Received: 6 November 2023

Accepted: 18 December 2023

DOI: 10.1002/1i02.1208

REVIEW

Laryngoscope

A scoping review of Rasch analysis and item response theory
in otolaryngology: Implications and future possibilities

David T. Liu MD, PhD1® |

1Department of Otorhinolaryngology, Head
and Neck Surgery, Medical University of
Vienna, Vienna, Austria

2Department of Otolaryngology—Head and
Neck Surgery, University of Cincinnati College
of Medicine, Cincinnati, Ohio, USA

Correspondence

David T. Liu, Department of Otolaryngology—
Head and Neck Surgery, Medical University of
Vienna/Vienna General Hospital, Waehringer

Guertel 18-20, 1090 Vienna, Austria.

Email: david.liu@meduniwien.ac.at

Christian A. Mueller MD1® |
Ahmad R. Sedaghat MD, PhD?

Abstract

Objective: Item response theory (IRT) is a methodological approach to studying the
psychometric performance of outcome measures. This study aims to determine and
summarize the use of IRT in otolaryngological scientific literature.

Methods: A systematic search of the Medline, Embase, and the Cochrane Library
databases was performed for original English-language published studies indexed up
to January 28, 2023, per the following search strategy: (“item response theory” OR
“irt” OR “rasch” OR “latent trait theory” OR “modern mental test theory”) AND
(“ent” OR “otorhinolaryngology” OR “ear” OR “nose” OR “throat” OR “otology” OR
“audiology” OR “rhinology” OR “laryngology” OR “neurotology” OR “facial plastic
surgery”).

Results: Fifty-five studies were included in this review. IRT was used across all sub-
specialties in otolaryngology, and most studies utilizing IRT methodology were pub-
lished within the last decade. Most studies analyzed polytomous response data, and
the most commonly used IRT models were the partial credit and the rating scale
model. There was considerable heterogeneity in reporting the main assumptions and
results of IRT.

Conclusion: IRT is increasingly being used in the otolaryngological scientific litera-
ture. In the otolaryngology literature, IRT is most frequently used in the study of
patient-reported outcome measures and many different IRT-based methods have
been used. Future IRT-based outcome studies, using standardized reporting guide-
lines, might improve otolaryngology-outcome research sustainably by improving
response rates and reducing patient response burden.

Level of evidence: 2.
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1 | INTRODUCTION

Over the last few decades, patient-reported outcomes (PROs) have
become fundamental not only in research but also during clinical practice,
as they directly involve patients in the care they receive.*? Although
there is an expanding prominence and growing use of PROs in clinical
practice globally, there is evidence of performance-related issues during
the development of many measurement tools.>* The use of PROs of
high quality is also a vital pillar of any clinical outcome research.>® The
quality of these instruments is largely determined by their psychometric/
measurement properties, such as reliability (i.e., consistency between dif-
ferent measurments/observations) and validity (i.e., measuring the con-
struct that the instrument is intended to measure). The importance of
robust psychometric properties of existing PROs is further highlighted,
as studies have shown that those with very poor or unknown measure-
ment properties might overestimate treatment effects, significantly nega-
tively affecting clinical outcome research.*

Traditionally, the development and refinement of PROs and the
evaluation of their psychometric properties have been done using
methods derived from a psychometric approach called “Classical Test
Theory” (CTT).” CTT assumes that a test subject's total score equals
the true score plus a random measurement error, with the true score
being immeasurable.® The results of CTT analytical methods depend
upon on total test scores and the group (e.g., cohort of patients/test
subjects) in which those test scores were determined.” Well-known
measures of CTT include Cronbach's alpha, Pearson Correlation Coef-
ficient for reliability measures, stepwise regression, or factor analy-
sis.1® Although methods of CTT are established and remain the
dominant paradigm, a new group of mathematical models, including
Item Response Theory (IRT, also called modern or latent test

111716 and Rasch analysis (RA),'” have gained increasing popu-

theory,
larity in clinical outcome research due to their methodological advan-
tages over CTT. Because IRT and RA assess the relationship of
individual items of a PRO to the underlying construct being measured
(e.g., ability or health-related quality of life), both models offer great
detail about the information each item contributes. This information is
critical during PRO refinement. Another advantage of IRT over CTT
is that IRT-derived PRO performance metrics are constant from one
population to the next, whereas in CTT they are sample-dependent.®

Despite the increasingly recognized importance of IRT and RA in
PRO validation throughout the biomedical literature, the utilization of
IRT and RA as complementary approaches to CTT is unclear as it
relates to PROs described in the otolaryngology literature.® In this
study, we sought to identify and summarize the studies in the field of
otolaryngology that used IRT and RA methodology using a systematic
approach. We used this information to gain a clear and comprehen-
sive overview of available evidence on novel test methods in otolar-
yngology outcome research. We believe the results of this study will
serve in several important capacities: (1) to inform the field of otolar-
yngology about IRT, (2) to provide a contemporary accounting of how
IRT has been used in otolaryngology PROMs to date, and (3) to inform
future studies and improve methodological approaches to otolaryn-
gology outcome research.

