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Abstract

The aim of the present study is to evaluate the accuracy of person fit statistics
based on the Rasch model in identifying acquiescence response styles. To this
end, the acquiescence response style was simulated in four different scenarios,
including sample size, test length, the percentage of aberrant items, and the
percentage of respondents with aberrant response patterns, with 25 repetitions.
The findings of the study indicated that the statistics Up and Wp performed better
in identifying the acquiescence response style in polytomous data compared to
the statistics Ip and Izp. However, the accuracy of these statistics decreases as the
percentage of respondents with aberrant response patterns increases. Conversely,
the Izp and Ip statistics were unable to identify this response style in any scenario.
Additionally, the examination of the factors affecting the accuracy of person fit
statistics revealed that, in general, the accuracy of Up and Wp statistics increases
with an increase in sample size, the number of questions, and the percentage of
aberrant items. Therefore, in conditions where the likelihood of acquiescence
response style exists, researchers can utilize Wp and Up statistics by considering
the sample size and gquestionnaire length. However, given that these statistics fail
to identify the acquiescence response style as the percentage of respondents with
aberrant response patterns increases, it is recommended to examine the accuracy
of other person fit statistics in identifying acquiescence response styles in
polytomous data.
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Introduction

Psychological questionnaires play a significant role in the selection of
candidates and psychological assessments. Typically, individuals
respond to questions in a paper-and-pencil format or, preferably, via
computer-based methods, and decisions about individuals are made
based on the results of these tests. Therefore, respondents may distort
their answers to present a favorable image of themselves or to fake
results, deceive (Emons, 2009), display non-cooperation with the
interviewer (Woods, Altman, & Tarquini, 2008), experience fatigue
during responding, require specific knowledge to answer (Armstrong &
Shav, 2009), misunderstand the questionnaire instructions, or due to the
disclosure and leakage of questions (Mayer, 2003). Distortion in
responding, regardless of the content of the questions (such as
acquiescing to the questionnaire items), is termed response style
(Schwarz, Weldon, & Groenendijk, 2015; Tipton, 2011).

Acquiescence and non-acquiescence response styles (Schwarz et al.,
2015; Cabooter, 2010; Wetters, 2006; Razavi, 2001; Baumgartner &
Steenkamp, 2001), extreme response style (Rapp, 2013; Cabooter,
2010; Emons et al., 2008; Wetters, 2006; Razavi, 2001; Baumgartner
& Steenkamp, 2001), and middle category response style (Schwarz et
al., 2015; Cabooter, 2010; Wetters, 2006; Baumgartner & Steenkamp,
2001; Razavi, 2001) are commonly used in non-cognitive
questionnaires.

Aberrant responses, regardless of their cause, must be identified
prior to analyzing respondents’ scores, as a questionnaire might possess
acceptable and satisfactory psychometric characteristics, yet a
respondent's score may be invalid due to the presence of aberrant
responses, leading to adverse consequences in decision-making
(Kanighen et al., 2015; Kriths, 2004).

Aberrant response patterns can be identified based on two
approaches: content-based and statistical. The first approach, with a
history of nearly 80 years, utilizes content scales to identify response
styles. Scales such as K (correction), F (faking), and L (lying) in the
Minnesota Multiphasic Personality Inventory (Butcher, Graham, &
Ben-Porath, 2001), social desirability scales, and generally, forced-
choice items (Chen, Lee, & Yen, 2004) use this approach. Conversely,
the statistical approach identifies aberrant response patterns by
comparing an individual's response pattern with the expected pattern.
Person fit statistics within the framework of item response theory fall
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under this approach (Emons, 2008; Mejier & Sijtsma, 2001), estimating
the logical consistency of a respondent's response pattern to a
questionnaire based on their actual latent trait (De Ayala, 2009; Emons,
2008).

The accuracy of person fit statistics depends on various factors such
as sample size, the number of simulated questions, the statistical model
chosen for data generation, and values for person and item parameters
(Rapp, 2013), the type of parameter estimators, and the type of aberrant
responses (De la Torre & Deng, 2008; Steyn, Wallos, Abdos, &
Germain, 2011), as well as the percentage of aberrant response patterns
(Armstrong & Shav, 2009; Emons, 2009), which must be considered
when analyzing person fit statistics.

