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Abstract
Objective: To explore validity of an assessment tool under development—the Emotional
Inferencing from Stories Test (EIST). This measure is being designed to assess the ability of
people with traumatic brain injury (TBI) to make inferences about the emotional state of others
solely from contextual cues.
Methods and Procedures: Study 1: 25 stories were presented to 40 healthy young adults. From
this data, two versions of the EIST (EIST-1; EIST-2) were created. Study 2: Each version was
administered to a group of participants with moderate-to-severe TBI—EIST 1 group: 77
participants; EIST-2 group: 126 participants. Participants also completed a facial affect
recognition (DANVAZ2-AF) test. Participants with facial affect recognition impairment returned
two weeks later and were re-administered both tests.
Main Outcomes: Participants with TBI scored significantly lower than the healthy group mean
for EIST-1, F(1,114)=68.49, p <.001, and EIST-2, F(1,163)=177.39, p <.001. EIST scores in the
EIST-2 group were significantly lower than the EIST-1 group, t=4.47, p <.001. DANVA2-AF
scores significantly correlated with EIST scores, EIST-1: r=.50, p<.001; EIST-2: r=.31, p<.001.
Test-retest reliability scores for the EIST were adequate.
Conclusions: Both versions of the EIST were found to be sensitive to deficits in emotional
inferencing. After further development, the EIST may provide clinicians valuable information

for intervention planning.
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Introduction

The context of a situation influences emotion perception during every day social
interactions 2. To successfully interact with others, we continually integrate available
contextual cues with language to make more accurate inferences about the thoughts, feelings and
intentions of others . In addition to comprehension of the words and sentences used, this
pragmatic skill requires the perceiver to consider more than one possible meaning of the
message, continually checking that the inference generated is consistent with the current
communicative context 478,

Social communication is a complex process that requires considerable attention, working
memory, information processing, and executive function capabilities (i.e., decision making,
problem solving, goal formulation, behaviour monitoring)®. It should not be surprising then, that
despite the heterogeneity of their injuries, people with traumatic brain injury (TBI) are frequently
known to have social skill deficits, including problems recognizing nonverbal emotion cues (i.e.,
facial and vocal expressions), and interpreting the intended meaning of a message ®1%2°, Deficits
occur even when language comprehension remains relatively intact °. Simply understanding the
literal meaning provided in a speaker’s message is insufficient for successful social interaction;
perceivers must be able to additionally integrate a range of available social and emotional cues
that allow them to generate appropriate inferences about the situation, thoughts and feelings of
the speaker, and the intended meaning of the message °.

Few studies have specifically examined the ability of people with TBI to infer emotion
using contextual information. To date, studies have focused primarily on tasks designed to assess
‘theory of mind” (ToM) — the ability to understand and predict the behaviour of others based on

inferences made about their intentions and beliefs 2*. One common paradigm used to assess ToM
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is the false-belief task. False-belief stories generally describe an object being moved or changed
without the character’s knowledge. Participants are then asked to explain one of the character’s
actions or respond to a question that measures their understanding that one character in the story
holds a mistaken belief ®%2. Bibby and McDonald (2005) have shown that people with TBI
perform worse than Controls on false belief tasks, suggesting that they have difficulty making
general inferences when given contextual information. The task did not assess how well they
were able to make inferences about other’s emotions.

The ability to recognize a social faux pas is considered a more complex ToM task. A
social faux pas occurs when a speaker says something that should not have been said because it
may be perceived as hurtful or offensive by the listener 23. The Faux Pas test consists of 20
vignettes, half of which describe a social faux pas. The questions that follow each vignette are
aimed to assess understanding of the intentions and beliefs of the characters in those vignettes
(e.g., Did someone say something they shouldn’t have said? Why shouldn’t they have said it?)?.
As such, the test is more directly aimed at assessing the ability to make inferences about verbal
behaviour within a social context, rather than the ability to infer the emotional state of others.
Numerous studies have used the Faux Pas test with people with TBI and have consistently
reported poorer understanding and recognition of social faux when compared to Controls 921252,

The Awareness of Social Inference Test (TASIT) 152728 was specifically developed for
people with TBI to measure different aspects of social perception using ecologically valid
stimuli. The TASIT is a video-based measure that includes a series of short vignettes that show
actors interacting in everyday settings. Part 1 of the TASIT assesses the ability to recognize
emotions using primarily nonverbal (i.e., facial and vocal expressions) information in context-

neutral situations. Parts 2 and 3 are focused on conversational inference abilities, specifically the
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ability to differentiate sincere versus sarcastic interactions, and differentiate lies versus sarcasm,
respectively®. Part 3 is the only subtest that provides contextual information; however,
participants are not asked to infer feelings. The TASIT has been shown to be a sensitive and
reliable measure for differentiating people with TBI from their uninjured counterparts on ToM
and conversational inference (i.e., sarcasm, lies) tasks 2”2, However, similar to other ToM
measurements, the TASIT does not specifically measure the ability to make inferences about
how others may be feeling within a specific context.

In an attempt to meet the need for a test that specifically measures social inference in
context, Turkstra ® developed the Video Social Inference Test (VSIT). This test was modeled
after the TASIT and includes 16 short vignettes (< 30 seconds) that portray actors engaged in a
conversation exchange. The situations were designed to be relevant to adolescents and young
adults, so portray only peer relationships. Vignettes are paired, allowing social inference ability
to be assessed in two stages; the first vignette provides important context for the second. Thus,
the VSIT aims to assess one’s ability to generate an inference given social contextual cues, but
also one’s ability to use that inference to explain behaviours that occur later ®. Turkstra ®
administered the VSIT to 19 people with TBI and 19 matched Controls. Her results showed this
test appeared to be sensitive to deficits in social inference abilities for people with TBI.