2 | METHODS

21 | Search strategy

We performed a systematic review according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.?” Two independent reviewers (D.T.L. and
AR.S.) searched Medline, Embase, and the Cochrane Library on item
response theory in otolaryngology literature. The search strategy
included a combination of keywords for the following two concepts:
item response theory and otolaryngology. We searched databases
mentioned above from inception to January 28, 2023, for the follow-
ing search terms: (item response theory OR irt OR rasch OR latent
trait theory OR modern mental test theory) AND (ent OR otorhino-
laryngology OR ear OR nose OR throat OR otology OR audiology
OR rhinology OR laryngology OR neurotology OR facial plastic
surgery).

2.2 | Selection criteria

Studies should have the following criteria to be eligible for this sys-
tematic review: (i) original article, (ii) English language, (iii) use of IRT
methodology, and (iv) content related to otolaryngology literature.
We excluded short reports and communications from the final qualita-

tive synthesis.

2.3 | Data extraction

Following inclusion and full-text review, two reviewers (D.T.L. and
AR.S.) independently extracted the following information when avail-
able: author, year of publication, IRT model used, software used for
IRT analysis, study design (i.e., quantitative or mixed methods study),
reporting goodness of fit testing, reporting individual item parameters,
assessment of local independence, assessment of unidimensionality,
confirmatory factors analysis (CFA) used on data, sample size,
response type (i.e., dichotomous or polytomous), type of data
(i.e., ability, attitude, appearance, performance, Qol), rational for using

IRT, content area, sample location, and scales used.

3 | RESULTS

3.1 | Search and study characteristics

The initial screening process returned 660 citations, from which we
removed 198 due to duplicate results. We screened titles and
abstracts of 462 articles and included 76 articles for full-text review
(Figure 1). Finally, 55 articles met our inclusion criteria and were
included in the review (Table 1). All studies were original articles and
used IRT methodology in otolaryngology literature. Included studies
were published between 1988 and 2022.
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3.2 | Sample size and participant locations subspecialties. Within the last 5 years (2017-2022), 35 publications

The sample size of participants included in all studies ranged from 40 to
13,273 (median: 309, IQR = 383.3). IRT methodology was used on
patients and participants recruited from almost all continents (Figure 2).

3.3 | Which otolaryngology subspecialties are
using IRT methods?

IRT models were used across all subspecialties in otolaryngology.
Eighteen studies were related to otology/neurotology/audiology
(32.7%), followed by 13 in facial plastics (23.6%), 12 in the field of rhi-
nology (21.8%), five studies in laryngology (9.1%), four in head and
neck surgery (7.3%), and three in pediatric otolaryngology (5.5%).

3.4 | Increasing popularity of IRT methods in
otolaryngology

Although IRT methodology was first used in otolaryngology literature
in 1988, it was not until 2012 that IRT was used across all

were using IRT methodology, and in the previous 10 years (2012-
2022), there were 50 articles, which gives an average of 5 articles per
year, respectively, although there appears to be increasing utilization
of IRT in recent years (Figure 3).

3.5 | Popular models and theoretical approaches

Eighteen studies (32.7%) mentioned “Rasch analysis/model” or “Rasch
measurement theory”, followed by the partial credit model (n = 11,
20%), the rating scale model (n = 10, 18.2%), the graded response
model/GRM (n =9, 16.4%), and the two-parameter logistic model
(2PL), which was used in four studies (7.3%). The Bayesian IRT model,
the Mokken scale analysis, and the dichotomous logistic model were
used once each (1.8% each) (Table 2).

3.6 | Popular software used for IRT methodology

The statistical software used for IRT analysis was reported in all stud-

ies. The most popular software was RUMM2030®2° used in
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Created with mapchart.net

FIGURE 2 World map highlighting countries (dark gray area) from which study participants were recruited for IRT analyses (Mapchart.net).

IRT, item response theory.
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FIGURE 3 Number of studies using IRT in otolaryngology
literature sorted by year. IRT, item response theory.

17 studies (52.7%), followed by the Winsteps®21 software, used in
12 studies (21.8%). R®222% was used in nine studies (16.4%), followed
by four studies that used STATA®?# (7.3%).

One study used both SAS®?> and M-PLUS® 2¢ whereas another
one used a combination of SAS® and R®.222% Another study used
both the BICAL®?” and DIGRAM® software.?® ACER ConQuest®,?’
IRTPRO®*° Jmetric® 3! OPLM®,*2 and Python®3® were each used
once (1.8% each).