Various person fit statistics exist within different frameworks of item
response theory. For example, the D, Izm, and ECI statistics are used in
two- and three-parameter models, and the U, W, |, and Iz statistics are
used in the Rasch model; however, many person fit statistics, such as 1z
and U, can also be used in other models of item response theory (Mejier
& Sijtsma, 2001). To date, more than thirty-six person fit statistics
(Karabatsos, 2003; Mejier & Sijtsma, 2001) have been introduced,
mostly studied in dichotomous data (Kanighen et al., 2014; Emons,
2008). In the context of polytomous data, among parametric person fit
statistics, the Izp statistic has been most studied (Kanighen et al., 2014;
C-You, 2013; Steyn et al., 2011; Emons, 2008), while the accuracy of
other parametric statistics like W and U, which have shown satisfactory
performance in dichotomous data (Rapp, 2013; Karabatsos, 2003; Glass
& Mejier, 2003; Mejier & Sijtsma, 2001), has rarely been studied.
Moreover, given that there are more than thirty-six person fit statistics
for identifying response styles (Karabatsos, 2003), this approach still
requires research to identify specific fit statistics that can be used to
detect response styles present in non-cognitive questionnaires.

Literature Review

A significant application of person fit statistics in the last ten years has
been in personality (C-Yun, 2013; Ferrando, 2012; Ferrando & Chico,
2001), attitude (Curtis, 2004), and health outcome assessments (Mejier,
Nissen, & Tandreau, 2016; Kanighen et al., 2015; Konard et al., 2010),
where researchers aim to identify the most accurate person fit statistic
for detecting aberrant responses in each of these fields.
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Research on person fit statistics can be categorized into two types.
In the first type, researchers seek solely a statistic that can identify
aberrant response patterns (Kanighen et al., 2014; Ferrando, 2012;
Ferrando & Chico, 2001). In the second type, researchers (Hang, 2012;
Steyn et al., 2011; Emons, 2008; Meijer, 2003; Glass & Meijer, 2003;
Embretson & Riese, 2000, translated by Sharifi et al., 1384) believe that
a particular fit index can be employed to identify each response style.
Therefore, the present study attempts to improve measurement at the
individual level to select competent and qualified individuals. Among
item response theory models, the Rasch model was chosen due to its
distinct objectivity and invariance (Embretson & Riese, 2000,
translated by Sharifi et al., 1384). This study examined the accuracy and
sensitivity of four-person fit statistics based on this model (Wp, Up, Izp,
and Ip) in identifying the most common response style, acquiescence,
in polytomous data. Furthermore, to better conclude, factors such as
sample size, questionnaire length, the percentage of aberrant items, and
the percentage of respondents with aberrant response patterns were
examined.

Methodology

The accuracy of four person fit statistics (WP, UP, IP, 1z°) was compared
in identifying acquiescence response styles within the framework of the
Rasch model. The Rasch model is one of the most robust models in the
family of item response theory. Key characteristics of the Rasch model
include specific objectivity (equal measurement units) and invariance.
The Rasch model comprises a family of models, including the Partial
Credit Model (PCM), the Generalized Partial Credit Model (GPCM),
the Rating Scale Model (RSM), and the Simple Logistic Model (SLM).
The Partial Credit Model is one of the widely used Rasch models,
particularly suitable for analyzing responses to attitudinal and
personality scales where respondents rate their opinions or respond to
items on a multipoint scale (Embretson & Reise, 2000, translated by
Sharifi et al., 1384).

Data Simulation Design

Data simulation was conducted using the WinGen software version 3
(Han, 2007). Initially, the assumptions of unidimensionality and local
independence under the Rasch Partial Credit Model (PCM) were
selected in the software. The next step involved data simulation
according to the specified values for each of the influencing factors (500
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and 2000 subjects, 30 and 60 items, 15% and 30% non-uniform items,
15% and 30% respondents with response style) as noted by sources such
as Rupp (2013), Armstrong and Shaye (2009), Emons (2008, 2009),
Karabatsos (2003), and Ferrando and Chico (2001).

Scores for 2000 subjects were generated with a normal ability
distribution in response to a 60-item questionnaire, repeated 25 times.
Additionally, the distribution of item locations was uniformly set
between -3 and 3. Subsequently, a random sample of 500 from each
dataset was selected. Similarly, a shorter 30-item test was randomly
sampled from the 60-item test. Responses from 15% and 30% of
subjects with low ability 6 (0 <+) were changed to "Agree" (option 4)
for 15% and 30% of items whose location exceeded the subject's ability
(1.5 > i(0), with no change if their response was already option 5.

Four person fit statistics (WP), (UP), (I?), and (1z°) were estimated for
each subject using Excel for the first three and the Perfit package
(Tendeiro, 2015) in R for (I1zP). Using ROC curves (SPSS version 25),
it was determined which of the four person fit statistics exhibited greater
accuracy and sensitivity in identifying the acquiescence response style
under various conditions (sample size, test length, percentage of non-
uniform items, and percentage of respondents with response style). The
mean detection rate of each person fit statistic across 25 data sets was
then reported (Table 1).