Although Turkstra’s ® VSIT appears to successfully identify difficulties in social
inference abilities by people with TBI, the video-based format of this test intrinsically adds
additional cues. Turkstra ® hypothesized that the addition of body, facial, and vocal cues supplied
by the video format would positively contribute to performance on the VSIT task. To test this
hypothesis, she compared performance on the VSIT to performance on the ‘Reading the Mind in

the Eyes’ Test *°, a measure that assesses one’s ability to infer someone’s thoughts using only
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their eyes. Indeed, participants were better at inferring information on the context-enriched
VSIT task compared to the minimalistic Eyes Test. Turkstra ® concluded that the increased
performance was due to the additional cues provided through the video format of the VSIT task.
However, despite this improvement, participants with TBI still scored significantly lower on the
VSIT compared to Controls, indicating that they still had a disadvantage even with the additional
cues. Because this study did not run separate conditions to solely test participants’ ability to
make inferences using context alone, it could not be determined if the disadvantage was due to
problems recognizing nonverbal cues (e.g. facial and/or vocal affect), or problems interpreting
the context, or both.

Given the previous discussion, it appears that further exploration of emotion inference
abilities by people with TBI is needed. Few tools exist that specifically measure the ability to
make inferences when given social context. The VSIT is reported to be sensitive to social
inference impairments of people with TBI, but questions remain regarding the source of
impairments: whether from inferring the emotion from nonverbal cues, inferring the emotion
from context, integrating all available cues (i.e., body, face, voice, verbal language, situation), or
some combination. In order to determine this, it is important to have an instrument that assesses
emotion inference from contextual information that is separate from nonverbal and verbal cues.
Results of such a test have important implications for intervention, since having a better
understanding of which cues most contribute to emotion inference impairments, would allow for
more focused treatment.

The current paper describes the development and evaluation of a measure designed to
assess a person’s ability to make inferences about others” emotions when given contextual cues,

but no nonverbal cues. Study 1 describes the development and initial testing of the EIST
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instrument with a normal subject sample of young adults. Study 2 describes trials with people
with TBI using two separate versions of the test, comparing their performance to the normative
sample to provide some preliminary evidence of the sensitivity of each version. In our TBI
sample, we examined concurrent validity with a test of facial affect recognition (emotional
inference from nonverbal cue). We also examined the test-retest reliability of each version of the
EIST.
Study 1 — Stimuli Development
Methods

Participants

40 participants, eight males and 32 females, were recruited at the first author’s host
university. All participants reported they had no history of speech and/or language delays, nor
diagnosed head injury. The average age of participants was 21.86 years (s.d. = 4.24; range =17-
44). All participants used English as their primary language.
Measures

Emotion inference from stories test (EIST).

Stimuli included a total of 25 written short stories describing contexts that targeted happy
(6), sad (6), angry (6), and fearful (7) emotions (see table 1). Stories were between 70 and 256
words (mean=170.36; s.d.=48.08) and averaged just below a sixth grade reading level
(mean=5.97; range=4.3-8.6) using the Flesch-Kincaid Grade Level rating system 3. All stories
were written about topics that were considered relevant for adults (e.g., starting a new job; a
friend canceling plans; struggling to make ends meet financially). Each story was followed by a
single question that inquired about how one of the characters in the story was feeling given the

situation described. Accurate interpretation of the targeted emotion experienced by the character
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required integration of the available contextual cues, including the situation or event, the
character’s wants, beliefs and expectations as these related to the situation described, and the
character’s behaviour in response to that situation or event (see appendix for an example).
Reponses were scored as either correct or incorrect and each item was analysed separately.
Procedure

Participants were presented with the 25 short stories and follow-up questions regarding
how a character in that story was feeling on a computer. The story was presented first, with the
follow-up question presented afterwards on the next screen; participants were not allowed to re-
read the story to answer the question. Stories were presented in a random order using Cedrus
SuperLab software 32. The text for each story was displayed on a single screen in 23-point Arial
font. The follow-up question was displayed at the top of the screen, with the five response
options (happy, sad, angry, fearful, I don’t know) listed directly below the question. After
reading the question, participants entered a response using a forced-choice response key-pad.

Results

Summary data for the emotion inference stories are presented in table 1. The percent of
participants who selected the target emotion for each of the 25 stories ranged from 62 to 100%
(mean=88.3; 5.d.=0.06). Overall, happy (95%) was the emotion category most consistently
identified by participants, followed by angry (90%), fearful (86%), and sad (84%).

-- INSERT TABLE 1 ABOUT HERE --

Although all stories created for the EIST targeted the intended emotion well above
chance level (i.e., 25%), we were concerned that presenting such a lengthy test to people with
TBI would negatively impact responses due to fatigue and attention issues. Instead, we created

two versions of the EIST using item-level data from the healthy group. Each version contained
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twelve stories, three stories from each emotion category. Stories chosen within each version
represented a wide array of themes. As discussed previously, little is known about the ability of
people with TBI to make inferences about others” emotions when given only contextual cues.
Even less is know about their ability to do this when given narrative scenarios that extend
beyond a few brief sentences. Given this, we decided to vary the difficulty of the two test
versions, creating one version in which the target emotion should be more easily inferred, and a
second version in which the target emotion should be more difficult to infer.

The first version of the Emotion Inference from Stories Test (EIST-1) included only
stories identified as the target emotion more than 90% of the time. The twelve stories selected for
EIST-1 are shaded in gray in Table 1. The second version, EIST-2, included stories that had been
correctly identified between 70 and 100% of the time (see table 1). The resulting healthy group
mean for stories selected for the EIST-1 was 11.75 (s.d.=0.49) and the average reading grade
level was 6.05. The healthy group mean for stories selected for the EIST-2 was 11.28 (5.d.=0.90)
which was significantly lower, t=4.00, p <.001, indicating that this version was more
challenging. The average reading grade level for the EIST-2 (5.89) did not differ significantly
from EIST-1, t=0.32, p=.75.

