The Emotion Dysregulation Inventory: Psychometric Properties and
Item Response Theory Calibration in an Autism Spectrum Disorder
Sample
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Individuals with autism spectrum disorder (ASD) often present with prominent emotion dysregulation that requires
treatment but can be difficult to measure. The Emotion Dysregulation Inventory (EDI) was created using methods
developed by the Patient-Reported Outcomes Measurement Information System (PROMIS®) to capture observable
indicators of poor emotion regulation. Caregivers of 1,755 youth with ASD completed 66 candidate EDI items, and
the final 30 items were selected based on classical test theory and item response theory (IRT) analyses. The analyses
identified two factors: (a) Reactivity, characterized by intense, rapidly escalating, sustained, and poorly regulated neg-
ative emotional reactions, and (b) Dysphoria, characterized by anhedonia, sadness, and nervousness. The final items
did not show differential item functioning (DIF) based on gender, age, intellectual ability, or verbal ability. Because
the final items were calibrated using IRT, even a small number of items offers high precision, minimizing respondent
burden. IRT co-calibration of the EDI with related measures demonstrated its superiority in assessing the severity of
emotion dysregulation with as few as seven items. Validity of the EDI was supported by expert review, its association
with related constructs (e.g., anxiety and depression symptoms, aggression), higher scores in psychiatric inpatients
with ASD compared to a community ASD sample, and demonstration of test-retest stability and sensitivity to change.
In sum, the EDI provides an efficient and sensitive method to measure emotion dysregulation for clinical assessment,
monitoring, and research in youth with ASD of any level of cognitive or verbal ability. Autism Res 2018, 11: 928-
941. © 2018 International Society for Autism Research, Wiley Periodicals, Inc.

Lay Summary: This paper describes a new measure of poor emotional control called the Emotion Dysregulation
Inventory (EDI). Caregivers of 1,755 youth with ASD completed candidate items, and advanced statistical techniques
were applied to identify the best final items. The EDI is unique because it captures common emotional problems in
ASD and is appropriate for both nonverbal and verbal youth. It is an efficient and sensitive measure for use in clinical
assessments, monitoring, and research with youth with ASD.
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PROMIS®

Introduction

Emotion Dysregulation in ASD manifestations of emotion dysregulation, present to at

least a moderate degree in over 80% of youth with ASD
[Mayes et al., 2017]. Emotion dysregulation has also
been proposed as a potential mechanism to explain the
high rates of diagnosis of comorbid psychiatric disor-
ders in ASD [Mazefsky et al., 2013; White et al., 2014].
Indeed, studies indicate that less effective emotion regu-
lation is associated with more symptoms of depression
and anxiety [Mazefsky, Borue, Day, & Minshew, 2014;

Emotion dysregulation, or difficulty modulating emo-
tion in the service of one’s goals, is common in individu-
als with autism spectrum disorder (ASD) [Weiss, Riosa,
Mazefsky, & Beaumont, 2017]. Delayed, maladaptive, or
ineffective emotion regulation has been found in young
children [Konstantareas & Stewart, 2006; Nuske et al.,
2017] and older children, adolescents, and adults [Mazef-

sky, Borue, Day, & Minshew, 2014; Samson, Huber,
Gross, 2012; Samson, Hardan, Lee, Phillips, & Gross,
2015] with ASD. Irritability is one of the most common

Rieffe et al., 2011] and externalizing behaviors, in peo-
ple with ASD [e.g., Patel, Day, Jones, & Mazefsky, 2016;
Pouw, Rieffe, Stockmann, & Gadow, 2013; Ting &
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Weiss, 2017; Samson, Hardan, Podell, Phillips, & Gross,
2015].

In addition to the impairment related to psychiatric
and behavioral problems, cross-sectional research sug-
gests that emotion dysregulation is associated with
poor functioning in other domains. Emotion dysregula-
tion can exacerbate social deficits and interfere with the
ability to make social and communication gains if not
addressed [Prizant, Wetherby, Rubin, & Laurent, 2003].
Further, personal accounts from individuals with ASD,
teachers, and caregivers identify emotion dysregulation
as a critical barrier that interferes with success in main-
stream secondary classrooms [Ashburner, Ziviani, &
Rodger, 2010] and the transition into college [White
et al., 2016].

Measurement of Emotion Dysregulation in ASD

Studies of emotion dysregulation in ASD have relied on
measures that were developed for typically developing
populations, and their psychometric properties have
not been investigated in ASD [Weiss, Thomson, &
Chan, 2014]. There is evidence that psychometric prop-
erties can differ substantially in ASD, even for measures
that are psychometrically robust in non-ASD samples
[e.g., White et al., 2015]. Another challenge with utiliz-
ing measures developed in the general population is
the wide range of verbal and cognitive abilities that
characterize ASD. Most measures of emotional con-
structs include at least some items that would be inap-
propriate in a minimally verbal child [e.g., “can say
when s/he is feeling sad, angry, or mad or fearful or
afraid” from the Emotion Regulation Checklist; Shields &
Cicchetti, 1997]. Self-report emotion regulation mea-
sures have been utilized with higher-functioning sam-
ples of individuals with ASD, but are not appropriate
for those with significant intellectual disability. One
option for assessing emotion regulation with less verbal
individuals is coding responses to structured tasks [Jah-
romi, Meek, & Ober-Reynolds, 2012; Nuske et al., 2017;
Zantinge, van Rijn, Stockmann, & Swaab, 2017], which
can be informative in the research setting, but is time-
intensive and therefore not practical for routine clinical
care.

