
Construct Validity of the Eating Assessment Tool

Janina Wilmskoetter1, Heather Bonilha1,2, Ickpyo Hong3, Jordan Hazelwood4, Bonnie 
Martin-Harris5, and Craig Velozo6

1Department of Health Sciences and Research, College of Health Professions, Medical University 
of South Carolina, Charleston (SC), USA

2Department of Otolaryngology – Head and Neck Surgery, Medical University of South Carolina, 
Charleston (SC), USA

3Division of Rehabilitation Sciences, School of Health Professions, University of Texas, Medical 
Branch, Galveston (TX), USA

4Department of Communication Sciences and Disorders, Beaver College of Health Sciences, 
Appalachian State University, Boone (NC), USA

5Roxelyn and Richard Pepper Department of Communication Sciences and Disorders, School of 
Communication, Northwestern University, Evanston (IL), USA

6ivision of Occupational Therapy, Department of Health Professions, College of Health 
Professions, Medical University of South Carolina, Charleston (SC), USA

Abstract

Purpose—We aimed to evaluate the construct validity of the Eating Assessment Tool by 

determining its dimensionality, rating scale integrity, item-person match, precision, and 

relationship with the degree of airway invasion and functional oral intake.

Methods—We conducted a retrospective analysis of patients’ Eating Assessment Tool scores. We 

used the Rasch rating scale model. We investigated correlations between the Eating Assessment 

Tool and scores on the Penetration-Aspiration Scale and Functional Oral Intake Scale.

Results—The median score of the Eating Assessment Tool from 127 patients was 16 of 40 

(range 0 to 40). Confirmatory factor analysis supported unidimensionality. The 5-point rating scale 

categories met published criteria. Two items misfit the Rasch model and two other items displayed 

differential item functioning. Rasch person reliability was 0.79. Our patient cohort was divided 

into three person-strata. Correlations between the Eating Assessment Tool and the Penetration-

Aspiration Scale and Functional Oral Intake Scale were weak to moderate in strength 

(respectively: r = 0.26, p = 0.0036; r = −0.27, p = 0.0027).
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Conclusions—Our analyses identified deficits in the construct validity of the Eating Assessment 

Tool suggestive of a need to improve the Eating Assessment Tool to support its frequent use in 

clinical practice and research.
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Introduction

Dysphagia, or trouble with swallowing, has a prevalence between 2.3% and 16% in the 

general population [1] and an even higher prevalence of 51% in institutionalized older 

people [2]. Dysphagia is associated with mortality [3], aspiration pneumonia [4, 5], 

malnutrition [6], dehydration [7], and significantly increased medical expenses [8]. 

Moreover, this potentially life-threatening disorder represents a social and psychological 

burden for patients with adverse effects on self-esteem, socialization, and enjoyment of life 

[9].

The Eating Assessment Tool (EAT-10) was developed to evaluate patients’ self-perceived 

symptoms of dysphagia to estimate initial severity and monitor change in dysphagia 

symptoms as a response to treatment [10]. The instrument is frequently used in clinical 

practice and research for patients with suspected swallowing problems stemming from 

various etiologies as it is quick to administer and easy to understand. The EAT-10 consists of 

10 items. Each item includes a statement describing a scenario that may be a problem for 

patients experiencing swallowing difficulty (e.g. “Swallowing liquids takes extra effort” or 

“The pleasure of eating is affected by my swallowing problem”). The EAT-10 has been 

translated into several languages, including Portuguese, Italian, Swedish, and Arabic [11, 12, 

13, 14]. Its psychometric properties have been tested using classical test theory (CTT) to 

determine the quality of the instrument [10]. In addition to having an excellent internal 

consistency (Cronbach’s alpha = 0.96), test-retest reproducibility (r = 0.72 – 0.91), and 

criterion-based validity (all items on the EAT-10 showed a highly significant improvement 

with intervention) [10], the EAT-10 also showed a positive linear correlation with aspiration 

events in patients with dysphagia (r = 0.273, p < 0.001) [15] as measured with the 

Penetration-Aspiration Scale (PAS) [16]. This led to the conclusion that the EAT-10 is a 

suitable instrument for predicting aspiration risk [15].

However, using CTT has disadvantages when assessing an instrument’s psychometric 

properties at the item-level and person-level. For example, CTT assesses an instrument as a 

whole by using an instrument’s total score based on the summation of the individual item 

scores and, therefore, CTT cannot determine the fit of items or persons to a measurement 

model [17]. Thus, CTT cannot identify erratic items or persons, nor can it readily detect 

differential item functioning across subgroups (e.g., gender or medical diagnosis). 

Therefore, the consequence of not detecting if an instrument shows DIF by using CTT 

instead of the Rasch model leads to a false assumption that the instrument is invariant, 

objective and stable regarding its measurements. This may lead to a biased measurement 
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estimation of the instrument’s quality and incorrect interpretations of its results. The EAT-10 

has been criticized for limitations in its psychometric evaluation [18] that in part stem from 

its development based on CTT. To the best of our knowledge, there have been no 

psychometric studies of the English version of the EAT-10 on properties of construct 

validity, such as: dimensionality, rating scale integrity, precision, or relationship to 

instruments used to assess swallowing disorders other than the PAS [10, 18]. As we describe 

in the following, an understanding of these characteristics of the EAT-10 is crucial to justify 

its use in research and clinical practice.

Unidimensionality of an instrument is important in order to interpret a (total) test score. If 

items of an instrument do not represent the same underlying construct, the meaning of a 

(total) test score is distorted [19]. Therefore, without unidimensionality, a total score, which 

is the summation of scores of several distinct constructs introduces theoretical imprecision 

[19]. For clinical applications, unidimensionality of a measurement instrument is important, 

because it ensures that only one measurement construct is measured at a time, thus, 

clinicians can make valid inferences about the measurement score and the underlying 

construct that has contributed to the specific score. This is especially important in instances 

where clinicians seek to compare scores between patients or for the same patient at different 

time points.

Similar to unidimensionality, integrity of an instrument’s rating scale is a second important 

property to make valid inferences from patients’ scores for each item and for the total score. 