Study 2 —Performance of People with TBI for Emotional Inferencing from Stories

The purpose of Study 2 was to collect preliminary data concerning the validity
(discriminant and concurrent) and test-retest reliability of two alternative versions of the Emotion
Inference for Stories Test (EIST) with two groups of people with TBI. People with TBI were
recruited as part of a larger randomized control trial of treatment approaches to target affect
recognition deficits following . Only measures relevant to the current study are reported here.

The hypotheses for Study 2 were as follows:
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1)

2)

3)

4)

5)

Participants with TBI would have lower scores on each version of the EIST compared to the
typically developing participants included in Study 1. This finding would provide support for
the discriminant validity of the EIST.

A significant difference between EIST-1 participants with TBI compared to EIST-2
participants with TBI. Since EIST-2 was designed to be more challenging, we expected that
EIST-2 participants with TBI would have significantly lower scores than EIST-1 participants
with TBI. We expected similar performance on all remaining measures.

A significant relationship between facial affect recognition abilities and EIST scores. This
finding would lend support for convergent validity for the EIST since facial affect
recognition impairment occurs frequently following moderate-severe TBI 11:34,

A significant correlation between scores on both versions of the EIST for Session 1 and
Session 2, demonstrating test-retest reliability.

Since the overall purpose of this study was to explore the validity of the EIST as a potential
measure for assessing the ability of people with TBI to make accurate inferences about how
others are feeling when given only contextual cues, classical test theory was also used to
assess item quality. We predicted that the majority of items would fall within a moderate
range of difficulty.

Methods

Participants

As part of a larger randomized control trial of treatment approaches targeting affect

recognition deficits following TBI®3, participants were recruited from out-patient brain injury
g

rehabilitation centers and local brain injury support groups in the southern regions of Ontario,

Canada; North and South Carolina, USA; and in Wellington and Palmerston North, New

10
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Zealand. Ethics approval was received from all participating institutions/regions and all
participants were required to provide written consent prior to participation. Participants were
recruited on the basis of injury type and severity, not on the basis of reported social or emotion
recognition difficulties.

To participate in the study, participants had to be between 18 and 65 years of age, and
must have sustained a moderate to severe TBI at least one year prior. Injury severity was
determined by one of the following: Glasgow Coma Scale (GCS) score of < 12 at the time of
injury; loss of consciousness (LOC) of > 24 hours, or posttraumatic amnesia (PTA) of > 24
hours. Exclusion criteria: 1) current substance dependence; 2) premorbid developmental
affective or acquired (nontraumatic) neurological disorder (e.g., autism spectrum disorder,
stroke); 3) premorbid major psychiatric disorder (e.g., schizophrenia); or 4) uncorrected or
impaired vision/hearing that would prohibit full participation in the experimental tasks.

The EIST-1 group consisted of 77 participants with moderate to severe TBI, the majority
of whom were Caucasian (81.8%). The study sample included 53 males and 24 females ranging
in age from 21-62 years. On average, participants had achieved 13.29 years of education and
were 10.95 years post injury. Based on GCS, LOC, and/or PTA information, the majority of
participants were classified as having a severe TBI (98.6%). Motor vehicle accidents were the
most common cause of injury (68%). A total of 27 participants from group one returned for a
second session.

The EIST-2 group included 126 participants, almost all of whom were classified as
having severe TBI (97.6%). The sample was primarily Caucasian (81%) and included more
males (n=97) than females (n=29). The EIST-2 group was between 21 and 65 years of age and

had achieved an average of 12.9 years of education. Participants were on average, 9.88 years

11
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post-injury and motor vehicle accidents were the most common cause of injury (58.7%). A total
of 46 participants in the EIST-2 group returned for a second session.

Table 2 details information on participant characteristics for EIST-1 and EIST-2 groups
(sessions one and two).

-- INSERT TABLE 2 ABOUT HERE --
Measures and Procedures

As part of the larger clinical trial, participants attended a screening session in which a
series of measures were administered. Participants with impaired affect recognition returned for
a second session two weeks later, when selected tests were re-administered. For the measures
relevant to the current study, tests were administered on a computer and participants indicated
their responses orally and/or via pointing to printed text. Responses were recorded by the
examiner. All participants were seen individually.

Discourse comprehension task.

Discourse comprehension was assessed in the first session using the Discourse
Comprehension Test (DCT)%®. This measure was included to ensure that participants had
adequate discourse comprehension of non-emotional language to complete the EIST task. The
standardized form of the DCT includes two sets of five stories (~200 words in length), each
followed by eight yes/no questions. The questions assess comprehension of stated and implied
main ideas and details. For the current study, participants were administered two stories from the
DCT. Participants read one of these stories to themselves (i.e., self-read) and received the other
in auditory format (pre-recorded); the order of administration for self-read versus auditory format
was counterbalanced. Participants were not allowed to return to the story to answer the yes/no

questions that followed. The number of overall errors (maximum=8), errors regarding

12
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information stated in the story, (maximum=4), and errors for implied information (maximum=4)
were calculated for each story. Participants had to achieve 75% on either the self-read or auditory
version of the story to be eligible to return for the second testing session. All participants met this
criterion.

Facial affect recognition task.

Facial affect recognition abilities were assessed in both sessions using the Adult-Faces
subtest of the Diagnostic Assessment of Nonverbal Accuracy—-2 (DANVA2-AF)%. Twenty four
faces were presented via computer for 15 seconds each and participants were instructed to select
which emotion was being expressed from a list of four options: happy, sad, angry, or fearful.
Faces in the DANVA2-AF vary in sex, race and intensity of expression. The DANVA2-AF is a
standardized measure that has been used with people with TBI in previous studies 320333739,
Each item was scored as either correct or incorrect to a maximum score of 24. Participants who
scored below the normative age mean for the DANVA2-AF were re-administered this test in a
second session two weeks later.

