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Abstract 
Assessment of competency including the knowledge, skills, and abilities of an employee is 
vital to provide good information for an employer to enhance employees’ future 
performances as well as maintaining organization performances. To measure the current 
level of employee competencies, tools such as an instrument for competency measurement 
that is valid and reliable should be used. To provide the validity and reliability evidence, 
instead of using the classical test theory (CTT), another measurement model that can be 
utilized to conduct a more precise measurement is the Rasch Measurement Model (RMM). 
This paper describes the application of the Rasch Measurement Model toward a study on 
competency measurement instrument development and validation. A discussion of several 
RMM diagnoses such as Person and Item Separation Index, Item Polarity, Fit Statistics, Item 
Dimensionality, Standardized Residual Correlation, and Differential Item Functioning (DIF) 
can be used to guide social science researchers in developing an instrument to measure 
employee competencies.  
Keywords: Rasch Measurement Model, Competency Measurement Instrument, Instrument 
Development, Human Resource 
 
Introduction  
Organizations have realized the importance of developing a unique personality which can 
enhance their competitive advantage to compete and survive in the changing market. Thus, 
they are focusing on the human resource management functions, specifically on employee 
individual performance, as a strategy to maintain the performance (Wright & Snell, 2008). It 
is vital for an organization to understand employee strengths to support the organization’s 
strategy and goals (Boxall & Purcell, 2011). To measure the current individual employee 
performances, assessment tools such as a competency measurement instrument is required. 
Results from the competency measurement can be further used in employee training and 
development. Sanchez (2000) and Schley (2003) mentioned that identified competency 
elements are deemed important for inclusion in a competency model to distinguish between 
top and low performers among the employees.  
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From the competency model, a self-assessment instrument for competency measurement 
can be developed. As suggested by Sanghi (2007) and Spencer & Spencer (1993), the 
instrument for individual employee competency measurement could be practically used for 
employee development. Greenstein (2012) described assessment of employee as a 
procedure to compile results on the level of competency based on the identified competency 
elements. Similarly, Hager et al. (1994) defined competency-based assessment as 
“assessment of an employee’s knowledge, skills, and abilities against an identified standard 
of employee performance. It is also a process of measuring new entrants in the organization 
whether they meet the performance expectation.”  
 
Previous systematic reviews across many disciplines of studies are not sufficient to provide 
validity and reliability evidence (Paalman et al., 2013) and need to avoid as well (Nornazira 
et al., 2015). In testing employee competencies, various methods of assessment are 
encouraged to build valid measurements across tasks and settings (McClelland, 1973). 
Competence is a latent variable and not an empirical quantity, but is tested through real 
phenomena. The only approach to understanding these “realities” is applying a model, which 
can formulate the relationship between the competency constructs. The most objective 
model for estimating latent variables is the Rasch Measurement Model (RMM) (Bond & Fox, 
2015; Engelhard Jr., 2013). 
 
The purpose of this article is to highlight the “why” and “how” of using RMM diagnosis so 
that RMM diagnosis becomes more widely applied in social science research, specifically to 
develop tools for competency measurement. The author starts by briefly discussing the 
concept of competencies. The author then explains the difference between the Classical Test 
Theory (CTT) and RMM. Next, RMM diagnosis is discussed to guide future researchers on 
why a few diagnoses are important to provide the validity and reliability evidence. A simple 
explanation is given to make sure other researchers understand the application of each 
diagnosis. The author concludes by explaining how to use RMM to better communicate 
research findings in validating an instrument for competency measurement.  
 
Literature Review  
Competencies  
The original Latin word “competentia” means the ability to judge and speak (Internacional 
Project Management Association, 2006). Meanwhile, the English dictionary defines 
competence as the state of being suitably sufficient or fit. Despite the various competency 
studies that have been conducted since the pioneering work by McClelland (1973), there is 
not a single general definition that has been accepted until now to represent the term 
competency. Previous researchers and practitioners operationalized the term based on their 
specific competency-based approach for certain professions. Prior to that, the evolution of 
competency caused multi-faceted positions and confusion (Hoffmann, 1999) from specific 
to common (Moore et al., 2006). Table 1 below summarizes a few definitions of 
competencies from different authors. 
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Table 1. Definition of competencies by several authors 

Author (s) Competency Definition 

Aiman Arifin et al.  (2017) A set of personal and job knowledge, skills, 
abilities or attitude for a specific task, job or 
profession towards job performance. 