One caregiver report measure developed for ASD and
appropriate across the full range of verbal ability is the
Aberrant Behavior Checklist (ABC) [Aman, Singh, Stew-
art, & Field, 1985a,b]. Its Irritability Subscale (ABC-I)
has been widely used in clinical trials with success, but
it may be a better measure of behavioral, rather than
emotional, dysregulation [Mikita et al., 2015]. Factor
loadings of the ABC suggest that four of the five highest
loading items on the Irritability Subscale assess self-
injurious behavior and aggression [Kaat, Lecavalier, &
Aman, 2014]. As such, there is a need for brief measures
of emotion dysregulation validated for ASD that can be

used with youth of any cognitive or verbal ability as
part of a multi-modal battery assessing various aspects
of emotion regulation.

Development of the Emotion Dysregulation Inventory

To address this gap, we developed a caregiver report
measure of emotion dysregulation that taps observable
signs of poor emotion regulation, called the Emotion
Dysregulation Inventory (EDI). We began with caregiver
report by questionnaire because it is an efficient
method of assessment that is appropriate in situations
when the individual is unable to report due to cogni-
tive or other limitations [Irwin et al., 2012]. Obtaining
caregiver perspectives on emotion dysregulation is also
helpful given that limited emotional insight and aware-
ness is common in ASD [Griffin, Lombardo, & Auyeung,
2016]. In addition, health care utilization is predicted
by maternal perceptions of child health and function-
ing [Janicke, Finney, & Riley, 2001; Ravindran & Myers,
2012], which suggests that caregiver perspective is an
important component of assessment in clinical settings.

Determining what content to include as representa-
tive of emotion dysregulation is a complex challenge
because there are many theories that emphasize differ-
ent components and processes [see Coppin & Sander,
2016 and Gross, 2013 for review]. A recurring issue is
the distinction between the initial experience of emo-
tion and its regulation. Although there are theoretical
reasons to distinguish them, they are often difficult to
separate in practice. In fact, a recent investigation of
questionnaires designed to measure either emotion reg-
ulation strategies or emotional reactivity concluded
that “the tendency to experience strong negative emo-
tion appeared indistinguishable from the failure to reg-
ulate such emotions” [Zelkowitz & Cole, 2016]. Thus,
items tapping both emotional experience/reactivity and
regulation were included in the EDI item bank [Mazef-
sky et al., 2016] and we explored the dimensionality of
emotion dysregulation empirically.

The techniques we utilized to develop the EDI items
and the psychometric analyses described here are based
on methodologies developed for the Patient-Reported
Outcomes Measurement Information System (PROM-
IS®), an NIH Roadmap initiative designed to improve
self-reported outcomes using state-of-the-art psycho-
metric methods (for detailed information, see http://
www.nihpromis.org/). A distinction between PROMIS
and traditional measure development in ASD is the
emphasis on Item Response Theory (IRT) analyses. IRT
offers many advantages that result in improved preci-
sion [Embretson & Reise, 2000]. In particular, IRT mod-
els provide information about how well single items, as
well as the full set of items, discriminate between peo-
ple with differing degrees of severity in addition to
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Table 1. Sample Characteristics

Combined (n = 1755)

IAN (n = 1,323) AIC (n=432)

ASD confirmation
Age M=12.3 (SD=3.2)
Range 4-20
27.8% (n = 248)
55.3% (n=951)
20.9% female (n = 367)
89.5% (n=1571)

Intellectual ability (n =891)
Verbally fluent (n=1719)
Gender (n = 1755)

Race

White

African-American
Ethnicity-Hispanic

7.2% (n=127)
8.3% (n = 146)

Clinical diagnosis + SCQ > 12
M=12.1 (SD=3.2)
Range 6-17.9
25.9% 1Q<70 (n = 175)
56.9% (n=732)
20.9% female (n = 277)
91.5% (n=1210)

ADOS-confirmed + expert opinion
M=13.1 (SD =3.3)
Range 4-20
34.0% IQ <70 (n=173)
50.7% (n = 219)

20.8% female (n = 90)
83.6% (n=1361)

6.2% (n = 82)
9.6% (n =127)

10.4% (n = 45)
95.3% (n = 19)

Note: Intellectual ability was estimated based on direct assessment with the nonverbal intelligence quotient (NVIQ) standard score of the Leiter
International Performance Scale—Third Edition in the AIC, and by caregiver report to the question “what was (child’s name) most recent IQ score?”
with response options in ranges in IAN. Participants were considered verbally fluent if they required an ADOS module 3 or 4 for the AIC, consistent
with standard ADOS administration guidelines, or were rated by caregivers as having “meaningful, fluent speech” for IAN.

providing methods to assess whether items function
differently based on certain demographic characteristics
(e.g., gender or verbal ability).

Following the guidelines set forth by PROMIS, the
objectives of this study were to use a large ASD sample
to: (1) determine the dimensionality (e.g., factor struc-
ture) of emotion dysregulation as measured by EDI
items, (2) evaluate the psychometric properties of indi-
vidual EDI items to identify the most sensitive and psy-
chometrically robust items; (3) ensure that the EDI
items are not biased within the ASD population by
identifying any DIF based on gender, age, intellectual
ability and verbal ability, and (4) examine the validity
of the EDI by (a) assessing the convergence between the
EDI and measures of other related constructs, (b) estab-
lishing criterion validity by comparing groups with
expected mean differences (e.g., a community ASD sam-
ple and a sample of psychiatric inpatients with ASD),
and (c) investigating the EDI’s test-retest stability and
sensitivity to change.