Emotion inference from stories test (versions 1 and 2).

Participants were assigned to one of two groups. The first group of participants were
administered the EIST-1 items and the second group were administered EIST-2 items.
Participants who scored below the normative mean on the DANVA2-AF and met the DCT
criteria during the first session, returned for a second session and were re-administered the EIST.
Participants received the same version of the EIST for both sessions.

To ensure that participant responses were not negatively affected by challenges in reading
and processing written text, the stories were presented in both auditory and written format. For

the auditory version, a female speaker was recorded while reading each of the stories. Stories

13
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were recorded at a moderate speaking rate. In order to make the reading sound natural, some
intonation was used. However, in recording the stories, the speaker did not emphasize key words
or content in the story, nor did she use intonation that would add nonverbal cues about how the
character was feeling (e.g., the speaker did not raise the volume of her voice if the situation was
meant to portray anger). The follow-up question for each story was similarly recorded.

During the EIST administration, the text for each story was displayed on a single screen
in 23-point Arial font. In the corner of the screen was a small icon that played the audio for the
story when clicked. After participants finished reading and listening to the story, they were
brought to the next screen where the follow-up question was displayed at the top of the screen in
the same fashion as the story. Participants were asked to select a response from five response
options (happy, sad, angry, fearful, I don’t know) that were listed directly below the question.

Each version of the EIST presented stories in the same restricted randomized order (by
targeted emotion) to ensure that no stories targeting the same emotion occurred consecutively. A
different restricted randomized order was created for the second administration in Session 2.
Data Analyses

Descriptive statistics were calculated for all demographics and injury related variables to
identify any important covariates using Chi-square tests and two-tailed independent t-tests. No
significant group differences were found (see table 2).

We compared mean percentage accuracy scores for EIST-1 and EIST-2 TBI groups to the
healthy group in Study 1 using one-way analysis of variance (a <.05). A chi-square was
conducted to compare the number of participants in the EIST-1 group who scored below 2

standard deviations of the normative mean on the EIST to participants in the EIST-2 group.

14
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Between group analyses were conducted for all three tests administered at Session 1:
DCT (o <.017); DANVA2-AF (a < .05); EIST (a < .05) using mean percentage accuracy Scores.
Within group paired samples t-tests were also conducted to compare response accuracy for the
auditory versus self-read versions of the DCT (a <.017). Spearman correlations (o =.017) were
calculated between DANVA2-AF scores and the EIST for each group. Additionally, Spearman
correlations were conducted using the normative scores for EIST-1 and EIST- 2 (a0 = .05).

For participants who had significant facial affect recognition impairment and returned for
a second session, Spearman correlations (a <.05) were conducted to determine the relationship
between their EIST scores from Session 1 to Session 2.

Finally, Classical Test Theory was applied to the data collected in Session 1 in order to
analyse item difficulty, item discrimination and reliability for each version of the EIST for
people with TBI.

Results
TBI Performance on EIST Compared to Healthy Group

The first study hypothesis was that participants with TBI would show significantly poorer
performance on each version of the EIST compared to the typically developing participants in
Study 1. This hypothesis was supported (see figure 1). People with TBI had significantly lower
scores than the healthy group from Study 1 for both EIST-1, F(1,114)=68.49, p < .001; and
EIST-2, F(1, 163)=177.39, p <.001.

-- INSERT FIGURE 1 ABOUT HERE --

Using the healthy group data from Study 1, all participants were identified as having

either impaired or unimpaired performance on the EIST. Any participant who scored more than 2

standard deviations from the healthy group mean was categorized as impaired. Only one

15
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participant (2%) in the healthy group fell into the impaired category. However, 78% of
participants with TBI in the EIST-1 group (i.e., 59 participants) and 93% of participants in the
EIST-2 group (i.e., 116 participants) fell more than 2 standard deviations below the healthy
group mean. The difference in identification of impairment via EIST-1 and EIST-2 was
significant, »* = 9.6, p = .004.

-- INSERT TABLE 3 ABOUT HERE --
EIST-1 versus EIST-2

The second study hypothesis was that participants in the EIST-1 group would have
significantly higher scores on the EIST than participants in the EIST-2 group, but performance
on all other measures would be equal. This hypothesis was only partially supported. Summary
data from Session 1 are shown in table 3 for EIST-1 and -2 groups. On average, participants in
the EIST-1 group scored 8.49 (s.d.=2.46; range= 0-11), and participants in the EIST-2 group
scored 7.01 (s.d.=1.96; range=0-10). The difference between group scores was significant,
t=4.47, p <.001, indicating that EIST-2 items were significantly more difficult than EIST-1
items.

For the DCT, no significant group difference was found in response to the self-read story
but Group 2 had significantly higher scores than Group 1 for the auditory version. To determine
whether these scores may be due to better auditory than reading comprehension for people in
Group 2, paired samples t-tests were conducted. Group 2’s scores for the auditory version of the
DCT story were not significantly higher than the self-read version: Total score: t=.18, p=.86;
Direct questions: t=1.93, p=.06; Implied questions: t=1.57, p=.12. Paired samples t-tests

conducted for Group 1 also showed that the format in which the DCT story was delivered did not
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significantly affect total score, t=1.25, p=.21; responses to direct questions, t=1.57, p=.12; or
responses to indirect questions, t=.12, p=.90.

As hypothesized, facial affect recognition (DANVA2-AF) was not significantly different
between EIST-1 and EIST-2 groups. Using the normative age data specified in the DANVA2-AF
manual 3, 27 of the 77 participants (35%) in the EIST-1 group and 46 of the 126 participants
(36%) in the EIST-2 group were identified as having facial affect impairment and returned for a
second session two weeks later. The number of participants identified as having facial affect
recognition impairment did not significantly differ between groups, 5* = .043, p = .881.

