Dysphagia (2017) 32:250-260
DOI 10.1007/s00455-016-9754-2

CrossMark

@

ORIGINAL ARTICLE

Evaluating the Psychometric Properties of the Eating Assessment

Tool (EAT-10) Using Rasch Analysis

R. Cordier'?

N. Demir’ - S. Serel Arslan’ - R. Speyer>'*

- A. Joosten! - P. Clavé>* - A. Schindler® - M. Biilow®”® -

Received: 3 May 2016/ Accepted: 18 October 2016/ Published online: 21 November 2016

© Springer Science+Business Media New York 2016

Abstract Early and reliable screening for oropharyngeal
dysphagia (OD) symptoms in at-risk populations is
important and a crucial first stage in effective OD man-
agement. The Eating Assessment Tool (EAT-10) is a
commonly utilized screening and outcome measure. To
date, studies using classic test theory methodologies report
good psychometric properties, but the EAT-10 has not been
evaluated using item response theory (e.g., Rasch analysis).
The aim of this multisite study was to evaluate the internal
consistency and structural validity and conduct a prelimi-
nary investigation of the cross-cultural validity of the EAT-
10; floor and ceiling effects were also checked. Participants
involved 636 patients deemed at risk of OD, from outpa-
tient clinics in Spain, Turkey, Sweden, and Italy. The EAT-
10 and videofluoroscopic and/or fiberoptic endoscopic
evaluation of swallowing were used to confirm OD
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diagnosis. Patients with esophageal dysphagia were
excluded to ensure a homogenous sample. Rasch analysis
was used to investigate person and item fit statistics,
response scale, dimensionality of the scale, differential
item functioning (DIF), and floor and ceiling effect. The
results indicate that the EAT-10 has significant weaknesses
in structural validity and internal consistency. There are
both item redundancy and lack of easy and difficult items.
The thresholds of the rating scale categories were disor-
dered and gender, confirmed OD, and language, and
comorbid diagnosis showed DIF on a number of items. DIF
analysis of language showed preliminary evidence of
problems with cross-cultural validation, and the measure
showed a clear floor effect. The authors recommend
redevelopment of the EAT-10 using Rasch analysis.
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Introduction

Oropharyngeal dysphagia (OD) is an underdiagnosed
swallowing disorder that can cause severe nutritional and
respiratory problems, and it impacts other domains of
patient health [1]. Health consequences can include
increased risk of dehydration, malnutrition, aspiration
pneumonia, and death [2, 3]. OD can also impact upon
domains of patient’s health-related quality of life and well-
being [4]. For example, dysphagia can limit social oppor-
tunities and mealtime pleasures [4], and be associated with
anxiety, distress, and isolation during mealtimes [5]. OD is
a highly prevalent disorder, affecting both the general and
clinical populations [1].

Prevalence data are widely variable within different
clinical groups as well as within the general population. In
the general population, OD prevalence varies between 2.3
and 16 % [6]. Prevalence estimates for selected diagnostic
clinical populations range widely: 8.1-80 % in acute
stroke; 11-60 % in Parkinson’s disease; and approximately
30 % in people with traumatic brain injury [7]. This vari-
ation in the prevalence of OD is due to a range of factors,
including discrepancies in the characteristics of the study
populations or stage of underlying disease progression
between studies, the lack of a universally accepted defini-
tion of dysphagia, and inconsistent use of screening or
assessment tools and outcome measures [7].

Inconsistency in screening and assessment is concern-
ing, as early and reliable screening for OD symptoms in at-
risk populations is a crucial first stage in effective OD
management [8]. Patients that fail screening require further
assessment. Currently, videofluoroscopic (VFS) and/or
fiberoptic endoscopic evaluation of swallowing (FEES) of
swallowing are mooted as the ‘gold-standard’ assessment
of OD [9]. Unfortunately, it is not feasible to perform these
gold standard procedures on all patients at risk for OD,
because they require specific equipment which is not
guaranteed to be available in every healthcare facility [1].