The EAT-10 uses the same 5-point rating scale for each of its 10 items, but it remains 

unknown whether all five possible ratings are actually used by patients. Further, it is not 

known if the ratings are used in an expected manner, that is patients with less perceived 

consequences of dysphagia are more likely use lower ratings on an item and patients with 

more perceived consequences are more likely use higher ratings [20, 21].

A third property of the EAT-10 important for interpreting test scores that has not been 

assessed is precision. In the Rasch model, precision is defined as the degree to which 

measures can be replicated, thus, how reliable measures are. Precision of an instrument is 

especially important in order to compare total test scores. The EAT-10 was developed to 

estimate the initial severity of patients’ self-perceived dysphagia symptoms and monitor 

symptom changes as a response to treatment [10]. Thus, understanding the precision of the 

EAT-10 can help clinicians to estimate how well the instrument can differentiate between 

patients with different severity levels of self-perceived symptoms and how well the 

instrument can detect change over time within a patient assessed at different time points.

In addition to understanding an instrument’s dimensionality, rating scale integrity and 

precision, knowing the relationship of an instrument with other outcome scales is 

foundational in order to draw conclusions from the test score. The relationship of the 

EAT-10 to the PAS and Functional Oral Intake Scale (FOIS) [22] could provide a better 

understanding of how patients perceive the consequences of having dysphagia, the degree of 

airway invasion they experience, and the impact of their recommended oral intake status. By 

understanding the relationship of the EAT-10 and PAS, and EAT-10 and FOIS, clinician 
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better interpret the contributions and limitations of the EAT-10 as compared to other 

dysphagia assessments.

The combined knowledge of the dimensionality, precision, rating scale integrity and relation 

of the EAT-10 to other swallow-specific scales will help clinicians to better estimate the 

informative value of the EAT-10 when it is used as part of an initial assessment of dysphagia 

or for monitoring treatment responses. A psychometric evaluation targeting the 

aforementioned properties of the instrument, is needed to improve our understanding of the 

usefulness of the EAT-10 in clinical and research settings.

A method that allows for the evaluation of an instrument’s item-level psychometric 

properties, rating scale integrity, and precision, is the Rasch model. The Rasch model is a 

one-parameter logistic model within the tradition of the item response theory. The Rasch 

model is being increasingly applied to assess instruments used in rehabilitation [23, 24, 25, 

26]. One of its advantages is that it transforms ordinal counts into linear objective measures. 

According to the Institute of Objective Measurement (2001) objective measurement can be 

defined as “the repetition of a unit amount that maintains its size, within an allowable range 

of error, no matter which instrument, intended to measure the variable of interest, is used 

and no matter who or what relevant person or thing is measured”. Thus, measures are the 

basis to compare, exchange and interpret quantitative values [27]. The Rasch model provides 

its users (e.g. clinicians) with the opportunity to estimate patients’ ability levels based on 

true measurement properties. The Rasch model places persons as well as items on a single 

linear continuum and, thereby, allows the determination of what items on the instrument are 

likely or unlikely to be challenging for a person [20, 28]. Thus, the Rasch model considers 

measurement aspects that CTT is unable to assess, such as the hierarchy of an instrument’s 

items regarding their difficulty (item difficulty hierarchy) and model fit [20, 29]. Also, 

extensions of the Rasch model have been developed that allow users to assess rating scales, 

for example Likert scales, and determine their integrity. These model extensions are the 

rating scale model developed by Andrich [30] and the partial credit model developed by 

Masters [31]. The rating scale model by Andrich was developed to assess the integrity of a 

rating scale across all items of a tool, thus, assuming that each item uses the same rating 

scale [30] – which is the case for the EAT-10. The partial credit model has been described as 

an extension to Andrich’s rating scale model. The partial credit model assesses the rating 

scale of each item separately, and, thus, can be applied to tools that include items with 

different rating scales [31]. Furthermore, the Rasch model evaluates an instrument in terms 

of its ability to measure a person. This means that the Rasch model evaluates if the measure 

or the total score are precise enough to compare different persons or the same person at 

different time points.

Through its unique capability to construct linear measures from counts of qualitatively-

ordered observations – provided the structure of quantity is present in the data –, the Rasch 

model provides the opportunity to assess the relationship of an instrument with other 

instruments based on linear measures and not only raw scores. Therefore, we can use the 

measures constructed by the Rasch model to determine the relationship of the EAT-10 with 

other swallow-specific scales, such as the PAS and FOIS.

Wilmskoetter et al. Page 4

Disabil Rehabil. Author manuscript; available in PMC 2019 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Besides the psychometric evaluation of an instrument’s integrity, the Rasch model has 

several immediate benefits from a clinical perspective, for example: 1) it provides 

information on both the validity of scores of individual items and the total test measure, 2) it 

provides a hierarchy for items based on their difficulty (or for the EAT-10 based on the 

likelihood that items will be reported as a problem by the patient), and 3) it analyses how 

many person/patient strata can be separated by using the instrument, thus, providing 

information on an instrument’s precision to differentiate severity levels.

To our knowledge, there have been no studies using the Rasch model to assess the 

psychometric properties of the English version of the EAT-10, but there has been a recent 

study applying the Rasch model to the Turkish, Spanish, Italian and Swedish translations of 

the EAT-10 to assess its cross-cultural validity [32]. The study revealed significant 

weaknesses of the translated versions of the EAT-10 in terms of item redundancy, floor 

effects, disordered rating scale categories, and DIF. DIF was found for various items for 

patients who differed by: gender, confirmed oropharyngeal dysphagia, instrumental swallow 

assessments, language (Italian, Swedish, Spanish, Turkish), and comorbid diagnosis.

The goal of our study is to provide clinicians and researchers with information on the 

psychometric quality and informative value of the English version of the EAT-10 [10]. We 

utilized the Rasch model to assess the construct validity of the EAT-10 by determining: 

dimensionality, rating scale integrity, item-level psychometrics (item fit statistics, person fit 

statistics, item hierarchy, item-person match), precision and reliability, and the relationship 

of the EAT-10 with the degree of airway invasion, measured by the PAS, and the functional 

oral intake status, measured by the FOIS. Based on findings from previous studies [15, 32], 

we hypothesized that the EAT-10 shows weaknesses in its construct validity.