EIST Convergent Validity with Facial Affect Recognition

The third study hypothesis was that there would be a significant relationship between
EIST performance and facial affect recognition. Performance on the DANVA2-AF was
significantly correlated with scores on the EIST for participants in the EIST-1 group, r = .50, p <
.001 and the EIST-2 group, r = .31, p <.001.

Test-Retest Reliability of the EIST.

Participants in the EIST-1 and -2 groups identified as having impaired facial affect
recognition returned two weeks later for a second session in which the EIST was re-
administered. We hypothesized that this sub-set of participants would show similar scores on the
EIST between Sessions 1 and 2; this hypothesis was supported. Participants in the EIST-1 group
who returned for Session 2 (n=27) had an average score of 7.41 (s.d. = 2.29) at retest. Although
this score was higher than the score obtained from this same subset of participants in Session 1
(mean=7.07, s.d.=2.73), the test scores for the EIST-1 group for Sessions 1 and 2 were
significantly correlated, r =.76; p <.001. The 46 participants from the EIST-2 group who

completed the second session also increased their scores from Session 1, achieving a mean score
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of 6.53 (5.d.=2.30) in Session 2 compared to their previous score of 6.33 (s.d.=2.23). EIST-2
scores for Session 1 and Session 2 were also found to be significantly correlated, r =.72,

p <.001. The significant between group difference for EIST-1 versus EIST-2 found in Session 1
was not found in Session 2. Although participants in the EIST-1 group continued to have lower
scores than participants in the EIST-2 group, the difference between versions was no longer
significant, t = 0.98, p = .33.

Classical Test Theory Analyses of the EIST-1 and EIST-2.

In order to evaluate the quality of the items included in each version of the EIST, data
from Study 2, Session 1 was used to compute item difficulty (p), discrimination index (D), item-
test correlation and reliability using classical test theory. The proportion of participants who
correctly identified the target emotion (p) for items included in each version of the EIST is
shown in table 4. Table 4 shows that the proportion of items considered low in difficulty (i.e.,

P > .80) for EIST-1 (33%) was greater than EIST-2 (17%). All but one of the items targeting
happy were low in difficulty and only one sad item was ranked easy. The remainder of items on
both versions of the test were considered moderate in difficulty (i.e., P = .40-.80), and thus
acceptable items 4941, Neither version of the EIST included items that were considered difficult
(i.e., P <.40). To determine the extent to which items discriminated between participants with
high versus low emotional inferencing abilities, a discrimination index was calculated using the
upper and lower 25% of participants for each version of the test. As shown in table 4, all items
had a positive discriminating power and the majority of items had a discrimination index of at
least .20 #1. The two items found to have poor discriminating power (Stories 2 and 19) were in
EIST-2 and were also found not to correlate with the overall test score (o < .004). Cronbach’s

alpha coefficient for EIST-1 (.761) indicated acceptable internal consistency of the items.
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However, the internal consistency for EIST-2 was more questionable, Cronbach’s alpha = .631

42

-- INSERT TABLE 4 ABOUT HERE --

Discussion

The primary aim of this study was to evaluate the effectiveness of a novel measure for
emotional inferencing for use with people with TBI. Both versions of the Emotional Inferencing
from Stories Test (EIST) aim to assess the ability of people with TBI to make inferences when
given social context with no accompanying nonverbal emotion cues. The focus of Study 1 was to
evaluate the stories we had written for inclusion in the EIST and ensure that those stories were
indeed targeting the intended emotion. Twenty of the 25 stories were easily identified by our
healthy group (>75%). The remaining five stories were correctly identified 62-72% of the time.
Since these rates of identification were still well above chance (25%), it appeared that the
contextual cues in these stories were still accurate but more subtle, making the task of inferring
how others were feeling within that context more challenging. Two versions of the EIST were
created; one in which the targeted emotion was correctly inferred by our healthy group at least
90% of the time and a second, more challenging version, in which the target emotion was
correctly identified at least 70% of the time.

The purpose of Study 2 was to characterize performance of people with TBI on each
version of the EIST and to explore the quality of the items included in each version. As
hypothesized, participants with TBI scored significantly lower than the healthy group for both

EIST-1 and EIST-2. Thus, while typically developing young adults were able to easily make the
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required inferences, particularly for stories in EIST-1, participants with TBI had some trouble
with inferring emotions from the stories. These results are consistent with studies that have
indicated that people with TBI need more direct questions and prompts when engaging in social
interaction #344 suggesting that the EIST is sensitive to emotional inferencing deficits in people
with TBI. Using the healthy group mean for each version of the EIST, we identified participants
as having either impaired or unimpaired performance on the EIST. A greater proportion of
participants who completed EIST-2 were identified as impaired (i.e., > 2 standard deviations
below normative mean). Since participants in EIST-1 and EIST-2 groups did not significantly
differ in demographics, these findings suggest that EIST-2 may be a more sensitive measure.

Our results comparing EIST-1 and 2 supported our hypotheses that EIST-2 was indeed
more challenging than EIST-1, as demonstrated by significantly lower scores on EIST-2. This
suggests that at least some of the stories in EIST-2 included more subtle contextual cues. It is
important to note that this difference was not due to the fact that the language used in the stories
was more complex since the reading level of the stories in each version of the EIST did not differ
from one another. In fact, the reading level of EIST-2 was slightly lower than EIST-1.