When selecting an appropriate screening measure, it is
important to consider whether the purpose of the measure
fits the context within which it will be used. Screening is
designed to be an initial procedure, utilized to determine
who is eligible for further assessment based on the pres-
ence of markers for a particular condition, disease, or ill-
ness [10]. Depending on the practice context, the degree of
discrimination required at screening level will differ. It is
therefore important that tools are evaluated in regard to the
psychometric properties most essential to their function as
a screening tool, to enable decision-making for diagnostic
use [11].

Evaluation of screening tools should include reference
to sensitivity, specificity, responsiveness, and positive and

negative predictive values. Sensitivity and specificity data
enable consideration of the overall identification accuracy
of an assessment, the ability of an assessment to accurately
diagnose the presence or absence of a condition [11].
Identification accuracy indicates the preciseness of the tool
in making a diagnosis and can therefore be argued to be the
most critical psychometric property when selecting
screening tools [11]. To truly be a quality screening mea-
sure, the screening tool must also have a high rate of
detection for true positives, and low detection rates for
false positives. Evaluation of positive predictive values
determines level of tool accuracy compared with that of the
gold standard in the field [12]: within the context of
screening for OD, the success rate of the selected screening
tool in identifying those who have OD from those who do
not, compared to the use of VFS and FEES.

To effectively screen and diagnose, OD necessitates
health professionals to undergo appropriate training to
ensure the safe and reliable administration of screening
procedures and interpretation of screening results. This is
problematic, particularly in rural and remote health ser-
vices, or in less acute settings such as aged-care facilities.
These services therefore require measures relating to
swallowing that are both valid and reliable and enable
effective clinical management of OD while requiring
minimal resources and training [13]. Consequently, patient
self-evaluation questionnaires could be a viable alternative
for screening patients at risk of OD in practice areas where
resources may be limited. Self-evaluation questionnaires
typically consist of functional health status (FHS) and
health-related quality of life (HR-QoL) components [13].
Key differences in the emphasis of FHS and HR-QoL
instruments exist. FHS is concerned with the influence of a
given disease on particular functional aspects of a patient’s
health, such as the ability to perform tasks in multiple
domains [14, 15]. Quality of life (QoL), defined by World
Health Organization as “...a state of complete physical,
mental and social well-being, not merely the absence of
disease or infirmity,” is increasingly recognized and used
as an outcome measure of effects of medical conditions
[16]. In conceptual models and related instruments, QoL is
commonly operationalized as HR-QoL. HR-QoL refers to
aspects of quality of life that impact an individual’s health,
both physical and mental [17], and is broader in its scope
than FHS.

The process of evaluating such measurement scales is
commonly underpinned by the application of classic test
theory (CTT) or item response theory (IRT) [12]. Both
theories have inherent advantages and disadvantages. CTT
is relatively simple in terms of procedures and interpreta-
tion; however, judgements can only able made on the
performance of the test as a whole and the specific sample
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group it is trialed with. In comparison, IRT assesses the
reliability of each item in terms of its contribution to the
overall construct being measured and is independent from
the testing group. Use of the Rasch measurement model, a
type of IRT model, enables further evaluation of the uni-
dimensionality of the scale in determining if item responses
are indeed measuring a single trait [18].

While the Eating Assessment Tool (EAT-10) was orig-
inally developed to be an outcome measure, the original
authors [19] and other authors [1, 9] subsequently sug-
gested a cut-off score for its use as a screening measure in
clinical settings [19]. It is a self-report measure assessing a
patients’ own evaluation of being at risk for dysphagia by
looking predominantly at FHS, with a few items related to
HR-QoL. Items are scored on a 5-point scale (0 = no
problem to 4 = severe problem), and item scores are
summed to give a possible total score ranging from 0 to 40.
Belafsky et al. [19] first suggested a score of three or more
to be suggestive of a patient being at risk of swallowing
problems and in need of further evaluation.

The literature describes the EAT-10 as a valid, reliable
tool with high internal consistency (Cronbach’s o = 0.96)
and intra-item correlations ranging from 0.72 to 0.91
[1, 19-21]. However, when the psychometric properties of
the EAT-10 were rated against the international standards
for psychometric quality health status measurements [22],
all reported properties were rated as “poor,” with the
authors citing insufficient statistical testing, methodology,
and reporting as cause for concern [13]. Furthermore,
concerns have been raised about the optimal cut-off score
for identifying patients at risk of OD. In evaluating the
identification accuracy of the EAT-10, Rofes et al. [1]
recommend adjusting the normative cut-off score to 2 to
increase sensitivity (0.89), without impacting on specificity
(0.82).