Methods
Overview

The item development process was described in detail
in Mazefsky et al. [2016]. In brief, the item pool was
generated based on a comprehensive literature review,
generation of a conceptual model, and assignment of
items to an item hierarchy to ensure adequate coverage
of key constructs. Once the initial item pool was devel-
oped, interviews were completed with 19 parents of
youth with ASD to assess their understanding of the
items and their decision-making processes when select-
ing their responses. Information generated from these
interviews, along with input from a panel of experts in
measure development and emotion dysregulation in
ASD, was utilized to revise the items, directions, and
response options and arrive at the final 66 candidate

items that were used for psychometric analyses and
calibration.

Participants

Our sampling strategy utilized two sources to obtain a
sample that was representative of the full spectrum of
severity of ASD (The Interactive Autism Network; IAN)
while also being enriched with the most extreme forms
of emotion dysregulation in ASD (Autism Inpatient Col-
lection; AIC) (see Table 1). Overall, the sample was pre-
dominantly Caucasian and non-Hispanic.

The Interactive Autism Network. IAN is an online
registry of individuals with parent-reported professional
ASD diagnoses in the United States that was developed
to support internet-based research studies and aid in
recruitment. Participants in IAN’s registry were invited
to complete this study if they had a Social Communica-
tion Score-Lifetime Version (SCQ; Rutter, Bailey, and Lord,
2003] of >12 and were between the ages of 6-17 years
old. Parent-reported professional diagnosis of ASD has
been verified by medical records [Daniels et al., 2012].
Community professional diagnosis of ASD has also
been validated [Lee et al., 2010; Marvin et al., 2014].
Invitations to participate in this study were sent to
11,648 registrants, 9,926 did not respond, 1,642
expressed an interest, and 1,323 participated.

The Autism Inpatient Collection. The AIC is a six-
site study of children, adolescents, and young adults
admitted to specialized inpatient psychiatric units for
youth with ASD and other developmental disorders.
The full methods of the AIC have been published [Sie-
gel et al., 2015]. The AIC included patients between the
ages of 4-20 years old, though very few were younger
than 6 (n=29). Participants with a score of >12 on the
SCQ or high suspicion of ASD from the inpatient
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clinical treatment team were eligible for enrollment.
Inclusion in the AIC dataset required confirmation of
ASD diagnosis by research-reliable administration of the
Autism Diagnostic Observation Schedule-2 [ADOS-2; Lord
et al.,, 2000]. Exclusion criteria were the lack of avail-
ability of a caregiver proficient in English or status as a
prisoner for the individual with ASD.

Measures

Emotion Dysregulation Inventory. The EDI item
bank for psychometric analysis consisted of 66 items
(Mazefsky et al., 2016) rated on a five-point scale of
problem severity over the past 7 days: Not at all=0,
Mild = 1, Moderate = 2, Severe = 3, Very Severe = 4.

Aberrant Behavior Checklist. The ABC is a care-
giver report of problem behavior for children and
adults with developmental disabilities [Aman et al.,
1985a,1985b]. It has five subscales, with items scored
on a 7-point Likert scale: (I) Irritability (15 items; tap-
ping various aspects of behavioral dysregulation), (II)
Lethargy/Social Withdrawal (16 items), (III) Stereotypic
Behavior (7 items), (IV) Hyperactivity (16 items), and
(V) Inappropriate Speech (4 items).

Child Behavior Checklist. The Child Behavior
Checklist (CBCL) is a widely used measure of psychiat-
ric symptoms [Achenbach & Rescorla, 2001]. Items are
scored in reference to the past month as 0 =not true,
1= sometimes or somewhat true, and 2 =very true or
often true, producing scores for several specific syn-
drome scales. The scales used in analyses included: Anx-
ious/Depressed (13 items), Withdrawn/Depressed (8
items), and Aggressive Behavior (18 items). In addition,
Samson et al [2014] derived an Emotion Dysregulation
Index based on 18 CBCL items that experts in emotion
regulation agreed captured the construct. Because Sam-
son et al. [2014] completed this work in an ASD sample,
it was also used in analyses of convergent validity as a
supplement to the CBCL’s standardized scales.

Procedures

All participants were first determined to meet inclusion
criteria regarding ASD status and age. IAN participants
were asked to complete the EDI and ABC concurrently.
Those who completed this step (n=1,435) were then
asked to complete additional questionnaires including
the CBCL. IAN participants completed the EDI a second
time 4 weeks later, together with a questionnaire that
asked about any changes in treatment during that time
period. For the AIC, the EDI and ABC are part of the
core battery completed by caregivers during the first
week of their child’s inpatient stay. The CBCL was

completed during the stay. The CBCL was added to the
AIC protocol in Year 3 of data collection, so CBCL data
were not available for all inpatients. The EDI was com-
pleted by caregivers a second time at discharge.

Psychometric Analysis

Factor analysis. We did not expect that all 66 EDI
items would reflect a single underlying trait. Although
item development was informed by a conceptual
model, our goal was to identify the most robust latent
constructs empirically and to document sufficient unidi-
mensionality for each of them so that we could proceed
with IRT analyses in which the credibility of model
parameters relies on the assumption of unidimensionality.
In addition, we wanted to explore if the factor structures
were the same for the IAN sample and the combined
(IAN + AIC) sample. Therefore, the IAN sample (n = 1323)
and the combined sample (1= 1755) were randomly split
into two, non-overlapping subsamples: One for explor-
atory factor analysis (EFA; n for IAN=680, n for
combined = 870) and the other for confirmatory factor
analysis (CFA: n for IAN =643, n for combined =885).
Both EFA and CFA were conducted using Mplus 6.2 with
promax rotation [Muthen & Muthen, 2007]. Factor load-
ings, scree plots, and eigenvalues were evaluated. We
focused on the ratio of eigenvalues in EFAs and the rela-
tive proportions of variance accounted for by the factors
extracted. We also emphasized the magnitude of factor
loadings that appeared in both EFAs and CFAs and the fit
and information values reflected in IRT models. If the fac-
tor structures were the same, we planned to use the com-
bined sample for the IRT analysis.