Participants in EIST-1 and 2 groups did not significantly differ from one another in their
facial affect recognition abilities (DANVA2-AF) and scores for both groups were found to
significantly correlate with EIST performance, supporting the convergent validity of the EIST.
Similar to reports in the literature *, we found that 35% of participants in the EIST-1 group and
36% of participants in the EIST-2 group were impaired in their facial affect recognition abilities.
Moreover, participants identified as having facial affect recognition impairment had significantly
lower scores on the EIST than participants with TBI without facial affect recognition

impairment, thus supporting the convergent validity of the EIST. It is possible that people with

20



ASSESSING EMOTIONAL INFERENCING AFTER TBI 21

TBI have a general dysfunction in emotion recognition 7 that extends to contextual cues.
Given that emotion recognition deficits have been reported to potentially underlie the social and
behavioural changes often reported following TBI #°, this is an important finding because it
suggests that in addition to assessing recognition of nonverbal emotion cues following injury, we
should also be evaluating how well people with TBI are able to use of verbal and contextual cues
to make emotional inferences within social settings.

Finally, we applied classical test theory to each version of the EIST to explore item
difficulty, item discrimination and reliability. Overall, this data showed that the majority of items
on each version of the EIST fell within an acceptable difficulty level (.40 to .80), and had good
discriminating power (> .20)*. According to Downing*!, items are considered high in quality if
they have both an item difficulty between .45 and .75 and an item discrimination of .20 or
higher. Five items in EIST-1 met this criteria and six items in EIST-2 (see table 4). While these
items included at least one story targeting sad, angry, or fearful, none of these items targeted
happy. In reviewing the item difficulty analysis, it seems that for all but one of the stories
targeting happy, participants could easily infer what the character in that story was feeling. Some
literature suggests that this may be because the identification of happy remains relatively intact
following TBI 174651 ‘However, one recent study has reported that people with TBI who have
impaired affect recognition are also impaired for their recognition of happy *. Another potential
explanation lies in the valence of the stimuli. Happy was the only positively-valenced emotion
targeted in this study. While this is typical of many studies in emotion-based tasks, it is possible
that participants are first assessing the contextual cues on the basis of valence. Since there was

only one positive emotion targeted in the EIST, participants were able to easily infer this emotion
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through the process of elimination. However, if they found the story to be negatively-valenced in
content, the task of inferring a specific emotion was more difficult.

Both EIST-1 and EIST-2 were found to have good test-retest reliability as indicated by
the strong correlations found in scores from Session 1 to Session 2. This finding suggests that
both versions of the test are stable. While the majority of data in Study 2 seem to suggest that
EIST-2 was a more sensitive measure than EIST-1, the internal reliability for EIST-2 was more
questionable. This was likely due to the fact that two items included in the EIST-2 had both poor
discriminating power and no correlation with the overall test score. Given that the test includes
only 12 items overall, three targeting each of the emotion categories, two poor items is certainly
problematic. In addition, when we considered only scores for people found to be impaired in
facial affect recognition, the increased difficulty of EIST-2 over EIST-1 was no longer evident.
Limitations and Future Directions

The healthy group from Study 1 were recruited to ensure that the stories included in the
EIST were successfully targeting the intended emotion. As a result, we did not set out to
specifically match these participants for age and gender to our participants with TBI. Future
exploration of the EIST may consider including an age and gender matched control group. In
addition, we did not have gender balance for our participants. Given that the literature shows that
females score higher on tests of nonverbal decoding of affect °2, emotional awareness 3, and are
more efficient in processing multisensory emotion expressions >, collecting normative
information for male versus female performance on the EIST will certainly be a priority in future
development of this tool. In addition, since we did not have gender balance in our healthy group,
we were unable to examine gender differences between this group and our participants with TBI.

Again, such comparisons should be conducted as this tool is developed further.
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An additional limitation of the present study was the inclusion of only one positively
valenced emotion in our stimuli. Although many studies of emotion focus on only happy, sad,
angry, and fearful 3°47°5% further development of the EIST should consider the inclusion of at
least one more positively valenced emotion. Moreover, creating a test with a greater number of
items within each emotion category would allow for more detailed analyses, potentially
providing important information about whether deficits in emotion inferencing are specific to
negatively valenced items, or whether the deficit is more general in nature. Since the literature
seems to suggest that people with TBI have more difficulty with negatively valenced stimuli, this
IS an important question to explore.

The third limitation of the present study was found when completing analyses of the
items themselves using data collected with our participants with TBI. As discussed previously,
the majority of items were found to be of average difficulty, an appropriate outcome. However,
the remaining items were all easy—no difficult items were identified. Future development of the
EIST needs to consider including items with a higher difficulty level in order to better
discriminate between people with and without emotional inferencing deficits. Practice effects
over time should also be explored so that interpretation of results, particularly results pre- and
post-intervention, can be confidently interpreted.

Finally, the EIST was presented to participants in a combined format so participants
could listen and/or read along for each story. Given the common motor and sensory impairments
reported after TBI %', our goal in presenting both text and pre-recorded audio was to ensure that
participants had full access to the content of the stories regardless of their auditory and visual
processing skills. However, since the frontal areas of the brain are vulnerable to damage

following TBI %, it is possible that by combining the format we inadvertently increased the
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cognitive load of the task, forcing participants to either attempt to attend to all available cues or
to sustain attention to only one while the other was still present. Since people with TBI who
show executive deficits have also been reported to have emotion recognition deficits *, this is a
reasonable possibility. However, there was no way for us to determine this in the present study.
Future use of the EIST should examine whether test format (i.e., pre-recorded; self-read;
combined) impacts overall performance by presenting the stories in each of the three modalities,
across different testing sessions, to determine if one format consistently leads to increased
scores. Additionally, sensory and attention tests should be conducted to explore their influence
on performance and relationship with EIST scores. If and when the measure is fully standardized
for wider use in the future, clinicians who choose to use EIST in a clinical setting may wish to
consider presenting practice stories in each of the three modalities (i.e., auditory, self-read,
combined) and asking participants to specify their preference.
Conclusions

People with moderate-severe TBI have been reported to have nonverbal affect
recognition impairment (e.g., facial emotion expressions) as well as difficulty using verbal and
situational cues to determine how someone might be feeling. To date, no tool exists that
independently assesses the ability to determine how someone else is feeling when given only
contextual cues. If emotional inferencing is only being assessed using stimuli that also requires
accurate interpretation of nonverbal emotion cues, there is a risk that someone may be identified
as having deficits in this area when if fact the deficit is only for one or more nonverbal channels.
Thus, the creation of a tool that allows us to independently consider how well people with TBI

can make emotional inferences has important implications for intervention. Access to
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intervention is limited so we need to ensure that as clinicians, we are not spending intervention
time on a skill that is not impaired.