McClelland (1973) Set of traits toward effective or superior job 
performance 

Boyatzis (1982, 2008)   Relationship between an individual to 
superior job performance in a job 

Spencer and Spencer (1993) Ability and skills gains through training, job, 
and life experience. 

Evarts (1987) Managers’ underlying characteristic related 
to superior performance. 

Hager, Gonczi, and Athanasou (1994) The standard or quality as the outcome of 
the individual’s performance 

Hoffmann (1999) Underlying qualification and attributes of a 
person, observable behaviors, and 
standard of a person’s performance. 

Dubois and Rothwell (2004) The combinations of knowledge, thought 
patterns, and skills characteristics which 
result in successful performance 

Cernusca and Dima (2007)  A person’s underlying criteria causally 
linked to individual performance and 
career development. 

 
The Importance of Competency Measurement in HRM 
Competency-based assessment refers to “assessment of a person’s competence 
[competency] against prescribed standards of performance. Thus, if a profession has 
established a set of, say, entry level competency standards, then these detail the standards 
of performance required of all new entrants to that profession. Competency-based 
assessment is the process of determining whether a candidate meets the prescribed 
standards of performance” (Gonczi et al., 1993) and “as a process of collecting evidence and 
making judgment to determine individuals’ competency levels while performing assigned 
work tasks based on prescribed standards or criterion.” 
 
However, it is not easy to successfully measure and observe employee competencies which 
are complex and diversified (Suhairom et al., 2014). Gonczi et al. (1993) highlighted that 
competency can hardly be observed directly. To overcome the challenges, it is important to 
apply a few assessment approaches to proceed with employee competency measurement 
to ensure the accuracy. Besides, the quality and quantity of the evidence of competency 
must be thoroughly identified for making sound judgments (Gonczi, 1994). Figure 1 
illustrates the link between both competency measurement and competency development. 
The procedure of competency measurement and development is a continuous process. The 
results for competency measurement can be used by an HR department particularly by the 
training and development staff to tailor specific programs to enhance employees’ level of 
competencies. 
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Figure 1. From competency measurement to competency development: a continuous loop. 
Adapted from: De Vos et al (2015). Competency development in organizations: Building an 
integrative model through a qualitative study (Vlerick Leuven Gent Management School). 
 
The Importance of Instrument Development  
In social science research, it is not easy to understand a phenomenon especially when 
dealing with latent variables. To address this issue, social science researchers must develop 
new instruments that consist of a few items for specific variables to measure the 
phenomena. Instruments in the form of questionnaires are mostly utilized by researcher to 
proceed with data collection in social science research. In organizational settings, 
instruments are often used to understand the situation especially from the internal 
environment. For instance, to enhance employee performance, such an instrument can be 
used not only to measure employee competencies but the results can be further used as an 
input for training and development programs. Thus, the development of a solid instrument 
through systematic phases including conceptualization, generation of items, and 
consideration in terms of sequences of items and suitability of words and length with 
accepted psychometric properties including validity and reliability evidence. However, there 
are several other terms which are related to the “instrument” namely test battery, 
psychometrics, inventory, questionnaires, scale, and measurement as summarized in Table 
2.  
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Table 2. Definition of terms 

Terms Definition of terms 

Instrument  “Instrumentation used as a tool to measure variables 
or items of interest in data collection process” (Hsu & 
Sandford, 2012, p. 608) 

Test battery “A set of or correlated presumptions delivered at one 
time, with scores documented separately or mixed to 
produce a single score” (Nugent, 2013) 

Psychometrics “One of the psychology concepts related to 
psychological measurements” (WordNet) 

Inventory “Types of traits used to evaluate personal 
characteristics or knowledge, skills and abilities” 
(Merriam-Webster). 

