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Background Information

Assessing evidence of reliability and validity is a crucial step in the development and evolution of 
instruments used to measure aff ective traits. Reliability is the extent to which random sources of 
measurement error are minimized and refers to how dependably or consistently a test measures a 
characteristic (Henson, 2001).  Validity is defi ned as the extent to which an instrument measures what 
it is intended to measure (Messick, 1989). Assessing reliability and validity over time, rather than 
at a single time point, is essential to evolve the instrument as society and language also continues 
to progress. This approach of continual and rigorous assessment facilitates the advancement of an 
instrument that is crucial to remain relevant in the modern world.

The Rasch Rating Scale Model: A Special Case of Item Response Theory 

Classical test theory (CTT) is often used to psychometrically assess instrument scores and is based 
on the principle that the observed score is partitioned into the true score plus error. A more modern 
alternative to CTT that has been found useful in the development of instruments that measure traits 
is the Rasch rating scale model, which is a specialized form of item response theory (IRT; Andrich, 
1978b; Rasch, 1980; Tennant et al., 2004; Wright & Masters, 1982). Rasch analysis is a probabilistic 
mathematical technique that is used to assess psychometric properties of latent constructs. Item 
response theory is a more modern approach to psychometric assessment than classical test theory and 
is a set of mathematical models that describe the relationship between an individual’s ability (or trait) 
and how that individual responds to items on the scale. The Rasch model has two main principles that 
are 1) the easier the item on the scale, the more likely that the item will be chosen or “passed,” and 
2) the higher the ability or trait level a person possesses, the more probable the person will “pass” 
or endorse an item compared to a person with a lower ability or trait level (Tennant et al., 2004). 
The scale of interest is measured in terms of item diffi  culty and generates estimates of locations of 
individual items (item diffi  culty) and ability level along a common interval-level scale (log-odds). 
While similar to a Classical Test Theory (CTT) approach in that both CTT and IRT methods assess 
psychometric properties including reliability and validity, IRT off ers several advantages over classical 
assessment methods. Item Response Theory (IRT) off ers a more nuanced analysis of survey items 
by assessing how each item performs across diff erent levels of ability, allowing for more accurate 
measurement of individual abilities. Unlike Classical Test Theory (CTT), IRT accounts for varying 
item diffi  culties and respondents’ diff ering levels of the underlying trait being measured, providing 
a more detailed understanding of how items diff erentiate between survey-takers. Additionally, IRT’s 
models are more generalizable and less dependent on specifi c sample characteristics, making it easier 
to apply results across diverse populations.

Study Purpose 
The purpose of this study was to confi rm that the newly proposed model (ProScan traits with 
corresponding new words) had superior psychometric properties to that of the previous ProScan 
model for each trait, including Dominance, Extroversion, Pace, Conformity and Logic. 

Methods 
There were 10,349 individuals included in this analysis. The assumption of unidimensionality, which is 
required to conduct a Rasch analysis, was tested using principal component analysis (PCA) and scree 
plots to assess factor structure for each trait. Initial psychometric assessment, including reliability 
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and validity, of each ProScan Survey trait, was conducted using the Rasch model. Four rounds of data 
collection were conducted to test and assess new items for each trait and confi rm using a new dataset 
each time (Table 1). 

Table 1. Sample Size (n) for each Round of Data Collection 

Round 1 2,091
Round 2 2,255
Round 3 3,240
Round 4 2,763

Sample Size 
The sample size was N = 10,349, which exceeded the recommended minimum sample size of 300 
participants (Clark & Watson, 1995). Although 100 participants is the minimum sample required for 
Rasch analysis, it was important to capture more individuals for generalizability purposes (Green & 
Frantom, 2002).

Reliability 
Evidence of reliability of responses to the scale was assessed using person reliability, item reliability 
and item separation. Person reliability is analogous to Cronbach’s alpha (internal consistency), with 
values >.70 deemed acceptable. Item reliability is a measure of item diffi  culty consistency, meaning 
that items are consistently measuring lower or higher activity levels, with values >.90 deemed 
acceptable. Item separation indicates how effi  ciently the scale items can categorize patient activity 
levels, with values >3.0 deemed acceptable (Linacre, 2020). 