The use of a particular tool to evaluate a patient’s cur-
rent health status when screening for OD can only be
justified if it has demonstrated reliability and validity. Prior
to this study, the psychometric properties of the EAT-10
have consistently been evaluated using CTT, which is
problematic for a number of reasons. The application of
CTT sees the test as the unit of analysis and as such it is
assumed that all items are evaluating the same underlying
characteristic [23]. To date, no robust analysis has been
conducted on the items of EAT-10 to determine whether
the items are reflective of the construct measured, and as
such the saliency of its items is unknown. Furthermore,
being a screener, it is desirable for the EAT-10 to be short
and quick to administer. However, the reliability of results
analyzed using CTT is decreased with a decrease in the
number of test items [23]. Evaluating the psychometric
properties of the EAT-10 through the use of IRT could
address these concerns. In IRT, the item is the unit of
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analysis, which allows for an item-by-item focus for
shorter scales [23]. Through IRT, the fit of each item to the
construct being measured can be determined using more
sophisticated means, and the reliability of results is not
impacted upon by a small numbers of items.

This study aimed to evaluate the reliability, validity, and
identification accuracy of the EAT-10 using Rasch analy-
sis. In particular, we aimed to evaluate the item and person
fit characteristics, the response scale, the dimensionality of
the scale, differential item function, and if the EAT-10
displayed floor and ceiling effects.

Methods
Participants

Six academic hospitals provided retrospective data on
patients at risk for OD. All data were collected consecu-
tively during patients visiting outpatient clinics of dys-
phagia or otorhinolaryngology at the Hacettepe University
(Turkey), Hospital de Mataré (Spain), Sacco Hospital in
Milan (Italy), and Skane University Hospital Malmo
(Sweden). Patients with severe cognitive problems were
excluded. To ensure maximum homogeneity of the sample,
patients with esophageal dysphagia were excluded. Only
those in the clinical population deemed at risk of OD, and
who had received gold standard assessment, consisting of
VES and/or FEES and EAT-10 screening, were included.

Protocol

All patients completed the EAT-10 after which a VFS or
FEES recording of swallowing was performed as part of
standard clinical practice or usual care. The diagnosis of
OD was confirmed or repudiated by an experienced speech
and language pathologist and/or laryngologist based on
VES and/or FEES, gold standards in the diagnosis of OD
[9], that supported the presence of signs such as aspiration,
penetration, and residue. Patient characteristics were col-
lected on both gender and age.

The original version of the EAT-10 by Belafsky et al.
[19] was published in English (see Supplementary File of
the full scale with complete item descriptors). This study
used translations of the EAT-10 into four different lan-
guages: Turkish, Spanish, Italian, and Swedish. The
translated versions were the result of multiple forward and
backward translations. English native speakers were
involved in the process, as well as native speakers for all
languages. Final translations were checked by a team of
clinical experts in the field of dysphagia and trialed by pre-
testing in patients at risk for OD to check the ease of
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comprehension, the interpretation, and cultural relevance
of the EAT-10 items.

Statistical Analysis
Person and Item Fit Statistics

Data were analyzed using Winsteps version 3.92.0 [24]. Fit
statistics were used to identify mis-fitting items and the
pattern of responses for each person to examine whether
the scale was a valid measure of the construct [25]. In this
study, interpretation of fit statistics, reported as logits (log
odd units) indicate whether the items contributed to a
diagnosis of OD and the extent to which the responses of
any one person are reliable [25]. Logits reflect item diffi-
culty with lower items in this measure indicating they were
more likely to contribute to the diagnosis. Ideal fit is
indicated by a MnSq value of 1.0 with an infit and outfit
range of 0.7-1.4 and Z-Standard (Z-STD) score of <2 [18].
Item fit outside the range indicates that the items do not
contribute to the construct, and person fit outside the range
indicates ratings that are too predictable or too erratic [25].
The item reliability index is a measure (0—1) of internal
consistency, and the person reliability index is a measure of
replicability of person placement if given different items
measuring the same construct [25], with values greater than
0.81 indicating good reliability. The person separation
index indicates whether the measure can separate the
people into a number of significantly different levels of the
trait being measured, and at least two levels are desirable.