Questionnaire “ A set of items, which follow a fixed scheme in order 
to collect individual data about one or more specific 
topics” (Trobia, 2011, p. 653) 

Scale  “A set of items to measure theoretical variables which 
are not readily observable by direct means” (DeVellis, 
2012, p. 11) 

Measurement  “Measurement is the assignment of numerals to 
objects based on the rules” (Stevens, 1946, p. 677) 

 
Instrument for Competency Measurement 
 The Art of Testing Theory 
Test items can be measured using a few theories. In testing there are two significant theories 
namely CTT and item response theory (IRT). Both theories have been widely used in 
educational, psychological, and human resources studies to measure test items. CTT and IRT 
rely on various assumptions, diagnoses, parameters, and distinct statistical approaches. Both 
theories are used to improve items’ psychometric properties including validity and reliability 
evidence.  
 
Classical Test Theory 
According to Novick (1966), the assumption of CTT is related on the basis of the scores and 
is overserved. The true scores come from what a test-taker understands which might be 
affected by a few inputs of errors where the observable scores are known as “a combination 
of estimated true scores from test takers with some unobservable errors” (Awopeju & 
Afolabi, 2016). In CTT, parameters such as numerical values, item characteristics, item 
analysis, and item discrimination are used which are more independent toward the 
participants’ proficiency in the sample. The indices in CTT are easy to understand for laymen, 
and can be easily measured, evaluated and understood. However, the output from these 
indices from different samples can vary. The best merit of this classical approach is it’s 
simpler to be used since it’s proportionately unconvincing on theoretical premises 
(Hambleton & Jones, 1993).  
 
Although CTT has its own benefits in test efforts, it is considered as sample dependent for 
certain parameters such as item difficulty and item discrimination (Awopeju & Afolabi, 
2016). This is due to CTT being unable to distinguish a test which focuses on analyzing a 
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participant’s proficiency performance level due to the insufficient information related to 
how they respond on specific items within a single test tool (Hambleton et al., 1991). 
Despites such disadvantages, CTT is still able to evaluate “data quality and evaluation on 
scale, scaling assumptions, and reliability” (Cronbach, 1951; Petrillo et al., 2015), uses a 
smaller sample size, simple statistical formula, easy to understand, and does not require a 
high goodness of fit.  
 
Item Response Theory  
IRT is used to deal with a latent trait (e.g. competence) which is related to a set of items 
(Muñiz et al., 2008). In managing employees in the organization, assessment is an intrinsic 
function of the HR department to measure employee performance or competencies 
comprising a set of knowledge, skills, and abilities to perform at the workplace. To calculate 
the total score, a scholar needs to know whether the test items are sufficiently developed to 
measure certain aspects of the employee competencies. As mentioned by Boyatzis & 
Boyatzis (2008), “competence is a complex variable with the combination of knowledge, 
skills, and abilities that must be performed by an employee”. IRT is the relationship between 
items in the measurement instrument with the respondent’s ability to perform a specific 
competency (Reckase, 1979). IRT is used to deal with a latent trait (e.g. competence) which 
is related to a set of items (Muñiz et al., 2008). In managing employees in the organization, 
assessment is an intrinsic part of the HR department to measure employee performance or 
competencies which consists of a set of knowledge, skills, and abilities to perform at the 
workplace.  
 
Regarding an institutional or organizational testing system, the IRT can be an alternative to 
CTT. Previously many researchers in the management field used this test to measure 
employee performance. However, the use of IRT is still limited in the social sciences (e.g. 
TVET teacher education) which requires more research attention. The results depend on the 
ability of the respondents to answer the related items with positive results or positively 
skewed, meaning that those respondents are competent and vice versa. A previous study 
(Huang et al., 2013) has noted that to assess test quality in the measurement instruments, 
it’s important to deal with item analysis. In conclusion, they agreed that from these two 
theories, IRT is more practical compared to CTT. As for the researchers’ guidelines, 
justification to choose the best tool to deal with the psychometric properties must depend 
on the objective of the study. In a high stakes situation, such as the development of an 
instrument to measure employee competencies, psychometric evaluation such as IRT should 
be considered. 
 