3.7 | Response format and data types analyzed

Most studies analyzed polytomous data (n = 49, 89.1%), whereas only
six studies (10.9%) evaluated dichotomous data. Regarding data type,

39 studies analyzed one data type (70.9%), whereas 16 studies
(29.1%) analyzed more than one data type. The most common data
type in those studies that only used one data type was: quality of life
(n = 19, 34.6%), followed by performance data (i.e., speech perception
skills, balance assessment, functional gait abilities) analyzed in 17 stud-
ies (30.9%), attitude data in 2 studies (5.1%), and data related to effort
in one study (2.6%). Regarding study design, 22 studies (40%) used a
mixed-methods approach, whereas 33 studies (60%) were conducted

based on a quantitative study design.

3.8 | Basic IRT assumptions
Studies using traditional IRT methods follow basic assumptions, such
as (i) unidimensionality of the measured trait/outcome (i.e., that the
items only measure one dominant latent trait) and (ii) local indepen-
dence of analyzed items (i.e., responses from participants are not sta-
tistically related to each other, while controlling for the latent trait).
Previous studies recommended evaluating those basic assumptions
before using IRT-based methods.**~1518

In our study, we found that 30 (54.5%) reported the evaluation of
unidimensionality, whereas 29 (52.7%) reported assessing checks on
local independence. Eighteen studies (32.7%) reported assessing both
unidimensionality and local independence. Regarding other IRT-
related variables, 47 studies (85.5%) reported goodness-of-fit statis-
tics, 15 studies (27.3%) also incorporated CFA during their analysis,
and 6 studies (10.9%) reported assessing multiple IRT models for the
best-fitting model.


http://mapchart.net
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TABLE 2 IRT models used in otolaryngological literature.
Number of studies Sample size (range) Mean/median SD IQR

Partial credit model 11 86-960 379.5/330 268.8 357
Rating scale model 10 100-636 246.4/162.5 173 254.7
Graded response model 9 66-1730 507.8/223.0 530.4 607
Two-parameter logistic model 4 302-1173 656.3/575.0 369.1 672.2
Bayesian IRT model 1 13,273 - - -
Mokken analysis 1 1035 - - -
Dichotomous logistic model 1 530 - - -

Abbreviations: IQR, interquartile range; SD, standard deviation.

4 | DISCUSSION

Patients' perspectives on their own health and health care have
become increasingly important in recent years, leading to the wide-
spread use of PROMs in clinical practice.! However, the quality of
these PROs can vary greatly, with many lacking strong psychometric
properties.* To address this issue, new test methods such as IRT and
RA have emerged, offering significant advantages over traditional CTT
methods for evaluating psychometric properties.'® In otolaryngology,
the use of IRT and RA has become particularly important, providing
valuable insights into research results. To date, however, no study has
comprehensively evaluated the use of IRT methodology in the otolar-
yngology scientific literature. In this study, we have synthesized origi-
nal contributions in otolaryngology literature that used modern test
theory for statistical analyses. We discovered that IRT methodology
had been used globally and across all subspecialties of ENT, with a sig-
nificant increase in the last two decades. Moreover, we found that the
most common data type analyzed using IRT methodology was Qol-
related and that the most common item response was polytomous.
Furthermore, we found that commercial software such as
RUMM2030® or Winsteps®, as well as open-source software such as
R®, has made implementation of modern test theory more accessible
to researchers. Although these results will hopefully serve to motivate
and direct future use of IRT in otolaryngology, we note that there is
still room for more consistent reporting of IRT-model assumptions.

In the 1970s, IRT became prominent for its use in education, cre-
ating standardized tests.3* Since then, it has become indispensable for
developing, evaluating, and scoring psychology tests. Not surprisingly,
IRT has become a cornerstone in the development of clinical assess-
ment tools as healthcare providers prioritize patient-centered care,
especially as the need for accurate and reliable data from PROMs has

become increasingly important.*®

Considering the widespread use of
IRT methodology in the biomedical sciences it is essential to better
understand their utilization in the otolaryngology literature. Gathering
information on how these new testing methods are being used might
provide valuable insights into interpreting research results. This, in
turn, may inform future studies and motivate use of IRT methods
in otolaryngology research.

There are various software programs available for conducting IRT

analyses, including commercial and dedicated software packages such

as Winsteps®, RUMM 2030%, M-PLUS®, BICAL®, and DIGRAM®. In
addition, IRT can also be conducted using the nonspecific open-
source packages of the programming language R®. In the otolaryngol-
ogy literature, we found that RUMM2030® and Winsteps® were the
most commonly used software for IRT analyses. One possible expla-
nation for this could be the user-friendly and dedicated interface of
both RUMM2030® and Winsteps®, which make them easier to use
compared to the nonspecific interfaces of R® or STATA®.