Response Scale

Responses across rating categories (i.e., 0—4 rating scale
options) were examined for uniform distribution to deter-
mine the extent to which the respondents correctly used the
response scale. Rasch analysis converts the total EAT-10
score to an average measure score for the item category.
Average measure scores (frequency use) are used to reflect
whether the rating scale worked effectively, that is, as the
category goes up so should the average measure score [26].
Category ordering is indicated by monotonic advances in
the average measures. The extent of category disordering is
indicated by fit mean squares 0.7-1.4 and Z-STD score of
<2 indicating that category is providing misinformation,
and consideration should be given to collapsing it with an
adjacent category [25].

Step calibrations or Rasch—Andrich thresholds (where
there is a 50 % chance of an individual being scored in
either category) should progress monotonically to indicate
that there is no overlap in categories and they reflect the
distance between the categories. The average measure
increase should be at least 1.0 logit (on a 5-category scale)

to indicate distinct categories, but an increase of >5.0 logits
would indicate gaps in the variable [26]. Non-uniformity in
responses can also be due to the inclusion of items that do
not measure the construct, or poorly defined scale
categories.

Dimensionality of the Scale

Following examination to identify potentially mis-fitting
persons and items, principal components analysis (PCA) of
residuals using Winsteps 3.92.0 [24] was conducted. In
contrast to traditional factor analysis, Winsteps conducts a
PCA of residuals, not of the original observations [25].
Residuals are the difference between the observed and the
expected measure scores, and rather than show loadings on
one factor which it shows contrasts between opposing
factors [27]. A PCA of residuals looks for patterns in the
unexpected data to see if items group together. In PCA of
residuals, we are trying to falsify the hypothesis that the
residuals are random noise by finding the component that
explains the largest possible amount of variance in the
residuals, expressed as the first contrast (i.e., first PCA
component in the correlation matrix of the residuals) [18].
The Rasch model requires that the scale demonstrates a
single construct or unidimensionality on a hierarchical
continuum [25]. If the first contrast eigenvalue is small
(Iess than 2 item strength), it is usually regarded as noise,
and an eigenvalue of 3 (3 item strength) identifies sys-
tematic variance indicative of a second dimension [18].
The person—item dimensionality map provides a schematic
representation of the alignment between person ability and
item difficulty.

Differential Item Functioning Analysis

Differential item functioning (DIF) analysis is conducted to
examine whether the scale items are used the same way by
all groups. When comparing DIF in dichotomous variables,
the difference in difficulty between two groups should be at
least 0.5 measurement units with a p value <0.05 for DIF
to be detected. When comparing more than two groups, the
y* statistic and p value <0.05 is used [18].

Floor and Ceiling Effects

The EAT-10 was also investigated for floor or ceiling
effects. Floor or ceiling effects are considered to be present
if more than 15 % of respondents achieved the lowest or
highest possible score, respectively [28]. The presence of
floor and ceiling effects are indicative that extreme items
are missing in the lower or upper end of the scale, sug-
gesting limited content validity.
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Table 1 Description of the sample

Country N %o
Spain 381 59.9
Italy 82 12.9
Turkey 90 14.2
Sweden 83 13.1
Total 636 100.0

Confirmation of diagnosis
OD confirmed using gold standard 466 73.3
No-OD confirmed using gold standard 170 26.7
Total 636 100.0

Diagnoses
Cardio vascular accident (CVA) 412 64.8
Neuro-degenerative disorder 90 14.2
Other diagnoses 60 9.4
Elderly 55 8.6
Head and neck cancer 17 2.7
Unknown 2 0.3
Total 636 100

Results

The multisite sample of 636 records from a clinical pop-
ulation at risk of having OD were used to conduct the
analysis; 53.8 % were male and 46.2 % female and the
mean age was 69.9 years (SD % 13.9). Data were missing
for only 27 item scores overall (<0.1 %). Data were drawn
from four countries, and clinical diagnoses and outcome of
gold standard assessment are presented in Table 1.

