongly disagree’) 
in one version, and into three categories in 
another version (‘agree’, ‘neither agree nor 
disagree’, and ‘disagree’). It was observed that the 
four-category targeting was very good compared 
to the original six categories, and yielded the 
highest person reliability and separation. It was 
noticeable that the mean person Infit Mnsq of the 
four categories achieved the ideal value of 1, and 
that the person mean Infit Zstd was unchanged 
between different categorisations. The smallest 
model error was achieved by the 4 categories. The 
mean item Infit Mnsq was 1 for the four and three 
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RSCs achieving the ideal value, and the mean item 
Infit Zstd was 0 for the six and three RSCs. Item 
and person reliability and separation indices were 
not dramatically changed, and all were in a good 
range.
 Table 3 depicts the fits statistics and reliability 
indices for the three forms of categorisations of 
the rating scale. We observed that the original 
six categories achieved good targeting of less 
than one error, and achieved the smallest model 
error compared to the newly introduced four and 
three categories. Although the difference was 
not significant, the three categories achieved the 
smallest mean person Infit Mnsq of 1.03 with the 
smallest SD of 0.38.
 The three categories registered the ideal 

mean person Infit Zstd of 0, and the others of 
–0.1. The SD of person Infit Zstd decreased 
slightly toward the smallest number of categories. 
The three categories registered the lowest mean 
and SD of the item Infit Mnsq compared to other 
categories. On the other hand, six categories 
registered the lowest mean item Infit Zstd of 0. 
The SD of the item measure increased slightly with 
four categories, and sizably with three categories 
to reflect more variation in the estimate of item 
difficulty.
 In terms of reliability and separation index, 
it is observable that the six categories yielded the 
highest person and item reliability compared to 
the others.  Similarly, the separation indices were 
higher for the six categories.

Table	1:	Descriptive statistics of the study samples
6	categories 4	categories 3	categories

Age Mean (SD) 36 (11) 37 (9) 39(12)
Gender n (%) Male 19 (38.8) 18 (40.0) 14 (29.2)

Female 30 (61.2 ) 27 (60.0) 34 (70.8)
Religion  n (%) Muslim 21 (42.9) 11 (24.4) 31 (64.6)

Buddhist 13 (26.5) 8 (17.8) 10 (20.8)
Hindu 12 (24.5) 5 (11.1) 4 (8.3)
Christian 3 (6.1) 15 (33.3) 3 (6.3)
Others 0 (0) 6 (13.3) 0 (0)

Educational Level n (%) No formal education 0 (0) 0 (0) 3 (6.4)
Primary 1 (2) 0 (0) 13 (27.7)
Secondary 15 (30.6) 5 (11.1) 21 (44.7)
Diploma 10 (20.4) 6 (13.3) 8 (17.0)
University Degree 23 (46.9) 34 (75.6) 2 (4.3)

Race n (%) Malay 21 (42.0) 11 (24.4) 31 (64.6)
Chinese 16 (32.0) 16 (35.6) 10 (20.8)
Indian 13 (26.0) 10 (22.2) 7 (14.6)
Others 0 (0) 8 (17.8) 0 (0)

Occupation n (%) Unemployed 1 (2.1) 1 (2.2) 8 (17.0)
Employed 45 (93.8) 34 (75.6) 18 (38.3)
Pensioner 1 (2.1) 0 (0) 3 (6.4)
Student 0 (0) 7 (15.6) 3 (6.4)
Housewife 1 (2.1) 3 (6.7) 15 (31.9)

Marital Status n (%) Single 21 (43.8) 13 (28.9) 7 (14.6)
Married 25 (52.1) 31 (68.9) 39 (81.3)
Separated/Divorced 2 (4.2) 1 (2.2) 0 (0.0)
Widow 0 (0) 0 (0) 2 (4.2)
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Table	2: Summary statistics of different post-hoc iterations

Categories Original 123456 Post-hoc 111234 Post-hoc 111223

 Persons Items Persons Items Persons Items

Statistics Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Measure 0.99 0.78 0.00 0.4 0.37 1.00 0.00 0.55 0.70 1.50 0.00 0.86

Model Error 0.24 0.07 0.15 0.01 0.29 0.07 0.18 0.01 0.45 0.11 0.28 0.01

INFIT MNSQ 1.1 0.73 1.01 0.33 1.00 0.44 1.00 0.32 1.03 0.50 1.00 0.31

INFIT ZSTD –0.1 2.2 0.00 1.6 –0.1 1.5 -0.1 1.6 –0.1 1.7 0.0 1.6

OUTFIT MNSQ 1.06 0.89 1.06 0.45 1.02 0.72 1.02 0.42 1.00 0.59 1.01 0.35

OUTFIT ZSTD –0.2 2.2 0.2 1.7 –0.1 1.5 0.0 1.5 –0.2 1.7 0.1 1.5

RELIABILITY 0.86 0.85 0.89 0.88 0.88 0.88

SEPARATION 2.46 2.38 2.86 2.70 2.76 2.77

SE 0.11 0.9 0.14 0.13 0.22 0.20
Abbreviations: INFIT MNSQ = Infit Mean square; OUTFIT MNSQ = Outfit Mean square;  INFIT ZSTD = Infit standardised mean 
square; OUTFIT ZSTD = Outfit standardised mean square; SE = Standard error.