To determine the sensitivity and accuracy of person fit statistics in
various situations, the area under the ROC curve was used. The area
represents the accuracy of the person fit statistic in distinguishing
between consistent and inconsistent response vectors. Diagnostically,
an area less than 0.69 is considered unacceptable, between 0.70 and
0.79 acceptable, between 0.80 and 0.89 excellent, and above 0.90
outstanding, indicating that the statistic can effectively differentiate
between the two groups. The point with the highest sensitivity and
specificity was selected as the optimal cutoff point (Myers, Gamst,
Guarino, 2016), as shown in the table in the appendix.

Results

Accuracy in Identifying Acquiescence Response Style: Table 1
illustrates the accuracy of identifying the acquiescence response style
using four person fit statistics (WP), (UP), (1z°), and (I?) under different
conditions when the percentage of non-uniform items is 15% and 30%.
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Table 1. Accuracy of response style identification, confirming the aberrant
Response Patterns four person fit statistics (25 repetitions)
Percentage of questions with aberrant response patterns = 15% (0=0.05)

Sample  Test Percentage of people with  Percentage of people with
size length  aberrant response pattern  aberrant response pattern
=15% = 30%

IzP I uP WP |zP I up WP
500 30 0.03 0.00 071 070 0.00 0.00 058 041
60 003 0.00 071 073 0.00 0.00 059 0.42
2000 30 0.03 0.00 078 077 0.00 0.00 067 0.52
60 0.03 0.00 079 078 0.00 0.00 0.68 0.53
Percentage of questions with aberrant response patterns = 30% (0=0.05)
Sample  Test Percentage of people with  Percentage of people with
size length  aberrant response pattern aberrant response pattern
=15% = 30%
IzP I up WP IzP I up WP
500 30 0.02 0.00 072 072 0.00 0.00 058 0.40
60 001 0.00 074 075 0.00 0.00 057 043
2000 30 0.00 0.00 079 078 0.00 0.00 069 0.53
60 0.03 0.00 080 079 0.02 0.02 068 0.52

The table details how these statistics perform across various
scenarios, including sample size, test length, and the percentage of
respondents exhibiting inconsistent response patterns. The findings
presented in the table above illustrate the accuracy of identifying the
four person fit statistics under different conditions, including sample
size, questionnaire length, the percentage of respondents, and the
percentage of items reflecting the acquiescence response style. In the
scenario where 15% of respondents in a 500-person sample endorsed
15% of the items, the accuracy of the fit statistics for 30-item and 60-
item questionnaires was estimated as follows: (1z°: (0.03), IP: (0), UP:
(0.71), WP: (0.73)) for the 30-item questionnaire, and (Iz°: (0.03), I:
(0), UP: (0.71), WP: (0.70)) for the 60-item questionnaire. In this
condition, the Up and WP statistics showed acceptable identification
accuracy, while the (I1z°) and (IP) statistics failed to identify the
acquiescence response style. In the same context, if the percentage of
respondents exhibiting the acquiescence response pattern doubles, the
accuracy of the fit statistics for the 30-item and 60-item questionnaires
changed to (1z° (0), IP (0), UP (0.59), WP (0.42)) and (I1z° (0), I° (0), UP
(0.58), Wp (0.41)), respectively. In this scenario, none of the statistics
were able to identify the acquiescence response style.
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Now, if the percentage of items exhibiting non-uniform response
patterns doubles while 15% of respondents still exhibit such patterns,
the identification accuracy of the fit statistics for the 30-item and 60-
item questionnaires was estimated as follows: (1z° (0.12), IP (0), UP
(0.74), WP (0.75)) for the 30-item questionnaire, and (I1z° (0.02), I° (0),
UP (0.72), WP (0.72)) for the 60-item questionnaire. The Up and WP
statistics demonstrated the highest detection accuracy, while the (1zP)
and (IP) statistics exhibited the lowest.

When the sample size increased to 2000 respondents, the accuracy
of the fit statistics was examined. When 15% of respondents endorsed
15% of the items, the accuracy of the fit statistics for a 30-item or 60-
item questionnaire was (Izp (0.03), I° (0), UP (0.79), WP (0.78)) and (1z°
(0.03), I (0), Up (0.78), WP (0.77)), respectively. The (I1z°) and (IP)
statistics were unable to identify this response style. Under the same
conditions, if the percentage of items doubled, the accuracy of the fit
statistics for both the 30-item and 60-item questionnaires changed to
(1z°: (0.03), IP: (0), UP: (0.80), WP: (0.79)) and (Iz°: (0), IP: (0), UP:
(0.79), WP: (0.78)), respectively. In this situation, the accuracy of the
(1z°) and (IP) statistics was deemed unacceptable, whereas the Up and
WP statistics displayed acceptable accuracy in identifying the
acquiescence response style. Overall, when the percentage of
respondents exhibiting acquiescence response style doubled in sample
sizes of 500 and 2000, none of the fit statistics were capable of
identifying this response style, as they fell below the acceptable
threshold of 0.70 as classified by Mirza et al .(2016).