Rating Scale Validity

The EAT-10 is a 5-point rating scale and examination
revealed that the as the category order increased (i.e., 0
through to 4), so did the average measure scores increase
monotonically, and all were within an acceptable range
resulting in five distinct and correctly ordered categories
(see Table 2). Goodness of fit statistics were all accept-
able (MnSq = 0.7-1.4) showing acceptable fit to the
model; however, the majority of the scores (60 %) were 0O

Table 2 Category order

(no problem) which suggests that there were not enough
difficult items. Examination of the Rasch—Andrich thresh-
olds (see Table 2) revealed disordered thresholds with the
threshold for categories 0—1 (none—5.58) and 1-2 (5.58 to
—7.32) advancing by >5 logits and the threshold for cat-
egory 3—4 advancing by <1.0. These findings would indi-
cate that consideration should be given to collapsing
categories 0 and 1 and of categories 3 and 4, where after
rating scale use should be reexamined.

Person and Item Fit Statistics

The summary fit statistics for item and person ability
demonstrated good fit to the model based on both infir and
outfit statistics with a good reliability estimate (0.98) for
items and are presented in Table 3. The person reliability
measure was low (0.55) with a low person separation index
of 1.11 rather than the required minimum of two levels.
This indicates that the persons were not reliably separated
into distinct groups based on a strata of ability. Principal
component analysis of residuals revealed 264 (42 %) of
people had mis-fitting MnSq outfit scores (n = 91 > 1.4;
n =173 <0.7) indicating problems with internal
consistency.

Item fit statistics are provided in Table 4. All items had
an infit MnSq in the desired range (0.07-1.4); however,
mis-fitting infit Z-STD scores > 42 for item 1 (lose
weight), item 4 (solids effort), item 6 (painful), item 7
(pleasure eating (negative direction), and item 9 (cough)
are of particular concern because they indicate more vari-
ation than modeled. Item 9 (cough) was the only outfit
MnSq (1.48) that was mis-fitting, but the outfir standardized
(t-statistic) for item 4 (solids effort-negative direction),
item 7 (pleasure eat, negative direction), item 9 (cough),
and item 10 (stressful-negative direction); all had Z-STD
scores >2 (which is of greater concern than fit <0.07) and
reflect more variation than modeled. Infit statistics provide
more insight into how the items perform because outfit
statistics are sensitive to outlying scores [25]. The negative
directions (items 4, 7, and 10) indicate that the items do not
contribute to the overall construct.

Category N % Average measures Infit Outfit Andrich thresholds
MnSq MnSq

0 3787 60 —11.12 1.07 1.11 None

1 551 9 —6.70 1.01 1.02 5.58

2 715 11 —-3.22 0.93 0.77 —7.32

3 561 9 0.59 1.00 0.97 1.23

4 719 11 4.90 0.98 1.01 0.51
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Table 3 Item and person summary statistics
Reliability Separation Mean Model Infit Outfit
Measure SE MnSq Z-STD MnSq Z-STD

Item 0.98 7.50 50.00 0.43 1.03 0.1 0.98 —-0.4
Person 0.55 1.11 38.48 6.70 0.98 0.0 0.99 0.1
Table 4 Individual item fit statistics and principal component analysis
# Item Mean Model Infit Outfit PCA

Measure SE MnSq Z-STD MnSq Z-STD Factor loading
1 Lose weight 51.83 0.43 1.21 3.0 1.12 1.1 —0.40
2 Go out meals 49.16 0.41 0.99 —0.1 0.84 —-1.7 —0.51
3 Liquids effort 47.86 0.40 0.99 —0.1 0.95 —0.5 —0.46
4 Solids effort 46.83 0.40 0.77 —4.1 0.72 -3.5 0.04
5 Pills effort 48.79 0.41 1.06 1.0 1.13 1.4 -0.19
6 Painful 58.96 0.59 1.26 24 1.19 1.1 0.53
7 Pleasure eat 49.21 0.41 0.84 —2.8 0.72 -3.1 —0.11
8 Stick throat 48.19 0.40 0.90 —-1.7 0.91 -1.0 0.68
9 Cough 46.99 0.40 1.25 38 1.48 4.8 0.14
10 Stressful 52.18 0.44 0.98 —-0.2 0.77 -2.1 0.42