As summarized by Hambleton & Jones (1993), there are eight diagnoses which can be 
differentiated between CTT and IRT as in Table 3. Although IRT may not be able to meet the 
test data, the models are more suitable to explain the “preciseness” with it involving an 
instrument development and validation. 
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Table 3. Main Comparison between CTT and IRT 

(Hambleton & Jones, 1993, p.43) 
 
In addition, the author also provides an explanation on the differences in instrument 
development as in Table 4. 
 
 

 

 

Theory/Characteristics CTT IRT 

Model Linear X = T + E Non – Linear 

Level Test  Item  

Measurement Error  Error (E) = X - T Error = Observation response 
-Response predicted (Error = 
response received - 
prediction response) 

Interpretation of score X + SEM Error = Observation response 
– Response Rasch: logits ± 
residual TRI: 0 ± error Score 
shows the probability of 
giving feedback (answer) 
correctly for something 
latent in the model item 

Relationship  Not specified 
 

Item characteristics curve 
(ICC) 

Ability  Test score (actual predicted 
score  
reported 
on a scoring test scale) 

The score ability is reported 
on a scale 
- oo to + oo 

Innovation in 
measurement and 
evaluation of 
education. 

 
No - item parameter 
and the individual parameter 
is 
reliant on each other 

Yes - item and individual 
parameters are 
free or non-dependent on 
samples 
if the model is suitable for 
research data 

Sample size Generally, between 200 
to 500 

Depending on the IRT model 
used but does not require a 
big sample  

Strength  Weak (easy to 
meet the data requirements 
of test) 

Has the strength (more 
difficult to meet the 
requirements of test data). 
Unidimensional (depends on 
items or number of latent 
traits required for achieving 
the items on the degree of 
abilities)  
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Table 4. Comparison of Instrument Development between CTT and IRT 

Area CTT IRT 

Item analysis • Specific item 
parameters from simple 
mathematical techniques 
and moderate sample size  
 

• Using statistical 
indicator to delete the 
items 

• Invariant item 
parameters using complex 
mathematical approach 
and higher sample size. 

• Using goodness of 
fit to identify the misfit item  

Item selection  • Through item 
difficulty and item 
discrimination  
 
 

• Item difficulty 
depends on the study 
context  

• Item selection 
depends on how the item 
measures the construct  
 

• Permits the 
developer to set up the item 
in the measurement 
instrument to measure the 
study content  

     (Source: Hambleton & Jones, 1993, p.44-45) 
 
Rasch Measurement Model Diagnosis 
IRT can be divided into three categories namely 1-parameter logistic (1PL), 2-parameter 
logistic (2PL), and 3-parameter logistic (3PL) models. 1PL “Rasch Measurement Models” 
(named after Danish mathematician Georg Rasch) and 2PL models are commonly applied in 
the development of measurement instruments. There are a few diagnoses in RMM to prove 
the validity and reliability of the competency measurement instrument such as Person and 
Item Separation Index, Item Polarity, Fit Statistics, Item Dimensionality, Standardized 
Residual Correlation, and Differential Item Functioning (DIF). 
 
Person and Item Separation Index 
RMM analysis diagnosis is able to produce a person and item separation index. The person 
separation index shows the number of strata identified in the sample group, for instance 
employees in the organization. Meanwhile, the item separation index shows the separation 
of the item difficulty level in the measurement instrument. The values for both person 
separation and item separation indices are considered as good if they are more than 2 
(Linacre, 2004). For reliability measures, a value of more than 0.8 is considered as high 
whereas a value of less than 0.6 is not acceptable for reliability (Bond & Fox, 2015). As an 
example, if the item separation index is 2.01, it shows that the items can be represented into 
two groups of item reliability.  
 
Item Polarity 
Polarity item diagnosis by the PTMEA correlation value determines whether all items in the 
measurement instrument are moving in the same direction for specific constructs. When all 
of the constructs have positive correlation coefficient values, this shows that the ability of 
the items to measure all competency elements in the measurement framework is valid (Bond 
& Fox, 2007). For instance, if all of the constructs in the measurement instrument show a 
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positive correlation coefficient, the item’s ability to measure the employee competencies is 
valid. 
 