IRT analysis. The most commonly used IRT model
for polytomous items (i.e., items with 3 or more ordinal
response categories) is the two-parameter graded response
model [GRM; Samejima, 1969]. The GRM has a slope
parameter and n—1 threshold parameters for each item,
where n is the number of response categories. The slope
parameter measures item discrimination, i.e., how well
the item differentiates higher versus lower levels of sever-
ity (or ® in IRT terms). Useful items have larger slope
parameters. Threshold parameters measure item difficulty,
i.e.,, the ease versus difficulty of endorsing different
response options for an item. For example, the first
threshold parameter for an item tells us where along the
O scale of severity a respondent is more likely to endorse
a response of “mild” rather than “not at all” (see Fig. 1
for an example from the EDI).

Items remaining in the pool for each construct,
i.e. factor, were calibrated with the two-parameter GRM
using IRTPRO 3.1. The convergence criterion for the
EM cycles was set to 0.0001, with the number of cycles
set to 100. Summed z? were used to evaluate the model
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"Emotions go from 0 to 100 instantly”
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Figure 1.

fit at the item level. Each item pair within each factor
was evaluated for local dependency using LD »2.

Differential item functioning analysis. DIF occurs
when characteristics such as gender, which may seem
extraneous to the assessment of the constructs under
consideration, actually do have an effect on measure-
ment. An item is flagged for DIF if it is more (or less)
difficult to endorse or more (or less) discriminating in
some focal group (compared to a reference group) when
the different subgroups have been matched on the
latent trait under investigation. We conducted DIF
analyses (for both uniform and non-uniform DIF) on
the basis of gender, age, verbal ability, and intellectual
ability. For verbal ability, participants were considered
fluent if they required an ADOS module 3 or 4 for the
AIC, consistent with standard ADOS administration
guidelines, or were rated as having “meaningful, fluent
speech” in response to the question “how would you
best describe (child name’s) current verbal ability” for
IAN. Intellectual ability was estimated based on direct
assessment with the nonverbal intelligence quotient
(NVIQ) standard score of the Leiter International Perfor-
mance Scale— Third Edition [Leiter-3; Roid, Miller, Pom-
plun, and Koch, 2013] in the AIC, and by caregiver
report to the question “what was (child’s name) most
recent 1Q score?” with response options in ranges in
IAN. To dichotomize for DIF, IQ was categorized as >70
or <70. Two different DIF procedures were employed:
the IRT likelihood ratio method [Thissen, Steinberg, &
Wainer, 1993] embedded in IRTPRO and an ordinal
logistic regression procedure (Zumbo, 1999]. Items were

Example of theta and total information scores from an item on the EDI.

considered for removal if they showed significant DIF
(P<0.01) by both methods [Teresi et al., 2009].

Concurrent calibrations with ABC and CBCL. Con-
current calibration refers to estimating item parameters
across multiple measures on a single computer run. We
fixed the final item parameters for the EDI bank and
calibrated relevant ABC and the CBCL items with these
same parameters using the GRM. The procedure places
all items on the same latent trait scale of the EDI bank.
We compared the EDI Reactivity item bank, its short
form (EDI-SF), and the CBCL Emotion Dysregulation
Index (CBCL-EDI) as another index of emotion dysregu-
lation that has been used in ASD, with commonly used
measures of related constructs, including the ABC-I and
CBCL Anxious/Depressed scale.

Convergent and criterion validity and change sen-
sitivity evidence. To evaluate convergent and dis-
criminant validity, we correlated theta scores on the
EDI domains with ABC subscales and CBCL subscales
by IAN sample, AIC sample, and the combined EDI
sample. We compared means between groups expected
to differ (more emotion dysregulation expected in the
inpatient versus community sample). To evaluate
test-retest stability and change-sensitivity, paired t-
tests were utilized to compare 4-week retest theta
scores in IAN participants whose caregivers reported
no changes in services or treatments during that time
span (scores expected to be similar at both time
points), and between admission and discharge scores
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for AIC participants (scores expected to be lower at
discharge).

Results
Sample Characteristics

Table 1 summarizes the characteristics of the IAN sam-
ple, the AIC sample, and the combined sample. The age
and gender distributions were similar between IAN and
AIC, but AIC had significantly higher proportions of
low IQ and low verbal ability.