Table	3: Summary statistics of three different forms of RSCs
Categories Original 123456 112344 112233

 Persons Items Persons Items Persons Items

Statistics Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Measure 0.99 0.78 0 0.4 1.55 1.2 0 0.6 1.75 1.18 0 1.19

Model Error 0.24 0.07 0.15 0.01 0.44 0.21 0.26 0.01 0.51 0.2 0.37 0.18

INFIT MNSQ 1.1 0.73 1.01 0.33 1.07 0.88 1.04 0.3 1.03 0.38 0.93 0.24

INFIT ZSTD –0.1 2.2 0 1.6 –0.1 2.1 0.1 1.4 0 0.8 –0.2 0.9

OUTFIT MNSQ 1.06 0.89 1.06 0.45 1.04 0.88 1.06 0.4 1.21 1.44 1.21 0.99

OUTFIT ZSTD –0.2 2.2 0.2 1.7 –0.2 2.1 0.2 1.4 0.1 0.9 0.2 1.2

RELIABILITY 0.86 0.85 0.8 0.77 0.75 0.83

SEPARATION 2.46 2.38 1.98 1.84 1.75 2.23

SE 0.11 0.9 0.18 0.13 0.19 0.27
Abbreviations: INFIT MNSQ = Infit Mean square; OUTFIT MNSQ = Outfit Mean square;  INFIT ZSTD = Infit standardised mean 
square; OUTFIT ZSTD = Outfit standardised mean square; SE = Standard error.

Discussion

 Admittedly, reliability is a complex concept 
as there is no single parameter that quantifies 
this psychometric property. To the best of our 
knowledge, this is the first study which examines 
the effect of the number of response categories on 
the reliability of the Malay SWBS using the Rasch 
model. One of the advantages of Rasch model 
measurement is that it allows the estimation 
of the source of error arising from persons and 
items, whereas other methods of testing reliability 
report statistics about the performance of the 
respondents only.

 The observed difference of the Infit Mnsq 
of the persons was not sizable between the three 
groups and it shows a good fit as it approaches “1”  
(31,33,34). The minimal changes of person Infit 
Zstd did not show a significantly better fit of the 
four and three categories compared to six, and did 
not cause a considerable ‘noise’ to the fit statistics. 
The variation in the estimate of person ability is 
comparable between the six and four categories, 
and lower still than the three categories. Knowing 
the Mnsq represent the average of the residual, 
we may conclude that fit statistics are minimally 
affected by the number of RSCs; rather it is 
affected by the structure of item and the sample 
size.
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 The highest possibility that people will behave 
in a similar way when they are subjected to items 
of similar difficulties was conferred by the six 
categories (0.86). We expected that six categories 
would perform better to separate the respondents 
into more than three strata which is considered 
good. Similarly, item reliability decreased with 
four categories when compared to six categories, 
and we can say that the items give less reliable 
information than the persons in this sample. In 
addition, the item separation was better for the 
six categories (2.38) and for the three categories 
(2.23) compared to the four categories (1.84), 
i.e. item endorsement (difficulty) by respondents 
were separated into ‘three’ levels compared to 
‘two’.
 The findings may be explained by the fact 
that reducing the number of categories means 
reducing the endorsement spectrum, which in 
turn yields scores with little variance, affecting 
the separation index that is required to be as high 
as possible (35–37). The rating categories which 
yielded high reliability and a separation index were 
found to be those with many response categories. 
Our findings are consistent with those of previous 
studies which showed that increasing the number 
of categories would increase reliability (14,17–21). 
However, Garner (38) opined that 20 categories 
are necessary for better reliability.
 Our results are not in tandem with the findings 
that reliability is not affected by the number of 
response categories (11–13). Furthermore, our 
findings are inconsistent with the findings of Zhu 
et al. (25) that a smaller number of categories 
improves the reliability in which the authors’ 
judgment was based solely on post-hoc analysis. 
The post-hoc analysis in our case is in favor of 
three categories, but when the newly proposed 
three categories were tested, it showed that 
they were not better in terms of reliability and 
separation. Despite its not being investigated 
in our paper, it is pertinent to mention that 
increasing the number of RSCs adds advantages 
to better the discriminant ability of the test and 
the amount of information transmitted (38).
 Although Rasch has been perceived to handle 
small sample size, the study might be limited 
by the small sample size which would increase 
the SE and hence reduce reliability. However, 
the reliability indices were high enough even 
with such a small sample. Moreover, due to the 
exploratory nature of this study, a small sample 
size is warranted as previously reported (39), 
especially with the Likert scale rating (40). It is 
our intention to present real life data rather than 

rely on the simulation of a large database. Using 
different groups of respondents to answer the 
three different forms of RSCs might affect the 
comparison. It would seem more useful if in the 
future, the same sample is subjected to the three 
different forms of the questionnaire and the order 
of entry randomised to avoid a carryover effect.

Conclusions

 This study has showed that the person and                                                                                                                        
item reliability and, to a lesser extent, the fit 
statistics, seemed better with six categories 
compared to four and three categories. No 
recommendations are made regarding reducing 
number of rating scale categories of the 
Malay SWBS. This study adds to the scope of 
investigating the optimal number of RSCs, and it 
affirms previous findings that a wider rating scale 
yields better reliability.
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