In sum, preliminary use of the EIST with a large number of people with moderate—severe
TBI suggests that this tool has met our initial goals and has sufficient promise to warrant further
development. The EIST appears to be sensitive to deficits in emotion inferencing abilities as
evidenced in the significantly lower scores on each version by people with TBI compared to
people without. In addition, while some items were found to be too easy, many items included
were of acceptable difficulty and the majority of items showed good discrimination. Further
development will require the creation of new, more difficult items and analysis of the influence
of test format on performance. On the basis of this initial study, we are optimistic that a future,
fully developed version of the EIST may provide clinicians valuable information for intervention
planning and additionally lead to advanced study in the cues that contribute to emotion
perception for people with TBI. On the basis of this research, further development of the EIST
will draw on the highest quality items from the EIST-1 and EIST-2 as well as additional, more
difficult items and items that target a broader range of emotion categories. To develop these
additional items, we anticipate forming focus groups to identify relevant contexts for people with
TBI to inform the writing and validation of new stories. More pilot work investigating the
influence of format on test performance and relationship to attention and sensory processing also

will assist with ongoing development of this and other similar measures.
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Table 1. Summary data for each of the 25 stories administered to typically developing
participants in Study 1.

Story
#

Story Description

Target
Emotion

Words

Reading
grade
level

Mean**
(max=1)

s.d.

1*

After being kicked out of her father’s
home, Nicole’s boss offers to assist
her in finding a place to live.

Happy

256

4.3

1

.00

Dave is given a promotion at work.

Happy

152

6.3

97

16

Tom and his dad build a model plane
together.

Happy

78

*k*

1

.00

John and Lisa buy a new home in a
safer area of town.

Happy

70

***x

1

.00

5*

Brandon realizes he doesn’t have to
pay for a dinner he can’t afford.

Happy

150

5.1

12

45

Doug and Stacy reminisce about their
marriage on their 25" wedding
anniversary.

Happy

242

6.2

1

.00

7*

Kevin finds himself alone after years
of working in a demanding job.

Sad

172

6.6

.85

.36

8*

Maria comes home to find that her
daughter has spilled paint all over an
item she personally values.

Sad

250

5.3

.70

46

Angela and Jeremy have been unable
to conceive the baby they desperately
want.

Sad

204

8.6

.00

10

Susan is disappointed when her best
friend is unable to attend her 40™
birthday celebration at the last
minute.

Sad

195

5.1

.62

49

11

Debra loses her aunt’s ring, a family
heirloom.

Sad

151

5.6

97

.16

12 *

Carolyn’s daughter is moving over
500 miles away to attend college.

Sad

134

6.7

.93

27

13 *

After nearly saving enough money
for a down payment on a home,
Susan and George’s car stops
running and they must use the money
to replace it.

Angry

148

6.3

.95

22

14

Steven, a very hard worker, observes
his colleagues spending much of
their day talking around the water
cooler instead of working.

Angry

188

4.8

97

.16

15

While reviewing reports at work,
Kate notices numerous errors in a

Angry

155

7.2

97

.16

32
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report submitted two days late by one
of her employees.

16 Emma’s parents tell her that they are | Angry 157 5.1 .70 46
going to move a new home, away
from her current school and friends.
17 * | Jason’s best friend cancels their Angry 138 5.1 .90 .30
weekly get together to attend a social
function at work.

18 * | Lynn has been married to Brian for Angry 197 7.9 .92 27
two years, but his ex-wife
continually stops by unannounced.
19 * | Beth and her daughter, Sarah, are Fearful 156 4.3 .85 .36
evicted from their home and have
two months to find a place to live.
20 After making a rude comment to a Fearful 174 7.1 .95 22
customer, Elizabeth’s boss asks her
to meet with him.

21 * | Monica, a widow, is attempting to Fearful 114 6.4 .85 .36
find ways to fill her time but is
nervous about doing things alone.
22 After being separated from his wife | Fearful 172 6.9 .65 48
for one year, Derek’s friends
encourage him to try to move on with

his life.

23 * | Matthew is dared to steal answers to | Fearful 254 6.4 .88 .33
a test from the teacher’s desk.

24 Jeremy is leaving a job he has Fearful 191 55 .92 27

worked at for many years and
starting over somewhere else.
25 Even though he knows he isn’t Fearful 161 4.6 .95 22
supposed to touch it, Steve plays
with his father’s model airplane and
breaks it.

Note: Gray shading indicates stories selected to create the first version of the Emotion Inference
from Stories Test (EIST-1).

* Indicates stories selected for the second version of the Emotion Inference from Stories Test
(EIST-2).

** Mean proportion of participants who correctly identified the target emotion.

*** Stories were not of sufficient length (i.e., > 100 words) to be analysed by the Flesch-Kincaid
grade level rating system.
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Table 2. Demographics and injury characteristics for each group of participants with TBI.