Factor Structures in the Two Samples

Given the differences of IQ and verbal ability for the
IAN and AIC samples, EFA was performed separately
and with the combined sample. We compared the
eigenvalues of 1- through S5-factor structures for these
three samples. The eigenvalues and factor structures
were similar across the three samples; therefore, the
combined sample was used for all additional analysis.
The 1- and 2-factor solutions emerged as the most
meaningful, given the scree plots, the magnitude of
eigenvalues, and clinical interpretation. Factor 1 (F1)
was characterized by items capturing rapidly escalating,
intense, and labile negative affect as well as difficulty
down-regulating that affect (sustained reactions and
trouble calming down). Factor 2 (F2) included items
that reflect common definitions of general negative
affect (sadness, unease, and anxiety) as well as low
motivation. The second round of EFA on the combined
sample retained 53 items with the same general content
(36 items loaded on F1 and 17 items loaded on F2) after
we deleted 13 items with smaller factor loadings (less
than 0.45). No items had >0.45 loading on both fac-
tors. The correlations between the two factors was 0.51.
We performed single-factor CFAs on the reduced item
pools to confirm their unidimensionality, using the sec-
ond half of the sample (n=885). For F1, all factor load-
ings were greater than .50, and several fit indices were
strong (CFI=0.96, TLI=0.96) or adequate (RMSEA =
0.086 with 90% CI of 0.085-0.088). For F2, all factor
loadings were larger than .45 and fit indices were more
modest, revealing less homogeneity in CFA terms
(reflected primarily in a larger RMSEA: RMSEA= 0.117
with 90% CI of 0.111-0.122, CFI =0.86, TLI = 0.84).

IRT Calibrations

The two item banks were calibrated separately using the
two-parameter GRM in IRTPRO. For F1, nine items with
item information less than 1.0 and discrimination
parameter less than 1.0 were removed, leaving a total of
27 items. For F2, five items with item information and
discrimination parameter estimates less than or equal
to 1.0 were removed, leaving a total of 12 items.

Following a second round of IRT calibration, one item
was eliminated on the basis of model misfit (P <0.001)
from F1. We also examined local dependency (i.e.,
residual correlations) in the IRT models using the LD
¥2. Two additional items from F1 and one item from F2
were eliminated due to local dependency. Finally, our
analyses of DIF by gender, age, verbal ability and IQ
flagged no items by both DIF methods, and no further
items were eliminated for this reason. Item information
curves were also examined to eliminate items with lim-
ited information, i.e., >0.50. For F2, an additional five
items were eliminated due to limited item information.

Thus, the final calibrated item banks included 30
items: 24 items for F1 and 6 items for F2. The final
items had a Flesch Reading Ease score of 71.9 (on a
scale of 0-100 with higher scores indicating easier to read)
and a Flesch-Kincaid grade equivalent of 5.1. The final
items, together with their IRT parameters, are summarized
in Tables 2 and 3. In general, the discrimination parame-
ter estimates were larger for F1 than those for F2, and the
range of threshold parameter estimates was wider for F1
than F2, results attributable in part to the larger number
of items in F1 that survived the process of pruning items.
Test information curves and plots of corresponding stan-
dard errors are displayed in Figures 2 and 3. Information
values of 10 correspond approximately to CTT reliability
of .90. At this threshold, the effective range of measure-
ment varied between F1 and F2, but in both cases, they
were substantial: F1, —2 to +2.5 SDs, and F2, 0 to +2.5
SDs. Although F2 offers less precision below the average
score, it measures negative affect so has the most clinical
relevance when elevated. However, overall, F1 was more
robust than F2, with more items, better IRT parameters,
and smaller standard errors.

Table 4 shows the final structure of the EDI, includ-
ing the two factors, the content of the items nested
within each factor, and the number of items in each
content area. Factor 1 was named “Reactivity” and Fac-
tor 2 was named “Dysphoria.” The correlation between
the two EDI factors was .63 in the combined sample,
.50 for AIC, and .59 for IAN, all significant at P <0.001.

Selection of Items for Short Forms

To be able to provide a static short form as an alterna-
tive for computerized adaptive testing (CAT) adminis-
tration, we rank ordered F1 items on four criteria:
discrimination parameters, the percentage of times the
item would have been selected in a simulated CAT
using our calibration sample, expected information
under the standard normal distribution with a mean of
0 and SD of 1, and expected information under a nor-
mal distribution with a larger SD, i.e., a mean of 0 and
SD of 1.5 [Choi, Reise, Pilkonis, Hays, & Cella, 2010].
The CAT simulations were performed using the Firestar
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Table 2.

Item Parameter Estimates for F1/Reactivity in Descending Order of the Slope Parameter

Item Stem a b1 b2 b3 b4
°EDI3 Has explosive outbursts 3.66 —0.83 —0.2 0.43 1.12
EDI21 Hard to calm him/her down when mad or upset 3.53 —-1.21 —0.38 0.37 1.06
°EDI19 Has extreme or intense emotional reactions 3.43 —1.06 —0.26 0.48 1.26
°EDI36 Has trouble calming him/herself down 3.37 —1.04 —0.15 0.56 1.32
*EDI34 Emotions go from 0 to 100 instantly 3.26 —0.93 —0.18 0.42 1.09
°EDI4 Cries or stays angry for 5 min or longer 3.20 —0.92 —0.17 0.55 1.30
EDI42 Seems to be in a rage 2.99 —0.08 0.46 0.99 1.61
EDI52 Has mood swings 2.98 —0.81 0.06 0.71 1.45
EDI24 Reactions are so intense that he/she has had to be removed from an activity or place 2.98 —0.48 0.04 0.60 1.14
*EDI46 Reactions usually are more severe than the situations calls for 2.97 -1.23 —0.46 0.32 1.16
EDI1 Appears angry or irritable 2.91 —-1.37 —0.33 0.65 1.55
EDI53 Difficult to distract if he/she is frustrated or upset 2.86 —1.18 —0.26 0.49 1.27
EDI59 Easily triggered/upset (you have to walk on eggshells around him/her) 2.80 —0.55 0.14 0.68 1.26
EDI6 Cannot calm down without help from someone else 2.55 —0.85 —0.02 0.80 1.72
EDI8 Frustrates easily 2.50 -1.91 —0.65 0.32 1.22
EDI28 When upset or angry, he/she stays that way for a long time 2.42 —0.54 0.28 1.08 1.80
EDI50 Becomes upset without a clear reason 2.39 —0.63 0.16 0.88 1.71
EDI26 Physically attacks people 2.36 0.00 0.50 0.96 1.51
EDI58 Cannot change his/her mood even with your best efforts 2.31 —0.51 0.35 1.10 2.02
EDI13 Breaks down (crying, screaming) if told he/she can't do something 2.23 —0.80 —0.05 0.59 1.35
EDI7 Suddenly switches to an opposite emotion (e.g. from sad to happy) 2.15 —0.62 0.25 1.04 1.91
EDI38 Tense or agitated and unable to relax 2.04 —0.71 0.23 1.11 2.00
EDI27 Seems on edge 1.95 —0.58 0.32 1.15 2.10
EDI10 Destroys property on purpose 1.82 —0.05 0.57 1.12 1.81