Discussion

The aim of the present study was to identify the best fit statistic for
detecting acquiescence response style in multidimensional data. To this
end, four-person fit statistics based on the Rasch model (WP, UP, 1z°,
and I?) were utilized. To facilitate a more comprehensive analysis,
different conditions including sample size, test length, the percentage
of respondents exhibiting acquiescence response style, and the
percentage of non-uniform items were considered. The results yielded
from the simulation data analysis indicated that the accuracy of UP and
WP statistics improved in identifying acquiescence response style as
sample size increased; in contrast, the IP and 1z° statistics were
unaffected by the increase in sample size. Ciu (2013) concluded in
examining person fit statistics that as the sample size exceeds 500, the
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average identification rate of the Guttman error index increases, which
aligns with the findings associated with the UP and WP statistics.
Statistically, it is expected that in larger samples, the accuracy of
comparisons between observed and expected response vectors will
increase, leading to a more precise estimation of item parameters; thus,
the identification accuracy of fit statistics will also improve with an
increasing sample size (Rapp, 2013). Conversely, the (1zP) statistic (Ciu,
2013) and the Breusch-Wallis statistics (BW) (Hang, 2012)
demonstrated higher identification accuracy in smaller sample sizes.
However, the methodologies utilized in these studies (Ciu, 2013; Hang,
2012) differ from the current study regarding data simulation models,
response styles, and the number of questionnaire items. For instance, in
Ciu's (2013) study, data was simulated within the framework of item
response theory, and the effect of the number of items on the accuracy
of person fit statistics was not examined.

The number of questions is another influencing factor in the
identification accuracy of fit statistics, with UP and WP being more
effective in correctly identifying the acquiescence response style as the
number of items increased when compared to the other two statistics.
The results of previous studies (Kanygin et al., 2014; Stieng et al., 2011;
Emons, 2008, 2009; Karabatsos, 2003) support this finding. Woods et
al. (2008) also demonstrated that non-uniform responses are not always
identifiable and that their detection is more effective in longer scales
with highly correlated questions and a relatively varied difficulty range.
Scales with lower measurement characteristics and shorter lengths do
not show person fit misalignment. Consequently, as the number of
items in a questionnaire increases, the range of item placement will also
expand, and the likelihood of identifying non-uniform response patterns
will be enhanced (Umbertson & Rice, 2000, translated by Sharifi et al.,
2005).

Another influential factor on the accuracy of person fit statistics is
the percentage of respondents exhibiting an acquiescence response
style; an increase in this percentage made it more challenging to identify
fit statistics such as UP and WP. Statistically, as the number of
respondents with this response style increases, it becomes more difficult
to identify them (Rapp, 2013; Karabatsos, 2003). Contrary to the
findings of the current research, Hang (2012) found that the proportion
of respondents with a non-uniform response pattern had a limited effect
on the accuracy and sensitivity of person fit statistics based on response
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theory, as well as on group-based statistics and BW statistics. In that
study, three different percentages (10%, 20%, and 30%) of respondents
with non-uniform response patterns were considered, and it is possible
that increasing the percentage of such respondents may influence the
accuracy of fit statistics. Additionally, other conditions like test length
and sample size that might affect the accuracy of fit statistics were not
examined in this research, which could simultaneously impact the
identification accuracy of the statistics.

The impact of the percentage of non-uniformly responding items on
the identification accuracy of the four person fit statistics was also
investigated. The accuracy of UP and WP statistics significantly
improved with an increase in the percentage of items reflecting
response styles. Statistically, as the percentage of non-uniform items
increases, the detection of expected patterns becomes easier; thus, the
identification accuracy of person fit statistics will also increase.

Conclusion

The findings of the current study and the literature review indicate that,
in order to assess the accuracy of a person fit statistic, various factors
must be taken into consideration, including sample size, test length, the
percentage of non-uniform items, and the proportion of individuals
exhibiting response styles. In situations where an acquiescence
response style is prevalent, such as in employment contexts where
candidates may seek to appear favorable, they tend to endorse items that
are socially accepted. In this situation, among the four person fit
statistics based on the Rasch model, UP and WP demonstrated higher
identification accuracy in multidimensional data; however, as the
percentage of respondents exhibiting this response style increased,
these statistics were unable to identify the acquiescent response style. It
is therefore suggested that the accuracy of other person fit statistics in
identifying  acquiescence  response style in  non-cognitive
multidimensional questionnaires should be studied. Moreover, the two
statistics (1z°) and (I), frequently employed in multidimensional data
and particularly in two-dimensional data, are deemed unsuitable for
identifying acquiescence response style, as they do not have sufficient
accuracy for this purpose.
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