PCA principal component analysis

Dimensionality

The Rasch dimension explained 48.3 % of the variance in
the data, and >40 % is considered a strong measurement of
dimension [18]. However, there was more unexplained
variance (51.7 %) than explained. Of the 48.3 % explained
variance, the item measures (34.3 %) explain more of the
variance than the person measures (14.1 %). The raw
variance explained by the items was more than four times
the variance explained by the first contrast (8.4 %). The
total raw unexplained variance (51.7 %) had an eigenvalue
of 10, but the eigenvalue of first contrast was 1.62 which is
less than the value (2 units) that would be required to
indicate a second dimension. This indicates that the
unexplained variance is too random to form a second
dimension, but rather indicates that there are a number of
items that do not contribute to the model (see Table 5).

Table 5 Standardized residual variance

The principal component analysis (PCA) in Table 4
indicates that the items: swallowing solids (4) and pills (5)
are an effort, pleasure to eat is affected (7), and cough
when eating (9) showed very low loading. As presented in
Fig. 1, the person—item dimensionality map shows that
there are not enough easy and difficult items and that most
people are not aligned with the items. Furthermore item
redundancy is evident with several items aligning at the
same level of person ability. For example, as can be seen in
Fig. 1, many items are on the same level of difficulty for
the items: go out meals, pills effort, and pleasure eat.

Differential Item Functioning (DIF)
The DIF analysis enabled examination of potential con-

trasting item-by-item profiles associated with: having or
not having a diagnosis of OD; language; gender; and

Variance Eigenvalue Observed (%) Expected (%)
Total raw variance in observations 19.35 100.0 100.0
Raw variance explained by measures 9.35 48.3 48.8
Raw variance explained by persons 2.72 14.1 14.2
Raw variance explained by items 6.63 343 34.6
Raw unexplained variance (total) 10.00 51.7 51.2
Unexplained variance in 1st contrast 1.62 8.4 16.2
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Fig. 1 Person—item dimensionality map. Note EACH “#” = 14: EACH “.” =1 to 13

diagnoses (other than OD). The summary of the DIF  language; items 2, 5, 6, and 7 on gender, and items 1, 3, 9,
analysis is presented in Table 6 and revealed significantly ~ and 10 on diagnoses (other than OD). These results indicate
different responses on items 1, 7, and 10 based on OD that there was item bias which meant that the hierarchy of
versus no-OD; items 2, 3, 6, 7, 9, and 10 based on the items varied across samples.
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Table 6 Summary DIF analysis

Items Gender OD vs. No-OD Diagnostic categories Language
DIF Mantel-Haenszel DIF Mantel-Haenszel Summary Probability Summary Probability
contrast  probability contrast  probability DIF > DIF >

1. Lose —1.22 0.3445 —4.64 0.0216* 0.0216 0.0144* 5.450 0.1408
weight

2. Go out —-1.73 0.0047%* -3.15 0.1654 0.1654 0.2202 10.670 0.0135%*
meals

3. Liquids 0.00 0.5022 —2.26 0.1540 0.1540 0.0026* 13.118 0.0043%*
effort

4. Solids 0.00 0.5728 —-1.02 0.5347 0.5347 0.7005 5.952 0.1132
effort

5. Pills effort ~ 1.50 0.0312%* 0.80 0.4638 0.4638 0.7925 3.983 0.2621

6. Painful 4.06 0.0264* 2.02 0.7918 0.7918 0.6244 11.550 0.0090%*

7. Pleasure —2.30 0.0085%* 1.76 0.0305%* 0.0305 0.7707 15.822 0.0012%*
eat

8. Stick throat ~ 0.71 0.6410 1.35 0.1620 0.1620 0.7721 4.104 0.2493

9. Cough 0.00 0.8646 0.98 0.3920 0.3920 0.0044* 26.577 <0.0001*

10. Stressful 1.10 0.1551 3.66 0.0035%* 0.0035 0.0414* 47.174 <0.0001*

DF =1

*p <0.05

Floor and Ceiling Effect Discussion

As there are 10 items with a minimum possible score of 0,
and a maximum possible score of 4, the lowest possible
sum of scores is 0 and the highest possible sum of scores is
40. Nearly 23 % (n = 146) of the 636 participants
achieved the lowest possible score and 0.47 % (n = 3)
achieved the highest possible score of 40. The findings
demonstrate that more than 15 % of respondents achieved
the lowest possible scores therefore indicating that the
EAT-10 has floor effects (i.e., too many respondents
achieved a total score of 0), but not ceiling effects. Figure 2
shows the spread of total item scores.