Note: ®denotes short form items. Column a displays the slope parameter (how well the item discriminates between respondents with low or high
reactivity). Columns b1-b4 display threshold values for individual responses (low threshold values indicate that the item is sensitive to low severity
levels and high threshold values indicate that the item is sensitive to high severity levels).

Table 3. Item Parameter Estimates for F2/Dysphoria in Descending Order of the Slope Parameter

Item Stem a b1 b2 b3 b4
EDI43 Very little makes him/her happy 3.89 —0.01 0.65 1.33 2.07
EDI31 Does not seem to enjoy anything 2.63 0.20 0.99 1.74 2.43
EDI63 Seems sad or unhappy 2.60 —0.49 0.56 1.27 2.14
EDI64 Appears uneasy through the day 1.93 —0.30 0.72 1.61 2.38
EDI57 Not responsive to praise or good things happening 1.41 0.20 1.26 2.42 3.48
EDI51 Refuses to leave the house or go to school or activities unless forced 1.22 —0.09 0.79 1.66 2.64

Note. Column a displays the slope parameter (how well the item discriminates between respondents with low or high dysphoria). Columns b1-b4
display threshold values for individual responses (low threshold values indicate that the item is sensitive to low severity levels and high threshold

values indicate that the item is sensitive to high severity levels).

program [Choi, 2009]. For the CAT simulations, we set
the minimum number of items to be administered to
8 and the maximum number of items to be adminis-
tered to be the full bank. We then selected 7 items for
the short form based on the convergence of the four
psychometric criteria, the content of candidate items,
and location parameters. In Table 2, daggers identify
the items selected for the short form. The correlation
between theta scores from the short form and the full
bank was 0.98.

Concurrent Calibrations with ABC and CBCL

To compare the final EDI item bank and its short form
to the widely used measures, items from the ABC and

CBCL were calibrated concurrently with the EDI item
bank. Figure 4 displays the test information curves.
Overall, the full EDI Reactivity item bank provided the
most test information, in large part, because of the
large number of items the full bank contains. The per-
formance of the EDI-SF provides additional support for
the EDI’s utility. Even with fewer items, it provides the
same amount of information as the ABC-I and more
information than the CBCL-EDI and CBCL-Anxious/
Depressed scale.

Convergent and Criterion Validity

Initial evidence for construct validity was based on
expert review [see Mazefsky, et al. 2016]. In addition,
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Figure 3. Total test information curves for Factor 2 (Dysphoria).

correlations with related measures revealed expected
patterns (see Table 5). In particular, both EDI factors
(Reactivity and Dysphoria) were positively and moder-
ately to strongly correlated with measures of similar
constructs and as expected with scores for other behav-
ioral and emotional problems, based on prior literature
demonstrating an association between emotion regula-
tion and these constructs. Interestingly, the magnitude
of correlations differed somewhat between the IAN and
AIC samples, potentially due to the AIC sample including
more severely affected youth and the related measures
including some items that would be difficult to rate in
minimally verbal or intellectually impaired youth. Finally,
the AIC group had significantly higher EDI Reactivity
(mean = 0.91, SD =0.80) and EDI Dysphoria theta scores

Table 4. Content of EDI Reactivity and Dysphoria Factors
EDI Reactivity (F1) EDI Dysphoria (F2)

Item Number Item Number
Content of Items Content of Items
Sustained reactions 5 Decreased positive affect 3
Intensity 4 Nervousness and fear 2
Poor modulation 3 Increased negative affect 1
Rapid escalation 3

Increased negative affect 3

Lability 2

Hyperarousal 2

Disturbed behavior 2

Note: Content classifications are based on the original conceptual
model (Mazefsky et al., 2016). Categories are shown in order of
descending number of items.

60+ —— EDI (24 Items)
——— EDI Short Form (7 Items)
1----- ABC | (15 Items)

--=-—-= CBCL EDI (18 Items)
CBCL AD (13 ltems)

Total Information

Theta

Figure 4. Test information comparison with related measures.

(mean = 0.55, SD = 0.83) than the IAN sample (EDI Reac-
tivity: mean=-0.30, SD=0.85, t=25.8, df=1753,
P<0.001; EDI Dysphoria: mean=—0.18, SD=0.87,
t=15.4, df=1753, P<0.001). These findings suggest that
EDI scores differ in expected ways between known groups,
in support of criterion validity. In addition, the AIC inpa-
tient group had a higher percentage of items scored as
moderately intense or higher as compared to the IAN
community sample (see Table 6).