Methods

Instruments

We used three instruments in the study presented here. The EAT-10 was the primary 

instrument we assessed using the Rasch model. Additionally, we used the PAS and the FOIS 

to assess DIF and associations with the EAT-10.

The EAT-10 is a self-report instrument consisting of 10 items. The patient is instructed to 

circle the appropriate rating that matches the extent of their swallowing problem on a 5-point 

rating from “0” (no problem) to “4” (severe problem). The scores “1”, “2”, and “3” are not 

further defined. Item ratings are summed to a total score. A total score of “3” or higher is 

deemed to be abnormal [8].

The PAS is an 8-point scale used to describe the presence and depths of penetration and 

aspiration events, as well as whether penetrated or aspirated material is expelled from the 

airway [16]. PAS scores range from “1” (Material does not enter the airway) to “8” (Material 

enters the airway, passes below the vocal folds and no effort is made to eject). We employed 

the PAS to identify the worst event of airway invasion (highest score on the PAS) across all 

swallows performed during a modified barium swallow study.
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The FOIS is a 7-point scale used to describe a patient’s functional oral intake level with 

scores ranging from “1” (Nothing by mouth) to “7” (Total oral diet with no restrictions) [22].

Patients

We utilized patient enrollment from an ongoing NIH-funded study. At the time of our study 

enrollment, we retrospectively enrolled all patients currently enrolled in the NIH-funded 

study who had records for a modified barium swallow study, had a complete EAT-10, with 

every item having a response documented, and were at least 18 years old. We did not apply 

any other inclusion or exclusion criteria and thus, enrolled patients with various etiologies 

and levels of dysphagia.

Procedures

As part of standard of care procedures, all patients in this study received a modified barium 

swallow study and were assigned a diet (FOIS). Patients scored the EAT-10 as either an 

inpatient or outpatient at the Medical University of South Carolina in Charleston, South 

Carolina. Modified barium swallow studies are considered the gold-standard for assessing 

swallow physiology and are part of the standard of care for patients with swallowing 

disorders. Modified barium swallow studies in our study were conducted following a 

standardized protocol presenting barium of different consistencies (thin liquid, nectar thick 

liquid, honey thick liquid, pudding, solid) and volumes (depending on consistency: 5ml, cup 

sip, sequential cup sips, ½ cookie) [33]. Patients were asked to complete the EAT-10 

instrument at the time of the modified barium swallow study. When patients were not able to 

complete the EAT-10 independently, a speech-language pathologist assisted the patient, or a 

caregiver provided responses. The speech-language pathologist conducting the modified 

barium swallow study, also assigned a FOIS score reflecting their diet recommendation 

following the completed modified barium swallow study [22]. We excluded patients with 

missing PAS or FOIS data from our analyses of the relationship between these scales and the 

EAT-10. The Institutional Review Board of the Medical University of South Carolina 

approved this study.

Analyses

Dimensionality—Since the Rasch model assumes unidimensionality, we determined, prior 

to applying the Rasch model, whether the EAT-10 instrument is unidimensional, meaning all 

its instrument items are considered to be of the same measurement construct. We conducted 

confirmatory factor analysis with a one-factor solution, determined local independence and 

confirmed these findings using Rasch principal component analysis of residual and item and 

person fit statistics.

Confirmatory Factor Analysis: For confirmatory factor analysis, we used four model fit 

indices: normed chi-square (chi-square (χ2)/degrees of freedom (df) test (<3.84 indicating 

good fit)) that accounts for sample size, comparative fit index (> 0.95), Tucker-Lewis Index 

(> 0.95), and root mean square error of approximation (< 0.08 adequate fit, < 0.06 excellent 

fit) [34, 35, 36].
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Local Independence: We assessed the local independence of each item, to ensure that all 

EAT-10 items are independent of each other and only correlate with each other by the one 

latent trait that they are measuring. Local independence is an assumption of the Rasch model 

because it can affect the unidimensionality of the instrument [37]. Residual correlations 

derived from the confirmatory factor analysis greater than ±0.2 were deemed as violating 

local independence [35]. We interpreted high positive residual correlations as indicative of 

local item dependency due to response dependency and high negative residual correlations 

as local item dependency caused by multidimensionality. We used Mplus version 7.31 (Los 

Angeles, CA 2012) to conduct the confirmatory factor analysis.

Rasch Principal Component Analysis of Residual: For the Rasch principal component 

analysis of residual, we used two criteria for determining unidimensionality: 1) >50% 

variance of the data is explained by the Rasch dimension and, 2) the first contrast in the 

standardized residuals has a size (Eigenvalue) of ≤2.0 [38, 39]. We used WINSTEPS version 

3.81.0 for Rasch analyses [39].

Rating Scale Analysis—After confirmation of the unidimensionality, we assessed the 

rating scale of the EAT-10 with the Rasch model rating scale analysis. We used the following 

three essential criteria for rating scale assessment [40]: 1) at least ten observations per rating 

scale category, 2) the category measures advance (monotonicity, which is the average 

measure for the EAT-10 rating scale category 1 is greater than for the category 0, etc.), and 

3) the outfit mean square value for each rating scale category is <2.0. We used WINSTEPS 

version 3.81.0 for Rasch analyses [39] with the rating scale model derived by Andrich [30]. 

We chose the rating scale model over the partial credit model, because all items of the 

EAT-10 are scored on the same rating scale. WINSTEPS software uses the joint maximum 

likelihood estimation method.

Item Fit Statistics and Person Fit Statistics—We assessed item and person fit 

statistics following previously reported guidelines [29]. Fit statistics differentiate between 

infit and outfit mean squares. Item infit statistics are more sensitive to the pattern of 

responses from individuals targeted at the item, and item outfit statistics are more sensitive 

to the pattern of responses from individuals far from the item. For example, for an item 

commonly reported as a problem, infit refers to the pattern of responses reported by 

individuals with mildly perceived swallowing disorders. For that same item, outfit would 

refer to the pattern of responses reported by individuals with seriously perceived swallowing 

disorders. Further, according to the Rasch model, items that are least commonly reported as 

a problem are rated as a problem only by individuals with seriously perceived swallowing 

disorders while items that are most commonly reported as a problem are rated as a problem 

by both individuals with seriously perceived swallowing disorders and individuals with 

mildly perceived swallowing disorders. Items or persons that do not fit this pattern are 

considered to misfit the Rasch model.