Validity 
Evidence of validity was assessed using mean square infi t and outfi t values that are indicative of 
acceptable or poorly fi tting items. A value for mean-square infi t and outfi t is assigned for each item 
within each trait. Items were then evaluated for validity by assessing outfi t mean-square (MNSQ) 
and infi t MNSQ statistics, with acceptable values between 1.5 and .5. Values closest to 1.0 indicate the 
greatest evidence of validity, with the least amount of “noise” or error in the data (Linacre, 2002). 
Wright item person maps and category response curves were assessed to identify poorly fi tting items 
and assess person ability and the ability of the instruments’ items to capture diff ering levels of the 
trait being measured. Category response curves are plots used in IRT that show the probability of 
selecting each response category as a function of the underlying latent trait (θ). Each curve in the 
plot represents a diff erent response category, with the x-axis showing the latent trait and the y-axis 
showing the probability, illustrating how the likelihood of each category varies across diff erent levels 
of the trait. To perform this portion of the analysis, WINSTEPS version 4.0.1 (Beaverton, Oregon) was 
used. 

Results 

Reliability 
The ProScan Survey demonstrated excellent evidence of reliability, Reliability, including person 
reliability, item reliability and item separation, for each trait for the fi nal ProScan Survey were 
documented (Table 2).  
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Table 2. Reliability Estimates for Each Trait  

Trait Item
Reliability

Person
Reliability

Item
Separation

Dominance 1.00 .77 18.06
Extroversion 1.00 .74 14.77
Pace 1.00 .72 22.83
Conformity .99 .79 10.31
Logic 1.00 .77 17.97

Validity 
The ProScan Survey demonstrated excellent evidence of validity. All mean-square infi t and outfi t 
values were within the acceptable threshold of .5 to 1.5 (Table 3).

Table 3. Validity Estimates for Each Trait  

Trait Mean-square Infi t range Mean-square Outfi t Range
Dominance .83 – 1.23 .84 – 1.29
Extroversion .74 – 1.40 .70 – 1.38
Pace .83 – 1.08 .83 – 1.08
Conformity .80 – 1.18 .81 – 1.20
Logic .74 – 1.11 .85 – 1.12

The results indicate that the category response curves for the items across the fi ve latent constructs 
(ProScan traits) exhibit well-defi ned thresholds, with each response category having a distinct peak at 
diff erent levels of the latent trait. This suggests that the items are eff ectively diff erentiating between 
various levels of the underlying constructs, demonstrating good measurement properties  (Figures 1A 
– 1E).  

Conclusions 

The fi nding of this study, utilizing the Rasch rating scale model, which is a specialized form of item 
response theory, along with the previous research employing big data and Classical Test Theory 
(CTT) methods for confi rmatory factor analysis, highlight the ProScan’s exceptional reliability and 
validity, especially with the inclusion of the newly updated items. The robust nature of these results 
is evidenced by their successful replication across large sample sizes which is necessary for big data 
analytics, further reinforcing the psychometric strength of the instrument. The revisions made to 
the ProScan have yielded an enhanced version of the tool, which consistently delivers dependable 
and accurate scores. Crucially, the reproducibility of these scores has been demonstrated, adding a 
layer of confi dence to the updated ProScan. This study has validated the proposed model structure, 
thereby affi  rming the credibility of the ProScan for both its application and score interpretation. 
Instrument development is inherently a cyclical process, demanding multiple iterations of data 
collection, statistical analysis, and refi nement. However, this critical process is often disregarded due 
to the signifi cant investment of time and resources it requires. By investing valuable resources and 
technology into the continual assessment and refi nement of the ProScan survey, the tool remains 
a reliable and up-to-date modern instrument, allowing users to confi dently rely on its accuracy and 
eff ectiveness.
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Figures

Figure 1A – 1E: Category response curves for the fi ve latent constructs (ProScan traits). 
These fi gures present category response curves for one item from each of the fi ve latent constructs. 
The x-axis represents the latent trait (θ) specifi c to each construct, and the y-axis shows the 
probability of selecting each response category. Each curve corresponds to a diff erent response 
category on a Likert scale (1 to 5), illustrating how the probability of endorsing each category varies 
across levels of the latent trait. These CRCs demonstrate the item’s eff ectiveness in distinguishing 
between diff erent levels of the underlying constructs.

Figure 1A. Dominance
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Figure 1B. Extroversion

Figure 1C. Pace
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Figure 1D. Conformity

Figure 1E. Logic
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