Paired t-tests to evaluate the stability and change sen-
sitivity of the Reactivity Short Form and Dysphoria
theta scores are reported in Table 7. As expected, the
scores were relatively stable in the IAN sample across a
4-week period, whereas there was a significant decrease
in scores from admission to discharge for the AIC
sample. Although there was a significant decrease in

Mazefsky et al./Emotion dysregulation inventory
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Table 5.

Correlations between Emotion Dysregulation Inventory Theta Scores and Related Measures

Combined sample AIC sample IAN sample
Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
r n r N r N r n r n r n
ABC Irritability 0.835 1668 0.543 1668 0.651 418 0.347 418 0.815 1250 0.492 1250
ABC Lethargy 0.322 1696 0.540 1696 0.153 418 0.405 418 0.314 1278 0.556 1278
ABC Stereotypy 0.378 1701 0.278 1701 0.222 419 0.163 419 0.346 1282 0.241 1282
ABC Hyperactivity 0.656 1677 0.378 1677 0.473 419 0.203 419 0.606 1258 0.305 1258
ABC Speech 0.347 1707 0.190 1707 0.315 418 0.171 418 0.320 1289 0.141 1289
CBCL Samson Emotion 0.748 1263 0.575 1263 0.675 120 0.312 120 0.718 1143 0.561 1143
Dysregulation Index
CBCL Anxious/Depressed 0.400 1277 0.479 1277 0.300 119 0.335 119 0.420 1158 0.496 1158
CBCL Withdrawn/Depressed 0.221 1299 0.564 1299 0.150 118 0.482 118 0.215 1181 0.573 1181
CBCL Aggressive Behavior 0.737 1252 0.482 1252 0.589 121 0.172 121 0.709 1131 0.460 1131

Note: All correlations significant at P < .001; ABC = Aberrant Behavior Checklist, CBCL = Child Behavior Checklist, AIC = Autism Inpatient Collec-

tion, IAN = Interactive Autism Network.

Table 6. Percent of Participants with Ratings of Moderate or Higher
Combined AIC IAN

Item Stem N % n % n %
Factor 1/Reactivity (Short Form)
Reactions usually are more severe than the situation calls for 1121 63.9 370 85.6 751 56.8
Hard to calm him/her down when mad or upset 1083 61.7 388 89.8 695 52.5
Has extreme or intense emotional reactions 1015 57.8 366 84.7 649 49.1
Has explosive outbursts 969 55.2 385 89.1 584 44.1
Emotions go from 0 to 100 instantly 959 54.6 367 85.0 592 44.7
Has trouble calming him/herself down 952 54.2 372 86.1 580 43.8
Cries or stays angry for 5 min or longer 942 53.7 369 85.4 573 43.3
Factor 2/Dysphoria
Seems sad or unhappy 559 31.9 264 61.1 295 22.3
Refuses to leave the house or go to school or activities unless 556 31.7 192 bbb 364 27.5

forced
Appears uneasy throughout the day 512 29.2 236 54.6 276 20.9
Very little makes him/her happy 484 27.6 209 48.4 275 20.8
Not responsive to praise or good things happening 362 20.6 120 27.8 242 18.3
Does not seem to enjoy anything 345 19.7 118 27.3 227 17.2

Note: Items were ordered in descending order of their prevalence in the combined sample.

Reactivity scores across 4 weeks in the IAN sample, the
effect size was very small, in comparison to very large
effect sizes for the change in scores in the AIC sample.

Discussion

The EDI items were developed and refined through a
systematic process of item development [Mazefsky
et al., 2016] and psychometric evaluation with over
1,700 youth with ASD, resulting in a 24-item bank and
a 7-item short form for reactivity, and a 6-item set for
dysphoria. Of primary importance to the overall objec-
tive of developing a sensitive measure of observable
indicators of emotion dysregulation, the test informa-
tion curves indicate that the measures for reactivity and

dysphoria capture a broad range of severity with a high
degree of precision. This result is especially true of the
item bank and short form for reactivity, which emerged
most robustly from the original item pool.

Both factor analysis and IRT results supported two
separate factors rather than a single factor for emotion
dysregulation. The distinction between the two factors
is consistent with several theories related to the circum-
plex model of emotion that consider aspects such as
behavioral activation [Larsen & Diener, 1992], arousal,
and valence [Russell, 1980]. Specifically, Factor 1 (Reac-
tivity) captures high arousal and negative valence char-
acterized by irritability and anger, whereas Factor 2
(Dysphoria) captures lower arousal and negative valence
characterized by general unease (sadness and anxiety).
This factor structure also has some interesting parallels
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Table 7.
Sample of Psychiatric Inpatients with ASD (AIC)

EDI Change Scores across Four Weeks in a Treatment-Stable Sample (IAN) and from Admission to Discharge in a

Paired t-tests

Score at T1 Score at T2 Difference scores
Theta Score-Sample n Mean (SD) Mean (SD) Mean (SD) t P Effect size
F1/Reactivity SF-IAN 901 —0.35 (0.85) —0.40 (0.87) 0.05 (0.57) 2.94 0.003 —0.06
F1/Reactivity SF-AIC 222 0.92 (0.76) —0.29 (0.93) 1.21 (0.97) 18.45 <0.001 —-1.59
F2/Dysphoria-IAN 901 —0.21 (0.85) —0.23 (0.86) 0.02 (0.62) 1.07 0.284 —0.03
F2/Dysphoria-AIC 222 0.50 (0.83) —0.20 (0.80) 0.70 (0.86) 12.13 <0.001 —0.85

Note: SF = Short Form, for the IAN sample, the comparison was EDI scores completed four weeks apart. For the AIC sample, the comparison was

between psychiatric hospital admission and discharge EDI scores.

to the bi-factor model of psychopathology [Cicchetti &
Toth, 1991] and its internalizing (dysphoria) and exter-
nalizing (anger/reactivity) dimensions. In line with this,
Factor 1 (Reactivity) was more strongly associated with
measures of behavioral dysregulation (ABC Irritability,
CBCL Aggression) and Factor 2 (Dysphoria) was more
strongly associated with ABC Lethargy and CBCL With-
drawn/Depressed scores. It is worth emphasizing, how-
ever, that the two EDI factors were correlated and that
both factors correlated with all related measures, just
with some differences in magnitude.