Person fit statistics describe how well the responses from a person fit to the predicted 

responses based on the Rasch model [20]. Responses can be too predictable (overfit) or too 

unpredictable, for example when a person who rates most items as no problem (a person 

with no or mild self-reported swallowing problems), rates an item as a problem that is 
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generally not rated as a problem by persons with no or mild swallowing problems. The 

Rasch model would have predicted that this person would have rated that item as no 

problem.

The Rasch model expects the infit and outfit mean square value to be 1.0. Higher mean 

square values suggest higher variation (unexplained) than expected by the Rasch model and 

lower mean square values suggest less variation (overly predictable ratings) than expected 

by the Rasch model. Wright and Linacre suggest for rating scales and surveys that 

reasonable item and person mean square values range from 0.6 to 1.4 for infit and outfit 

statistics with standardized z values of < 2.0 [41].

Item Hierarchy—Item hierarchy is the order of items based on their difficulty (likelihood 

to be rated as a problem). We estimated item difficulty with the Rasch model on a logit scale 

that provided the linear measures for each item. The lower the measure (higher the total 

score) of an item, the more patients scored this item as a “severe problem” and fewer 

patients scored it as “no problem”. In contrast to the linear measure, the total score is an 

ordinal count. Thus, the order/hierarchy of items is the same using the total score or 

measure. However, only the measure can be used to understand the distance between two 

items, which reflects the difference in the likelihood of items being rated as a problem.

To assess invariance and stability of the item hierarchy across groups, we performed DIF. 

The Rasch model assumes that patients with the same ability level, should rate items with 

the same probability independent of their group. DIF determines whether patients from 

different groups, who have the same perceived degree of swallowing problems, respond 

differently to any of the ten items across subgroup characteristics [42]. We hypothesized that 

patient gender (female vs. male), oral intake (normal vs. abnormal) and aspiration status 

(aspiration vs. no aspiration) will have no effect on the responses to the ten items of the 

EAT-10. We determined that an item displays DIF if the DIF contrast was |DIF| ≥ 0.43 logits 

and the probability was ≤ 0.05. Patients with a FOIS score of 1–6 were classified as patients 

with oral intake restrictions (abnormal oral intake), patients with a FOIS score of 7 as 

patients with normal oral intake, patients with a PAS score of 1–5 as patients who do not 

aspirate, and patients with a PAS score of 6-8as patients who aspirate.

Item-Person Match—The Rasch model produces item calibrations (difficulties) and 

person calibrations (abilities) on the same interval scale using log equivalent units (logits). A 

logit scale value of 0 is arbitrarily set as the mean of the item difficulty estimate for the 

sample under study. Therefore, a logit scale value close to 0 is near the average item 

difficulty. For our EAT-10 analysis, patients with negative logit scale values have a higher 

ability, rating EAT-10 items, on average, as less of a problem as compared to the average 

item difficulty. Patients with positive logit scale values have a lower ability, rating EAT-10 

items, on average, as more of a problem, as compared to the average item difficulty [16]. 

The Rasch analytic program produces an item-person map, displaying the difficulty 

(likelihood to be rated as a problem) of each EAT-10 item relative to the abilities (likelihood 

to rate EAT-10 items as a problem) of each person in the sample. This display indicates how 

well the likelihood of the EAT-10 items to be rated as a problem match the person likelihood 

to rate EAT-10 items as a problem. Ceiling and floor effects were considered when more 
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than 15% of the patients showed the maximum or minimum extreme score, respectively 

[43].

Precision and Reliability—We determined precision by person-separation reliability 

ratios and person-strata calculations. Acceptable person-separation ratios (G) in Rasch are 

determined at >2.0 which represents a Rasch reliability of 0.80 [44, 45]. Rasch reliability is 

similar to Cronbach’s alpha and represents the ratio of the true variance to observed 

variance, where observed variance is the true variance adjusted for measurement error [46]. 

Error estimates depend on the precision of the instrument to measure the ability of targeted 

persons with the targeted items. Rasch reliability is an index for the repeatability of an 

instrument’s measure. This is different than, Cronbach’s alpha, here Kuder-Richardson 20, 

which represents the repeatability of raw scores. Because of this difference, it has been 

argued that Rasch reliability is more conservative, and therefore possibly less misleading, 

than Cronbach’s alpha for reliability estimates of generalizable measures that are test-

independent [47].

We also determined precision using person-strata calculations, which are based on the 

person-separation ratio, and define the instrument’s precision to detect statistically 

distinguishable groups of patients. Person-strata is the number of center points, three 

standard errors apart that can be placed in a distribution; the more center points, the greater 

the precision. The person-strata calculations were computed using the discernable Strata 

formula, (4G+1)/3; where G=separation index [24, 31].

Relationship of the Eating Assessment Tool with the Penetration-Aspiration 
Scale and Functional Oral Intake Scale—To investigate the relationship between 

patients’ ability level on the EAT-10 and the patients’ degree of airway invasion and oral 

intake status, we conducted two correlation analyses: 1) the patients’ corresponding linear 

measure of the EAT-10 with the patients’ scores on the PAS, and 2) the patients’ 

corresponding linear measure of the EAT-10 with the patients’ scores on the FOIS. We 

applied Spearman correlations for ordinal variables with statistical significance considered 

to be p < 0.05. We interpreted the size of the correlation with |r| = 0.1 as weak, |r| = 0.3 as 

moderate, and |r| = 0.5 as strong [48].

Results

Patients

We included 127 patients in our study (female, n = 79). The average age was 59.9 years (SD 

15.0, range 19 – 89). Almost 60% of patients had otolaryngological or neurological 

etiologies (Table 1).

The score distributions for the EAT-10, PAS and FOIS across all patients are shown in Table 

2. The PAS was not reported for seven patients, while FOIS scores were not reported for two 

patients. The median EAT-10 total score was 16 out of 40 (range 0 to 40). The median PAS 

score was 2 (“Material enters the airway, remains above the vocal folds, and is ejected from 

the airway”) (range 1 to 8). The median FOIS score was 7 (“Total oral diet with no 

restrictions”) (range 1 to 7).
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Dimensionality

Confirmatory Factor Analysis—Overall, confirmatory factor analysis supported a one-

factor model (single measurement construct) for the EAT-10. Three of the four model fit 

indices for confirmatory factor analysis assessment were fulfilled: normed Chi-square was 

2.26 (< 3.84), comparative fit index was 0.98 (> 0.95) and Tucker-Lewis Index was 0.97 (> 

0.95). Only root mean square error of approximation marginally violated the criterion of < 

0.08 with a value of 0.1. Factor loadings of the EAT-10 items supported a one-factor solution 

with loadings > 0.55 for all items.