Researchers, and test- and PROM-developers widely use IRT and
Rasch models to explore the connection between an individual's abil-
ity level and their responses to specific items on a given scale.?"1¢
These models offer valuable insights into human behavior and perfor-
mance by analyzing the likelihood of certain responses based on latent
traits, providing significant benefits for unlocking new insights and
achieving better outcomes. Depending on several factors, such as the
response format (i.e., dichotomous or polytomous answers), various
IRT models can be used. Additionally, it is important to evaluate
whether the discrimination parameter can be consistently applied
across all items and whether guessing is a potential variable. Further-
more, it is necessary to determine if different categorical response
parameters must be estimated for each item on the scale. A thorough
examination of these aspects is imperative before making an informed
decision. For dichotomous item responses, the simplest model is the
1-parameter logistic (1PL), followed by the 2-parameter logistic (2PL)
and 3-parameter logistic (3PL) models. Rasch model and the 1PL are
often used interchangeably, as the results from both models are nearly
identical. However, the algorithm is slightly different (for an in over-
view on this topic, see reference 35). Other IRT models exist for poly-
tomous responses, such as the GRM,®® partial credit, or rating scale
models. In this study, we found that the partial credit, the rating scale,
and the GRM were the most popular among otolaryngology studies
using IRT methodology. This was not surprising, as QoL measures are
usually assessed based on polytomous answer options. Our findings
underscore the importance of understanding how to interpret out-
come data from different models.

After selecting the appropriate IRT model for the data analysis,
testing for goodness of fit is essential. Although there is currently no
general agreement on assessing model-data fit, various methods have
been used, such as evaluating a model's relative fit based on informa-

tion criteria or comparing different models.'® In this review, we found
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that most studies provided model-data fit information. It is crucial to
note that, as with other statistical tests, IRT methodology also has cer-
tain assumptions that need to be taken into consideration and
reported during the analysis: (i) local independence (i.e., items should
not be related to each other except for measuring the same trait),
(i) unidimensionality (i.e., all items are measuring the same
trait), (iii) monotonicity (i.e., as the trait level increases, the likelihood
of providing a correct response also increases), and (iv) invariance
(i.e., item parameters are independent of the population measured). In
our analysis, we found that more than half of the included studies
reported testing for unidimensionality and local independence. How-
ever, only 19/55 articles reported testing both assumptions. Our find-
ings are encouraging in that within otolaryngology literature using
IRT-based methodology, most studies checked and reported model-
data fit. Interestingly, whereas many studies checked for at least one
underlying assumption of IRT models, only a few conducted tests for
more than one assumption. We believe that our results reinforce the
importance of testing for the main assumptions and reporting the
results to ensure an IRT analysis's accuracy and validity.

One of the main drawbacks of CTT is that it assumes that reliabil-
ity is constant across the measurement scale and assesses reliability
as the sum of items. However, this is not always the case, as
reliability can vary significantly between individual items. On the other
hand, the IRT methodology is based on items rather than summary
scores, providing item-level information, which is especially useful
during the development and refinement of PROMs.

It is interesting to note that IRT methodology was first intro-
duced in 1950. Still, it was not until 1988 that it was reported in oto-

%7 In terms of its use across different

laryngology literature.
subspecialties within ENT, we found that IRT methodology was most
frequently used in the literature related to otology and neurotology,
followed by rhinology and facial plastics, laryngology, pediatric oto-
laryngology, and oncology. It was interesting that IRT was used least
commonly in head and neck surgery, although several explanations
could be posited. For example, head and neck surgical oncology out-
comes may rely most prominently on objective measurements of
cancer size, spread, recurrence and mortality. However, with contin-
ued improvements in survival from head and neck cancer and
increasing focus now on Qol, there may be greater opportunities for
the utilization of IRT in the subspecialty field of head and neck surgi-
cal oncology.

It is worth noting that in the review conducted, nearly half of the
included studies analyzed QolL-related data, followed by performance
and appearance data. This finding is particularly important as it high-
lights the increasing scientific interest in measuring health outcomes
in otolaryngology from the patient's perspective. PROs allow us to
track patients' symptoms and monitor how they evolve, providing
valuable insights into the effectiveness of the healthcare system and
the extent to which it delivers meaningful improvements in patients'
lives. This trend represents a positive development that has the
potential to benefit both patients and healthcare providers

significantly.

5 | CONCLUSION

In this review, we have discussed and explained the different IRT
methodologies. We have shown that IRT has been used across all sub-
specialties of otolaryngology to develop and improve existing PROMS.
We believe that the results of our study may serve to motivate and
direct usage of IRT methods in future studies. In turn, future IRT-
based outcome studies, using standardized reporting guidelines, can
improve otolaryngology-outcome research sustainably by improving

response rates and reducing patient's response burden.
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