We set out to evaluate the psychometric properties of
the EAT-10 using Rasch analysis (IRT). The overall
item reliability of the EAT-10 is good, and the overall
item and person infit and outfit statistics were within
acceptable parameters. However, the person reliability,
an IRT equivalent for internal consistency (Cronbach’s
alpha), was poor. Furthermore, the person separation
index was below the required parameter (<2), indicating
the EAT-10 performs poorly in separating patients with
different levels of swallowing problems into distinct
groups.

Floor and Celing Effect
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10.0%

0123456
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Fig. 2 Floor and ceiling effect
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At an individual item level, the MnSq fit statistics were
mostly within parameters with the exception of cough
when eating (9); however, the Z-STD fit statistics for six of
the items were outside the expected parameters. The
dimensionality parameters indicated that the EAT-10 does
not have a second dimension (thus is unidimensional), as
such the unexplained variance is indicative of items not
contributing toward the overall construct, rather than
multidimensionality. Furthermore, a principal component
analysis, equivalent to factor analysis, revealed that four
items showed very low loading, which is indicative they do
not contribute to the overall construct. Collectively on an
item level, these findings indicate that several items are
mis-fitting and that at least four of the ten items do not
contribute toward the overall construct being measured.

An evaluation of the dimensionality of the measure
using Rash analysis is indicative of structural validity. The
large percentage unexplained variance (51.7 %) supports
the finding that there are a number of items that do not
contribute toward the overall construct and are indicative
of poor structural validity. This finding is substantiated
with the item DIF analysis where a number of items
showed DIF against gender, having a confirmed diagnosis
of OD or not, and patient diagnostic categories.

A DIF analysis was conducted of language (Italian,
Swedish, Spanish, and Turkish) as a preliminary investi-
gation of the EAT-10’s cross-cultural validity. The finding
that six of the ten items showed DIF on language is
indicative that there may be problems with the EAT-10
translation into different languages. This warrants a more
detailed investigation of cross-cultural validity, to examine
if the exact procedures were followed during the translation
process and if the translations meet international standards
of cross-cultural validation, such as the guidelines stipu-
lated in the Consensus-based standards for the selection of
health measurement instruments (COSMIN) taxonomy
[22].

Since the publication of the EAT-10 by Belafsky et al.
[19], the EAT-10 has been translated in many different
languages, including for example Spanish, Portuguese,
Italian, and Arabic [20, 29-31]. Most studies referring to
the reliability and validity of the EAT-10 concluded that
the tool was both reliable and valid [for example,
31, 32, 20] and had excellent psychometric properties
[1, 21]. The EAT-10 was one of the included tools in a
psychometric review on functional health status question-
naires in OD [13]. Based on COSMIN taxonomy of mea-
surement properties and definitions for health-related
patient-reported outcomes [33], the EAT-10 obtained poor
overall methodological quality scores for all measurement
properties except for structural validity; as no data were
reported in the literature, this psychometric property could
not be rated. The authors concluded that the use of the
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EAT-10 in daily clinic and research could only be justified
if the overall methodological quality would show satis-
factory improvement on most measurement properties after
re-evaluation.

The conclusions by Speyer et al. [13] seem to be in
contrast with most of the publications on the reliability and
validity of the EAT-10. Even though the review by Speyer
et al. [13] included journal articles up to June 2013 and
therefore did not cover the most recent literature, more
prominent difficulties seem to be underlying to these
identified discrepancies in psychometric assessment; first,
authors use different psychometric concepts and definitions
for psychometric properties. The COSMIN taxonomy,
however, was developed through internationally expert
consensus and has been utilized in an increasing number of
psychometric publications. As a standardized tool, the
COSMIN checklist [33], is used to evaluate the method-
ological quality of studies on any of the nine domains or
psychometric  properties. The COSMIN taxonomy
describes relationships and definitions of psychometric
properties and can be completed by quality criteria for
measurement properties as defined by Terwee et al. [28]
and Schellingerhout et al. [34]. In the literature, however,
psychometric terminology is used in confusing ways. For
example, criterion validity refers to the extent to which
scores on a particular questionnaire relate to a gold stan-
dard [22, 28]. Santos Nogueira et al. [32] compared EAT-
10 scores with a generic quality of life measure, the EQ-
5D, and considered this criterion validity. However, the
EAT-10 is a combination of items on functional health
status and health-related quality of life [35]. Comparing the
EAT-10 with a generic quality of life measures would seem
hypothesis testing or convergent validity according to the
COSMIN framework: the degree to which the scores on a
particular questionnaire are consistent with hypotheses, for
example, with regard to relationships to scores of other
instruments.