Second, although Reactivity was considered the best
overall term to describe Factor 1, it includes items that
measure both initial emotional reactivity (e.g., rapidly
escalating and intense reactions, negative affect) and
difficulty down-regulating negative emotion once
aroused (e.g., sustained emotional reactions and diffi-
culty calming down once upset). This result is consis-
tent with a recent factor analysis of emotion regulation
and emotional reactivity measures in a typically devel-
oping population that supported a single factor captur-
ing both intense emotionality (particularly strong
negative emotion) and difficulty regulating those
responses [Zelkowitz & Cole, 2016]. We note that, in
temperament research, reactivity and regulation are
considered separately, both conceptually and in the
most commonly used assessment tools (as negative
emotionality and effortful control) [Rothbart, 2006].
However, Rothbart and Sheese [2007] argue against con-
sideration of temperament dimensions in isolation, due
to the likely interactions among them. Thus, any mea-
sure of emotion dysregulation or related constructs
should be part of a broader battery that considers multi-
ple traits that may influence the presentation of prob-
lematic behavior.

Conclusions and Utility of the EDI

When using the EDI in clinical or research contexts,
certain aspects of the study design should be consid-
ered. First, there may be some differences between
those who chose to participate in the study and those

who did not, particularly for the sample collected on-
line. In addition, although the AIC age minimum was 4
years old, the majority of the sample was over five years
old. Therefore, the EDI is most appropriate for use with
those over five. Modifications are underway to develop
a version for two to five year olds. Finally, the cultural
sensitivity of the EDI should be explored in large
diverse samples.

Although developed to address a gap in available
measures for ASD, we anticipate that the EDI is applica-
ble outside of the ASD field as well. Emotion regulation
is a transdiagnostic mechanism that is relevant to many
psychiatric disorders [Aldao, Nolen-Hoeksema, & Schwe-
izer, 2010; Cicchetti, Ackerman, & Izard, 1995; Fernandez
et al.,, 2016; Schafer, Naumann, and Holmes, 2017]. The
potential utility of the EDI in other populations is sup-
ported, in part, by convergence of our factor structure
with the non-ASD literature [e.g., Zelkowitz & Cole,
2016]. We are currently collecting a large sample represen-
tative of the United States population to investigate the
psychometric properties of the EDI outside of ASD.

The more immediate contribution of the EDI will be
to understanding and supporting youth with ASD,
given that it is the first measure of emotion dysregula-
tion developed for and validated in ASD wusing
advanced item analyses to enhance sensitivity and effi-
ciency. Given its brevity, the EDI provides a new oppor-
tunity for screening of emotion dysregulation in ASD.
It has been argued that systematic screening of emo-
tional and behavioral concerns should be a part of rou-
tine care given the prominence of these problems
among youth with ASD [Chandler et al., 2016]. The
observed correlations between the EDI and aggression,
withdrawal/depression, and other problematic behav-
iors further support the importance of identifying emo-
tion dysregulation.

The EDI may also be useful as an outcome measure
or as a mediator in treatment trials for ASD [Lerner
et al., 2012]. Given that the EDI emphasizes observable
signs of dysregulation rather than a single model of regu-
latory strategies, it can be used in comparative effective-
ness studies that evaluate different treatment approaches,
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as well as to determine what works best, and for whom,
in line with the emphasis on personalized approaches to
medicine [Norcross & Wampold, 2010]. Measures of emo-
tion regulation strategies were not included in the EDI’s
psychometric battery due to the large percentage of mini-
mally verbal participants and use of caregiver report, but
determining how EDI scores vary based on patterns of
emotion regulation strategy use may inform treatment
development efforts.

Finally, the EDI could be utilized to inform our
understanding of ASD’s underlying biology. Application
of the EDI with concurrent physiological assessment
may be informative, particularly if the EDI factors are
conceptualized as related to arousal [Russell, 1980]. In
addition, there are now a handful of studies demon-
strating an association between emotion regulation and
neural differences in ASD [Pitskel, Bolling, Kaiser, Pel-
phrey, & Crowley, 2014; Richey et al., 2015]. Given the
enhanced sensitivity of the EDI, it is possible that using
it in conjunction with neuroimaging or genetic analy-
ses may help identify important endophenotypes.

In sum, the EDI provides an efficient, valid, and sen-
sitive method to measure emotion dysregulation in
youth with ASD that may prove informative for screen-
ing and treatment monitoring as well as phenotypic
characterization in biologically focused studies. It is
noteworthy that the EDI items, particularly those for
Reactivity, provided more information than related and
commonly used longer measures, including the ABC-I
and CBCL scales, even when utilizing the 7-item EDI
short form. Further, the lack of gender, 1Q, and verbal
ability biases makes the EDI a rare tool that can be used
across the full spectrum of functioning in ASD.
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