Local Independence—Two items of the EAT-10 (“My swallowing problem interferes 

with my ability to go out for meals” and “Swallowing is painful”) demonstrated a high 

residual correlation, −0.269 (≥ 0.2), violating local independence and indicating 

multidimensionality.

Rasch Principal Component Analysis of Residual—The Rasch principal component 

analysis of residual of the EAT-10 fulfilled both criteria for unidimensionality: 53.9% of the 

data variance was explained by the Rasch dimension and the Eigenvalue of the first contrast 

(the secondary dimension) was 1.96.

Overall, the confirmatory factor analysis and Rasch principal component analysis of residual 

supported a single measurement construct of the EAT-10. While the root mean square error 

of approximation did not meet the criteria in the confirmatory factor analysis, and two items 

showed local dependence indicative of multidimensionality, all other indices met the fit 

criteria. Additionally, the Rasch confirmatory factor analysis demonstrated a single 

measurement construct. Since unidimensionality is an assumption of the Rasch model and 

our analyses supported that the EAT-10 is unidimensional, we investigated the EAT-10 with 

the Rasch model.

Rating Scale Analysis

The 5-point EAT-10 rating scale fulfilled all three essential criteria for use of the Rasch 

model. All five rating scale categories showed more than 10 observations, ranging from 146 

observations for EAT-10 rating category “3” to 459 observations for EAT-10 rating category 

“0”. Rating score measures (category measures) advanced from the lowest to highest rating 

score. The outfit mean square was <2.0 for all rating categories.

Item Fit Statistics and Person Fit Statistics

By assessing Rasch Item Fit, we found that two items of the EAT-10 did not fit the Rasch 

measurement model. The items “I cough when I eat” and “My swallowing problem has 

caused me to lose weight” had mean square values for infit and outfit of more than 1.4 and a 

z-score of more than 2.0 (Table 3).

Assessing Rasch Person Fit, we found that 8 of 127 patients (6%) did not fit the Rasch 

model and showed mean square values for infit and outfit of more than 1.4 and a z-score of 

more than 2.0.
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Item Hierarchy

Table 4 shows the item hierarchy of the EAT-10, the order of items based on their difficulty 

(likelihood to be rated as a problem). Also shown in Table 4 is the total score of a single 

item that is the sum of scores from all patients (N=127) for this item. The EAT-10 item with 

the lowest measure (highest total score) was “Swallowing solids takes extra effort”, 

representing the most difficult item in Rasch terminology; meaning the majority of patients 

scored this item as a severe problem. The two easiest items were “Swallowing is painful” 

and “My swallowing problem has caused me to lose weight”; meaning that the majority of 

patients scored these items as no problem.

Several items had virtually identical average item difficulty measures. For example, the 

items “I cough when I eat” and “The pleasure of eating is affected by my swallowing” had 

identical Rasch item measures (-0.24) and the items “My swallowing problem interferes 

with my ability to go out for meals” and “Swallowing liquids takes extra effort” had very 

similar measures (0.18 and 0.23, respectively) (Table 4 and Figure 1).

Results of the DIF analyses are displayed in Table 5. No item displayed DIF for female 

compared to male patients. Item 6 (“swallowing is painful”) showed DIF for patients who 

aspirated compared with patients who did not aspirate during the modified barium swallow 

(DIF=-0.87, p=0.0445). Item 2 (“my swallowing problem interferes with my ability to go 

out for meals”) showed DIF for patients on a normal oral diet compared with patients who 

had oral diet restrictions (DIF=0.60, p=0.0445). Other items (“swallowing solids takes extra 

effort”, “swallowing pills takes extra effort”, “the pleasure of eating is affected by my 

swallowing”) fulfilled one but not both criteria (|DIF contrast| ≥0.43 and probability ≤ 0.05) 

for DIF.

Item-Person Match

In accordance with the Rasch model, average item difficulty is anchored at 0 logits. The 

patient cohort of this study had an average person ability of −0.45 logits. Considering that 

higher scores on the EAT-10 indicate patients’ perception of more severe swallowing 

problems, the average patient ability was slightly above the average item difficulty of the 

EAT-10 but within one standard deviation. Overall, the items and scale scores targeted the 

severity range of patients’ perception of swallowing problems fairly well, except for patients 

with the lowest and highest measures (Figure 1). Patients were least likely to score the item 

“Swallowing is painful” with a high scale score. Figure 1 shows the location of the item 

“Swallowing is painful” labeled as .35 in relation to patients’ ability of the change in scoring 

this item as “4” instead of “3”. Conversely, patients were most likely to score the item 

“Swallowing solids takes extra effort” as “1” instead of “0” (labeled as .05 in Figure 1).

Two of 127 (1.6%) patients showed a maximum extreme score by scoring all 10 items as 

“severe problem” (total test score of 40 for the EAT-10). Seven of 127 (5.5%) patients 

showed a minimum extreme score by scoring all 10 items as “no problem” (total test score 

of 0 for the EAT-10). Thus, floor and ceiling effects were not observed, as they were <15%.
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Precision and Reliability

The Rasch person separation value of the EAT-10 was 1.94 and marginally failed the 

criterion of being >2.0. The person-strata value was 2.92 and indicated that the instrument 

was able to divide our patient cohort into approximately three significantly different person-

strata based on how much of a problem patients perceived their swallowing to be (such as no 

problem, moderate problem, and severe problem). The Rasch person reliability of the 

EAT-10 was 0.79. Cronbach’s alpha for the EAT-10 was 0.90.

Relationship of the Eating Assessment Tool with the Penetration-Aspiration Scale and 
Functional Oral Intake Scale

Eating Assessment Tool and Penetration-Aspiration Scale—The correlations 

between the EAT-10 and PAS was statistically significant but weak in strength for the 

EAT-10 linear person measure (r = 0.26, p = 0.0036). The higher (worse) the EAT-10 linear 

person measure, the higher (worse) the PAS score.