Next, authors tend to generalize their findings; many
authors stating that the EAT-10 is a reliable and valid tool,
only considered a limited number of psychometric prop-
erties [for example, 20, 21, 32, 1, 31]. Most frequently,
authors considered repeated measurements as part of reli-
ability (but not intra and inter rater reliability), internal
consistency, and convergent validity. In general, no refer-
ence was made to quality criteria for the assessment of the
psychometric properties.

Classical Testing Theory (CTT) Versus Item
Response Theory (IRT)

The most common frameworks used for developing mea-
sures and evaluating measurement properties are CTT and
the more recently developed IRT [23]. While some areas of
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research have readily taken to IRT (e.g., psychology and
education), the field of psychometric testing in allied
health, especially in speech pathology, seems to continue
using CTT. To our knowledge, the reliability and validity
of the EAT-10 has not been evaluated using IRT.

CTT refers to a theoretical framework about test scores
introducing the following concepts: test or observed score,
true score, and error score. The assumptions in CTT are
that true scores and error scores are uncorrelated, the
average error score in the population of examinees is zero,
and error scores on parallel tests are uncorrelated. The fact
that CTT is based on these relatively weak assumptions and
therefore easily met with test data is considered an
advantage [23]. Even so, a number of limitations of CTT
have been addressed in the literature; first, item difficulty
and item discrimination are fundamental concepts within
many CTT analyses but are group dependent. Another
limitation of CTT is that scores are entirely test dependent,
and as a consequence, test difficulty directly affects the
resultant test scores. As such, CTT may be described as
‘test based,” whereas IRT may be described as ‘item based’
[23]. Moreover, despite the added complexity, IRT has
many advantages over CTT; IRT models estimate both
item and person parameters with the same model. IRT
determines person-free item parameter estimation and
item-free trait level estimation. Further, IRT provides
optimal scaling of individual differences and assists in
analyses such as the evaluation of differential item func-
tioning (DIF) [36]. As a consequence, CTT may lead to
incorrect substantive conclusions, whereas IRT may
retrieve more valid substantive findings [36].

Describing CTT and IRT in further detail is outside of
the scope of this manuscript. However, taking into account
some of the shortcomings of CTT and the potential benefits
of IRT, psychometric research in allied health should not
just place emphasis on CTT, but embrace the more recently
developed IRT framework as well.

Conclusions

Using Rasch analysis to explore the psychometric qualities
of the EAT-10 has exposed a number of difficulties. The
EAT-10 has poor internal consistency and performs poorly
in separating patients with different levels of swallowing
difficulty into distinct groups. A combination of individual
item misfit, high unexplained variance of the Rasch model
and poor loading of items as reflected in the PCA analysis,
demonstrated that the EAT-10 has a number of items not
contributing toward the overall construct. Together with
problems in the step calibration of the rating scale, the
combination of findings is indicative of poor structural
validity.

The person—item dimensionality map together with an
evident floor effect indicates a combination of item
redundancy, as well as the need for including both easier
and more difficult items to better align person ability with
item difficulty. A major flaw in the design of the measure is
lack of item descriptors for the item categories 1, 2, and 3,
which likely contributed toward respondents interpreting
the item categories differently, resulting in a disordered use
of the item categories. The paper highlights that the EAT-
10 has significant problems in both reliability and validity.
As such the EAT-10 should be redeveloped using IRT prior
to further clinical use, given that the weaknesses of the
EAT-10 is exposed on an item level (IRT), rather than on a
whole test level (CTT).
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