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Abstract
Primary objective: The ability to identify emotions in spoken language is an essential component of communication and
could be disrupted in persons with brain injury. Current tools to assess this function show important shortcomings. The aim
is to present a set of validated and linguistically equated lexical sentences that can be used to separate the impact of lexical
content and prosody on the processing of emotion in speech in persons with brain injury.
Methods and procedures: Using six-point Likert scales, a set of 125 sentences, carefully matched for linguistic variables, were
rated by a group of young adults (n¼ 48) on their suitability to represent a particular emotion (anger, fear, happiness and
sadness) in their lexical content.
Main outcomes and results: The findings identified a set of 50 sentences that were reliably associated with one particular
emotion only or no emotion at all (neutral). Using less stringent criteria, 94 sentences were also found to be good
representatives for these affective categories.
Conclusions: The findings generated a robust set of validated lexical stimuli necessary to reliably identify the specific
contributions of verbal and prosodic information on difficulties in identifying emotions in speech with persons with brain
injury.

Keywords: Emotion, speech, sentences, rating, ABI

Introduction

The identification of emotions in spoken language is
part and parcel of spoken communication. Consider
the following example, listening to the radio you hear
the talk show host saying ‘I am so happy’. The
sentence conveys an emotion of happiness in its
lexical meaning, but the speaker uses a tone of voice
that conveys anger (e.g. with an inflection on the
word ‘so’). What emotion is this person trying to
convey to the listeners? Is it happiness, anger or
perhaps irony/sarcasm (i.e. a discrepancy between

the expected emotion and the one that is presented)?
This example portrays the complex interaction of
the two dimensions that convey emotion in spoken
language viz. the lexical content (text) and the
prosody (tone of voice). To partake effectively in
social dialogue, it is essential to identify, understand
and respond appropriately to this interaction.
Fortunately, in daily communications this is some-
thing most people achieve without any difficulty.
Given its central role in communication, it is
surprising to find only a limited number of studies
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examining this interplay between lexical and pro-
sodic expression of emotions [1].

This gap in the literature may be explained by the
complexity of mimicking this process in the lab, while
controlling for the possible influence of other factors.
In a typical spoken language study, participants are
asked to identify the emotion expressed in spoken
sentences or to judge whether two sentences convey
the same emotion. In order to control for possible
biases, it is imperative to have a set of validated lexical
sentences that convey a distinct emotion in their
verbal content (and thus are not mistaken with other
possible emotions). This set must consist of sentences
that are equated on relevant linguistic characteristics
such as average word frequency and the number of
syllables. These linguistic characteristics are known
to influence cognitive processing in listeners [2] and
may affect identification of prosodic cues in a spoken
context. Word frequency has an early influence on
lexical processing, with more frequent words being
more easily accessed and activated in the mental
lexicon [3]. This may leave more processing resources
available to process and identify the prosody of a
spoken sentence. Alternatively, the early access to the
semantic content of frequent words may take prece-
dence and overshadow the emotion expressed in the
prosody. Similarly, the length of the sentences (as
measured by the number of syllables) can conceivably
have a contradictory effect on the perception of
emotion in speech. On one hand, longer spoken
sentences provide more prosodic cues; on the other
hand, longer spoken sentences may put a heavier load
on working memory leaving fewer resources available
to analyse the prosodic cues (as evidenced in studies
on children with specific language impairments [4]).
For these reasons, it is clear that carefully controlling
for linguistic characteristics of the test materials is
essential in order to assess emotional processing
correctly. This is of particular importance in studying
emotional processing in populations where, due to
brain injury or disease, cognitive resources may be
more limited. One particular group of individuals,
namely those who have a known difficulty in process-
ing emotion in spoken language, will be presented
next. In this paper it will be argued that in order to
understand the nature of their problems, it is imper-
ative to have access to a well-controlled set of verbal
stimuli that researchers can use in a spoken context
(adding different prosodic features that correspond to
specific emotions). This can assist in disambiguating
the influence of verbal and prosodic expressions of
emotions in identification of emotions in speech.