Eating Assessment Tool and Functional Oral Intake Scale—The correlation 

between the EAT-10 and FOIS was statistically significant but weak in strength for the 

EAT-10 linear person measure (r = −0.27, p = 0.0027). The higher (worse) the EAT-10 linear 

person measure, the lower (worse) the FOIS score.

Discussion

The purpose of our study was to evaluate the construct validity of the EAT-10 in order to 

determine its quality and informative value. Hereby, we aimed to contribute to the 

psychometric evaluation of the EAT-10 that was previously criticized as limited [18]. Our 

study identified opportunities to improve the psychometric properties of the EAT-10.

Dimensionality

Our assessment of the EAT-10 supported a unidimensional construct with two exceptions. 

First, one of four criteria was not fulfilled in the confirmatory factor analysis to support 

unidimensionality of the EAT-10. We found a root mean square error of approximation > 

0.08. It has been discussed elsewhere [49] that the failure to achieve the root mean square 

error of approximation criterion can be related to a small sample size. Therefore, this 

confirmatory factor analysis criterion might be reached with a larger sample size. Second, 

we found that two EAT-10 items “My swallowing problem interferes with my ability to go 

out for meals” and “Swallowing is painful”, showed high negative residual correlations 

indicating local dependence. Violations of local independence suggest a second dimension 

in the instrument, because the interdependence of these items acts like another trait that is 

not reflected by the Rasch single dimension [37]. Despite the violation of local 

independence seen in our confirmatory factor analysis results, we decided to analyze the 

EAT-10 with the Rasch model as our results of the Rasch principal component analysis of 

residual were in favor of a unidimensional construct. Also, Cordier et al. (2017) support the 

unidimensionality of the EAT-10 [32].
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Rating Scale Analysis

The Rasch rating scale analysis of the EAT-10 revealed that Linacre’s three essential 

criterion were met [40]. Thus, patients used the full spectrum of the rating scale and used it 

in an expected manner with higher scores indicating more severe perceived problems.

Item Fit Statistics and Person Fit Statistics

Following the Rasch item fit analysis the EAT-10 had two misfitting items (“I cough when I 

eat” and “My swallowing problem has caused me to lose weight”) for both infit and outfit 

statistics. Patients did not respond to these two items in a pattern that was predicted by the 

Rasch model as based on the patients’ average perceived swallowing problems and based on 

the item’s average likelihood to be rated as a problem. These two items were also indicative 

of misfitting the Rasch model in the study by Cordier et al. (2017) [32]. There can be various 

reasons for misfitting items. It is possible that some patients show but do not attribute 

symptoms of coughing and weight loss to their swallowing problem and, thus, respond to 

these items unexpectedly. Further, it is possible that the specific characteristics of our patient 

cohort contributed to the misfit of these items because our sample consisted mostly of 

patients with mild swallowing problems, as seen from low PAS and high FOIS scores. A 

patient cohort with a higher proportion of patients with severe swallowing problems would 

likely increase the range and variability of responses to the items. It is not known whether 

Cordier et al. (2017) included a higher proportion of patients with severe swallowing 

problems, as severity was not reported [32]. Therefore, re-evaluation of the EAT-10 utilizing 

a sample of patients with more severe dysphagia is warranted before any recommendations 

are made to remove the misfitting items (“I cough when I eat” and “My swallowing problem 

has caused me to lose weight”) from the EAT-10.

Based on the Rasch person fit analysis, we found that only a few patients (6%) did not 

respond to the items of the EAT-10 in the pattern that was predicted by the Rasch model. 

There are different possible explanations for this observation. It is possible that some 

patients (or the person who filled out the EAT-10) did not understand instructions or items 

correctly and, thus, provided inadequate responses. Further, it is possible that some patients 

experience their dysphagia symptoms in a pattern that is very different to the majority of 

patients we included in our study. These variations and possible reasons should be addressed 

in future studies.

Item Hierarchy

Our clinical experience supports the identified item difficulty hierarchy of the EAT-10. The 

items “Swallowing solids takes extra effort” and “Swallowing pills takes extra effort” were 

most often rated as a problem. Swallowing solids or pills are known to be common clinical 

complaints for people with dysphagia [50, 51]. The items “My swallowing problem has 

caused me to lose weight” and “Swallowing is painful” were most often rated as no problem. 

While patients with dysphagia can experience weight loss or pain as associated complaints 

with dysphagia these are not as common as other reported problems.

The DIF analyses revealed four items that showed variance in the item hierarchy for the 

groups tested. As expected, female and male patients with the same degree of perceived 
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swallowing problems scored all ten items similarly. However, the items “My swallowing 

problem interferes with my ability to go out for meals” and “Swallowing is painful” showed 

DIF for patients who aspirated compared to patients who did not aspirate and for those with 

normal oral intake compared to those with oral intake restrictions. Further, the items 

“Swallowing pills take extra effort” and “The pleasure of eating is affected by my 

swallowing” displayed DIF for patients without aspiration compared to patients with 

aspiration. These four items were also found by Cordier et al. (2017) to display DIF against 

gender, confirmed oropharyngeal dysphagia, and language [32]. These findings suggest that, 

despite equally perceived swallowing problems among patients, the item hierarchy for these 

four EAT-10 items varies based on the group to which patients belong. Specifically, in our 

current study, we suspect that DIF was shown for patients with different aspiration status and 

different oral intake levels because some patients score items as no problem due to decreased 

occurrence. For example, patients who are known to aspirate and/or who have been 

recommended to restrict their oral intake might not experience going out for meals or 

swallowing pills. Thus, even though these patients have more severe swallowing problems, 

they might score these EAT-10 items as less of a problem because the treatment of their 

dysphagia alters their participation in eating and drinking tasks.

Item-Person Match

The average instrument difficulty of the EAT-10 matched the average perceived swallowing 

problems of our patient cohort fairly well. Also, the EAT-10 showed no floor effect for 

patients reporting severe swallowing problems and showed no notable ceiling effect for 

patients reporting no swallowing problems. Thus, our results suggest that the difficulty level 

of the EAT-10 is appropriate for patients with a wide range of severity of perceived 

swallowing problems. Because our patient cohort was skewed towards patients with rather 

mild swallowing problems (based on PAS and FOIS scores), a re-evaluation with a patient 

cohort with more severe dysphagia should be applied to validate this observation.