Fit Statistics 
RMM fit statistics diagnosis shows how well the items fit the model. Infit and Outfit Mean 
Square (MNSQ) is used to measure whether particular items are fit to measure the 
competency constructs. According to (Bond & Fox, 2015), both values should be in the range 
of 0.7 to 1.33 for the items to be considered as suitable to measure the intended constructs. 
However, the value of outfit index MNSQ must be used first compared to the value of infit 
MNSQ for checking the congruity of items to measure the constructs (Sumintono, 2018). A 
value of more than 1.33 shows that the items are confusing and if it is less than 0.7 logit, this 
shows that it is too easy for the respondents (Linacre, 2007). In addition, the outfit and infit 
ZSTD values should be in the range of -2.00 to +2.00 (Bond & Fox, 2015). If the outfit and infit 
MNSQ values can be accepted, then the ZSTD diagnosis can be ignored (Linacre, 2007). Items 
should be removed or refined if they do not meet the criteria.  
 
Item Dimensionality 
Item Dimensionality is vital in determining whether an instrument is measuring the same or 
one direction following the focus of the study i.e. employee competencies. If the instrument 
does not measure what it is supposed to measure, different results and overall outcome may 
be produced. According to (Aziz et al., 2013), results for this diagnosis require at least 40% 
of raw variance explained by the measurement to be considered as an indicator of or to be 
defined as good unidimensionality. For the unexplained raw variance in 1st contrast values 
far from 15% (less than 15%) mean that it is good, and still far away from a standard value 
which is 15%. 
 
Standardized Residual Correlation 
The purpose of diagnosing the standardized residual correlations is to identify whether the 
item overlaps with other items or not. If the value of the residual correlation is high for two 
items in the same construct, this shows that the items are overlapped. In that situation, 
Linacre (2012 mentioned that if the correlation value is more than 0.70, this shows that one 
item needs to be retained and the other item has to be removed. It is important for the 
purpose of measurement to ensure that there are no different items that bring the same 
meaning. 
 
Differential Item Functioning (DIF) 
Differential Item Functioning (DIF) diagnosis is conducted to strengthen an instrument’s 
psychometric evaluation. The major purpose is to check whether there are items in the 
measurement instrument biases, for instance in the aspects of gender. Based on the results, 
if the critical t value (cut-off point) is in the range of +2.0 > t > -2.0 and +0.5 > DIF contrast > 
-0.5 at 95% confidence level, items with DIF contrast values outside the range of > +0.5 or < 
-0.5 need to be revised after considering the t value. Any item which violates the DIR 
requirement should be removed or revised following the measurement context and 
literature support. Further, the criteria for instrument reliability and validity are summarized 
in Table 5. 
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Table 5. Criteria for Validity and Reliability 

Criteria Diagnosis Range 

Reliability 
 

Item reliability Value of item reliability > 
0.8 

Item separation index Value of separation index > 
2.0 

Person reliability Value of person reliability > 
0.8 

Person separation index Value of person separation 
index > 2.0 

Validity  
 

Item Polarity PTMEA CORR > 0.3 

Item Fit MNSQ infit outfit in range 
of between 0.6–1.4 

Item Dimensionality Standardized residual 
variance > 40%, 
Unexplained variance in 1st 
contrast < 15%, Eigenvalue 
< 5 

Item calibration Structure calibration range 
1.4 < SC < 5 

Differential Item  
Functioning (DIF) 

Critical t value range +2.0 > 
t > -2.0 and +0.5 > DIF 
contrast > -0.5 at 95% 
confidence level 

Standardized residual 
correlation 

Value of residual 
correlation 

 
Conclusion  
This article has discussed the metaphor ‘instrument using RMM’ to highlight the application 
of RMM toward developing a measurement instrument. RMM has significantly guided 
previous social science researchers to develop tools for measurement. The framework of 
RMM offers processes for developing social science measurement instruments and 
compiling psychometric properties including validity and reliability evidence. This analysis 
tool enables researchers to make corrections when they are using test scores from survey 
data. In addition, it offers other diagnoses such as Person and Item Separation Index, Item 
Polarity, Fit Statistics, Item Dimensionality, Standardized Residual Correlation, and 
Differential Item Functioning (DIF) to provide comprehensive results especially on the 
measurement items. The best aspect of using RMM is that it helps to explain to the 
researcher the context of the study measure from the instrument’s item. 
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