EIST-1 Group EIST-2 Group
Session1  Session2  Session1  Session 2 Difference (p)*
Participants (n) " 27 126 46
Gender (n)
Males 53 20 97 39 7> =1.65 (.25)
Females 24 7 29 7
Age (years)
Mean (s.d.) 39.14(11.27) 39.76 (10.54) 40.19 (12.40) 40.70 (11.70)  t= 606 (.54)
Range 21-62 23-60 21-65 21-61
Ethnicity (%)
Caucasian 82 85 81 76
African American 8 7 13 20 %* = 1.56 (.46)
Other 10 7 6 4
Education (years)
Mean (s.d.) 13.29(252) 12.29(1.90)  12.90(240) 12.84(2.54) t=.98(.33)
Years Post Injury
Mean (s.d.) 10.95(9.36)  10.94(9.72)  9.88 (8.64) 9.72 (7.57) t=.81(.42)
Range 1-41 1-36 1-42 1-29
Severity (%)
Moderate 1 0 2 4 7*=.25(1.0)
Severe 99 100 98 96
GCS
Mean (s.d.)  5.56 (3.24) 6.20 (3.29) 5.35 (3.21) 4.94 (2.70) t =.259 (.80)
(n=25) (n=10) (n=48) (n=17)
LOC in days
Mean (s.d.) 51.28(78.89) 74.96(111.38) 40.14 (51.53) 64.75 (69.65) t =.85 (.40)
(n=37) (n=13) (n=62) (n=36)
PTA in days (%)
1-6 8 8 15 6
>7 92 92 83 94 7 =182 (.23)
(n=62) (n=24) (n=107) (n=36)
Cause (%)
MVA 68 65 59 65
Fall 12 15 15 15 2 =1.64(.65)
Assault 5 12 8 8
Other 15 8 18 11

* Groups 1 and 2 were compared for Session 1 only using either chi-square testing, or independent t-tests.

Abbreviations: %, Percentage of sample; GCS, Glasgow Coma Scale score; LOC, Loss of consciousness;
PTA, posttraumatic amnesia; MVA, Motor vehicle accident.
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Table 3. Summary data for Session 1 for participants with TBI in Study 2 (Group 1 and Group
2).

DCT Story 1 (Auditory) DCT Story 2 (Self-read) DANVA2-AF EIST
Participants Total Direct Implied Total Direct Implied
with TBI (max=8) (max=4) (max=4) (max=8) (max=4) (max=4) (max=24) (max=12)
Group 1 (n=77)
Mean 5.54 2.73 2.85 5.28 2.54 2.76 16.19 8.49
s.d. 1.25 .79 .76 1.25 72 .84 3.86 2.46
Group 2 (n=126)
Mean 6.59 3.49 3.23 5.52 2.67 2.90 16.46 6.98
s.d. 1.47 .70 .83 1.16 72 .80 3.23 1.98
Group Difference
t 4.88 6.42 297 1.19 .994 1.03 .53 4.47
p  <.001* <.001* .003* .24 32 .30 .60 <.001*
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Table 4. Classical Test Theory Item Statistics for EIST 1 (n=76).

EIST 1
Story Target Itemp DI Item-test Correlation*
# Emotion (r,p)
1 Happy .86 .53 r =.65, p <.001
4 Happy .86 .35 r =.46, p <.001
6 Happy .87 .53 r =.60, p <.001
9 Sad g2 g1 r =.56, p <.001
11 Sad .88 41 r=.41, p <.001
12 Sad .53 .65 r =35, p <.001
13 Angry .75 .65 r =55, p <.001
14 Angry .79 .59 r=.67,p<.001
18 Angry g1 53 r=.42,p<.001
20 Fearful .78 41 r=.47,p<.001
24 Fearful 74 53 r =50, p <.001
25 Fearful .79 .53 r=.54, p <.001
Avg A7 53
EIST 2
Story Target Itemp DI Item-test Correlation*
# Emotion (r,p

1 Happy .90 29 r =.48, p <.001
2 Happy .89 13 r=.25, p=.005
5 Happy 42 g4 r=.57, p <.001
7 Sad .58 .61 r =.46, p <.001
8 Sad 61 61 r=.43, p <.001
12 Sad g1 .52 r=.42,p<.001
13 Angry 76 .65 r =.58, p <.001
17 Angry .78 32 r =40, p <.001
18 Angry .66 .35 r =35, p <.001
19 Fearful 48 A3 r =.05, p =.56
21 Fearful 75 22 r=.13,p=13
23 Fearful .67 .61 r=.37,p <.001
Avg .68 43

Item p = Item difficulty; DI = Discrimination index

* Pearson correlations significant at p = .004
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Figure Captions.

Figure 1. Responses to EIST (Version 1 and 2) by people with and without TBI.
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Appendix. Sample Story from EIST.

Story 18 (This story appeared in both EIST-1 and EIST-2)

Lynn was a 32 year old woman who had been married for two years to a 45 year old divorcee
with a ten year old daughter. In their first year of marriage, Lynn often found it difficult to deal
with the fact that her husband, Brian, had two other women in his life. Brian and Lynn only lived
a few towns over from his daughter and ex-wife. Surprisingly, Lynn really got along with
Brian’s daughter, and she tried to get along with his ex-wife. Brain tried to remain on somewhat
friendly terms with his ex for the sake of his daughter. As far as Lynn was concerned it was too
friendly. For whatever reason, his ex would always stop over Brian and Lynn's house, without
even calling! To top it off, Brian didn't even seem to mind. Lynn wasn't threatened by his ex, but
she felt it was an invasion of their privacy. Lynn remembered trying to calmly explain to Brian
how she felt about the situation and that he needed to make some boundaries with his ex-wife.
Her communication paid off and after one year of marriage, Brian and Lynn eventually worked

out a reasonable solution.

Question: How do you think Lynn felt about Brian’s ex-wife making frequent visits to their
home without calling first?

Answer: Angry
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