Precision and Reliability

The analysis of the precision showed that the EAT-10 divided the patient cohort into three 

significantly different person-strata (such as no problem, moderate problem, and severe 

problem). In terms of reliability, the EAT-10 had a Rasch person reliability value of 0.79, 

closely approximating a value >0.8, classifying it as acceptable with a strong value [20]. 

Thus, we can assume that the reproducibility based on the measurement error and, 

consequently, the precision level of the results of the EAT-10 are within satisfactory limits 

for our sample. It is important to note that strata calculations are influenced by the range of 

abilities of the sample under study. With the inclusion of more individuals with more severe 

deficits, we would expect the strata to increase. Since one intended use of the EAT-10 is to 

document initial self-perceived dysphagia severity, a three person-strata separation seems to 

be sufficiently precise for an initial classification to inform the need for further evaluation. 

When documenting differences in patients’ perceived consequences of dysphagia, clinicians 

can be confident in the precision of EAT-10 results, because differences in the total score 

(e.g. between two patients, or between two assessment sessions for the same patient) are 

most likely true differences rather than differences due to measurement error. Interestingly, 

Cordier et al. (2017) found poor person reliability (0.55) and a low person separation index 
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of less than 2 [32]. The difference in our findings and the findings by Cordier et al. (2017) 

might reflect differences in the patient cohorts or differences in how patients scored the 

translated versions of the EAT-10.

However, the EAT-10 is also intended to track changes before and after treatment. A person 

separation into three strata (or even less based on the study by Cordier et al. (2017) [32]) 

may not provide the needed precision to detect slight or moderate changes and, therefore, 

might provide false negative results (no significant change after treatment when a change 

truly occurred). The precision of the EAT-10 may be improved by adding more items that 

measure patients with a broader range of perceived swallowing problems. Further, in order 

to determine whether the person separation of the EAT-10 is adequate for measuring change, 

a (treatment/intervention) study with a longitudinal design is warranted, as opposed to a 

cross-sectional design used in the present study.

Relationship of the Eating Assessment Tool with the Penetration-Aspiration Scale and 
Functional Oral Intake Scale

Last, we investigated the relationship between the EAT-10 with the PAS and FOIS. Our 

analyses revealed significant, but weak to moderate, correlations of the EAT-10 and PAS and 

the EAT-10 and FOIS. Patients with higher EAT-10 scores were more likely to penetrate or 

aspirate (higher PAS scores) and patients with higher EAT-10 scores tended to have more 

restrictions in their oral intake (higher FOIS scores). Our findings for the PAS align with 

previous findings of weak correlations between the EAT-10 and the PAS [12]. Our results of 

the correlation analyses indicate that the extent of patients’ self-perception of their 

swallowing problem (based on the EAT-10 rating) has only a minor association with their 

underlying swallowing disorder in terms of penetration and aspiration events and oral intake 

status documented after a modified barium swallow study. Our findings support previous 

findings that indices of patients’ quality of life and health status, and diet recommendations 

provide distinct, but complimentary information for dysphagia management [33, 52]. Thus, 

clinicians should be aware that the EAT-10 is solely an instrument to assess patients’ self-

perception of dysphagia symptoms and cannot replace assessments of functional swallowing 

limitations. The weak to moderate correlations with the PAS and FOIS demonstrate that 

scores on the EAT-10 do not necessarily reflect what the patient can eat and drink. 

Nevertheless, the EAT-10 offers complimentary diagnostic value.

Additionally, the EAT-10 is likely to be useful in another, seldom discussed way. We have 

found in our clinical experience that instruments like the EAT-10 help clinicians and patients 

reach a common understanding of the patient’s swallowing complaints. This allowing for 

opportunities for targeted treatment options that address individualized goals. Further 

investigation of the EAT-10 to classify self-perceived symptom severity, track longitudinal 

changes as well as to identify and have shared development of individualized treatment goals 

is warranted.

Study Limitations

The EAT-10 was developed to assess patients with dysphagia stemming from a broad range 

of underlying diseases. Therefore, we recruited patients with heterogeneous diagnostic 
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categories. Nevertheless, different diagnostic categories might represent different latent 

states of our sample and, thus, might have influenced the results. Further, even though our 

patient cohort consisted of patients representing the whole severity spectrum of swallowing 

disorders as measured with airway invasion and oral intake status, overall, our patient 

sample had rather mild swallowing problems (median PAS score = 2; median FOIS score = 

7). This may be because we have mainly recruited patients who were able to complete the 

EAT-10 on their own and, thus, were generally more medically stable. Repeating our study 

with a cohort of patients with more severe dysphagia may support the generalizability of our 

results to patients with varying levels of swallowing ability.

Conclusion

Our analysis indicates that the EAT-10 is unidimensional, the rating scale is appropriately 

used, the EAT-10 matched our patient cohort fairly well and the EAT-10 showed significant 

but low correlation with oral intake status and airway invasion. Nevertheless, our analysis 

identified significant weaknesses of the psychometric properties of the EAT-10. Patients did 

not respond in a predicted pattern to two of ten items and, thus, these two items misfitted the 

Rasch model, and four other items showed DIF. Further, the EAT-10 with its current 

collection of items may lack precision to document changes in patients’ self-perceived 

swallowing problems. Due to the deficits seen in the construct validity of the EAT-10 based 

on the results of our study and the findings of Cordier et al. (2017) [32], we suggest the need 

to improve the EAT-10 to support its frequent use in clinical practice and research, we 

recommend further analyses with larger and more severe patient cohorts to decide whether 

items should be exchanged or deleted from the EAT-10 and if precision can be improved.
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Implications for Rehabilitation

• Swallowing disorders are associated with severe complications, such as 

pneumonia and malnutrition, and impose both social and psychological 

burdens on patients.

• The Eating Assessment Tool is a self-report instrument developed to estimate 

initial dysphagia severity and monitor change in patient-reported dysphagia 

symptoms as a response to treatment.

• This study shows that the Eating Assessment Tool has deficits in its construct 

validity and a need to improve the instrument to support its frequent use in 

clinical practice and research.
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Figure 1. Rasch Person-item map with Rasch-half-point thresholds for the Eating Assessment 
Tool
Rasch person-item map with Rasch-half-point thresholds between adjacent response 

categories for the Eating Assessment Tool. Weight = “My swallowing problem has caused 

me to lose weight”; meals = “My swallowing problem interferes with my ability to go out 

for meals”; liquids = “Swallowing liquids takes extra effort”; solids = “Swallowing solids 

takes extra effort”; pills = “Swallowing pills takes extra effort”; painful = “Swallowing is 

painful”; pleasure = “The pleasure of eating is affected by my swallowing”; sticks = “When 
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I swallow food sticks in my throat”; cough = “I cough when I eat”; stressful = “Swallowing 

is stressful”;/= break in the vertical scale due to carriage returns
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Table 1

Diagnostic Categories

Diagnostic Category N (%)

Otolaryngology (e.g. Thyroidectomy) 55 (43.31)

Neurological (e.g. Stroke, ALS, Parkinson) 23 (18.11)

Pulmonology (e.g. COPD, Lung Cancer) 14 (11.02)

Head and Neck Cancer 10 (7.87)

General Medicine 9 (7.09)

Gastroenterology 4 (3.15)

Cardiothoracic Surgery 4 (3.15)

Others (e.g. Cervical Spine Surgery, idiopathic) 8 (6.30)

Total 127 (100)

N= number of patients; ALS= amyotrophic lateral sclerosis; COPD= chronic obstructive pulmonary disease
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Table 2

Patient characteristics and swallowing assessments

Number of patients Mean (SD) Median Range

Age 127 59.93 (14.95) 62 19–89

Female 79 (62.2%) – – –

Eating Assessment Tool (min 0, max 40) 127 16.02 (10.79) 16 0–40

Penetration-Aspiration Scale (worst score across all swallows) (min 1, max 8) 120 2.83 (2.41) 2 1–8

Functional Oral Intake Scale (min 1, max 7) 125 6.01 (1.64) 7 1–7

Disabil Rehabil. Author manuscript; available in PMC 2019 March 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wilmskoetter et al. Page 24

Ta
b

le
 3

It
em

 f
it 

st
at

is
tic

s 
fo

r 
th

e 
E

at
in

g 
A

ss
es

sm
en

t T
oo

l

E
at

in
g 

A
ss

es
sm

en
t 

To
ol

 I
te

m
M

ea
su

re
E

rr
or

In
fi

t 
M

nS
q

In
fi

t 
Z

st
d

O
ut

fi
t 

M
nS

q
O

ut
fi

t 
Z

st
d

1.
 M

y 
sw

al
lo

w
in

g 
pr

ob
le

m
 h

as
 c

au
se

d 
m

e 
to

 lo
se

 w
ei

gh
t.

0.
67

0.
10

1.
45

*
2.

80
*

1.
61

*
2.

70
*

2.
 M

y 
sw

al
lo

w
in

g 
pr

ob
le

m
 in

te
rf

er
es

 w
ith

 m
y 

ab
ili

ty
 to

 g
o 

ou
t f

or
 m

ea
ls

.
0.

18
0.

09
1.

14
1.

10
1.

00
0.

10

3.
 S

w
al

lo
w

in
g 

liq
ui

ds
 ta

ke
s 

ex
tr

a 
ef

fo
rt

.
0.

23
0.

09
1.

07
0.

60
0.

99
0.

00

4.
 S

w
al

lo
w

in
g 

so
lid

s 
ta

ke
s 

ex
tr

a 
ef

fo
rt

.
−

0.
45

0.
09

0.
61

−
3.

6
0.

64
−

2.
70

5.
 S

w
al

lo
w

in
g 

pi
lls

 ta
ke

s 
ex

tr
a 

ef
fo

rt
.

−
0.

38
0.

09
0.

99
0.

00
0.

97
−

0.
10

6.
 S

w
al

lo
w

in
g 

is
 p

ai
nf

ul
.

0.
83

0.
11

1.
13

0.
80

0.
92

−
0.

30

7.
 T

he
 p

le
as

ur
e 

of
 e

at
in

g 
is

 a
ff

ec
te

d 
by

 m
y 

sw
al

lo
w

in
g.

−
0.

24
0.

09
0.

71
−

2.
6

0.
63

−
2.

70

8.
 W

he
n 

I 
sw

al
lo

w
 f

oo
d 

st
ic

ks
 in

 m
y 

th
ro

at
.

−
0.

33
0.

09
1.

01
0.

10
1.

30
1.

90

9.
 I

 c
ou

gh
 w

he
n 

I 
ea

t.
−

0.
24

0.
09

1.
60

*
4.

20
*

1.
80

*
4.

30
*

10
. S

w
al

lo
w

in
g 

is
 s

tr
es

sf
ul

.
−

0.
26

0.
09

0.
58

−
4.

00
0.

53
−

3.
70

* =
 m

is
fi

t i
te

m
 to

 th
e 

m
ea

su
re

m
en

t m
od

el
; M

nS
q=

m
ea

n 
sq

ua
re

; Z
st

d=
st

an
da

rd
iz

ed
 z

 v
al

ue

Disabil Rehabil. Author manuscript; available in PMC 2019 March 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wilmskoetter et al. Page 25

Table 4

Items in measure order (Item Difficulty Hierarchy)

Item Difficulty Eating Assessment Tool Item Total Score Measure Error

Least commonly reported as a problem

Most commonly reported as a problem

6. Swallowing is painful. 111 0.83 0.11

1. My swallowing problem has caused me to lose weight. 126 0.67 0.10

3. Swallowing liquids takes extra effort. 173 0.23 0.09

2. My swallowing problem interferes with my ability to go out 
for meals.

179 0.18 0.09

9. I cough when I eat. 231 −0.24 0.09

7. The pleasure of eating is affected by my swallowing. 232 −0.24 0.09

10. Swallowing is stressful. 234 −0.26 0.09

8. When I swallow food sticks in my throat. 243 −0.33 0.09

5. Swallowing pills takes extra effort. 250 −0.38 0.09

4. Swallowing solids takes extra effort. 258 −0.45 0.09
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