Alexithymia

Perhaps the best illustration of the importance of
correct identification of emotions in speech is in

studies on individuals with Alexithymia—an impair-
ment in the ability to experience, describe and
identify emotions [5, 6]. The most extensively used
tool of self-reported Alexithymia is the Toronto
Alexithymia Scale (TAS-20 [7, 8]). Alexithymia has
been associated with various pathologies including
depression (both in the general population [9] and in
persons with psychiatric disorders [10]), post-trau-
matic stress disorder [11] and eating disorders [12]
(including both bulimia [13] and anorexia nervosa
[14]). It has also been associated with a compound
of borderline behaviours such as substance depen-
dence [15], violent offences [16] and gambling [17].
Alexithymia, as evaluated by the TAS-20, has three
main factors: difficulties in identifying emotions,
describing emotions and externally-oriented think-
ing. This study is focused on one aspect of
Alexithymia (that can be assessed behaviourally),
namely the difficulty in identifying emotions in
speech (EID). In order to assess this aspect
(behaviourally) in the most reliable way, one needs
to create a set of sentences for which the lexical
content can uniquely be associated with specific
emotions.

EID and acquired brain injury (ABI). A unique case
study for the diverse effects related to EID is ABI
(noting that most studies on EID were related
specifically to traumatic brain injury (TBI), this
paper is using the more general ABI terminology).
ABI, a leading cause of disability, has wide-ranging
effects on cognitive and behavioural functioning due
to involvement of both the frontal and temporal
lobes of the brain and diffuse injury to nerve axons.
Persons with ABI suffer from reduced quality-of-life,
increased anxiety and depression [18] and an
inability to recognize emotional cues and respond
appropriately during social interactions [19]. In
several studies, EID was found to be a possible
important cause of social isolation and behavioural
dysfunction following an ABI, as communication is
the medium for building social bonds. For example,
Henry et al. [20] have shown that EID scores can be
highly predictive of reported quality-of-life of per-
sons with ABI, independent of other contributing
factors, concluding that ‘rehabilitation efforts should
be focused on remediation of this specific deficit’
(p. 70). Recently, there has been a growing interest
in developing rehabilitation tools for EID in ABI
[21], which so far are virtually non-existent [22] (an
exception may be found in pitch feedback treatment
of motor aprosodia [23]). This deficit in communi-
cation has not received enough attention in the
literature and, as a result, its assessment is still very
limited, as explained in the next paragraph.

Affective and neutral validated sentences 207

B
ra

in
 I

nj
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

T
or

on
to

 o
n 

01
/1

1/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Existing tools for EID assessment. The two most
common tools for behavioural assessment of EID (as
opposed to a self-report as provided by the TAS-20)
are the FAB (Florida Affect Battery [24]) and the
DANVA2 (Diagnostic Analysis of Nonverbal
Accuracy version 2 [25]). However, one can main-
tain that these two tests are limited in their ability to
reveal the full complexity of the interaction of
emotions conveyed in both lexical content and
prosody, specifically in patient populations. The
DANVA2 only includes one lexical sentence ‘I am
going out of the room now, but I’ll be back later’
spoken in different prosodies. Since the largest
differences between persons with brain injury and
controls were found in the identification of irony,
where the lexical content of the sentences contrasted
with the emotion presented in the prosody [26, 27],
the DANVA2 does not suffice. It is imperative to use
sentences for which lexical content is systematically
varied to reliably express different emotions. The
FAB (in sub-tests 7–8a) uses 20 neutral sentences
and (in sub-test 8b) 36 affective sentences. However,
despite being more elaborate than the DANVA2 in
this respect, it does have various shortcomings for
studying EID. First, the authors of the FAB provide
no information as to whether the lexical content of
these sentences was equated for linguistic character-
istics across the emotional categories (and it appears
that this was not the case). Secondly, the affective
sentences in this test are spoken only in two
emotional prosodies, which are either matched or
not with the emotion conveyed by the lexical content
(limiting the scope of the test). However, most
importantly, the authors did not validate these
sentences by verifying that the emotion conveyed
by their lexical content is distinct (i.e. cannot be
interpreted as conveying other emotions) or at least
they do not provide such information. Aside from
these two tools, other studies found in the pertinent
literature usually focus on the prosody and not on
the complex interaction of prosody and lexical
content. As a result, various study-specific lists of
sentences have been developed, but the authors did
not validate them for their emotional lexical content
or equate them for their linguistic characteristics (see
Pell et al. [28] for one such study).

A recent paper by Russ et al. [29] presents a first
systematic attempt to present a list of sentences that
convey distinct emotional information based on
lexical content. Even though the Russ et al. [29]
study has many merits, their list of sentences may
not meet the criteria for tests of emotional processing
with persons with ABI. First, the Russ et al. study
used a relatively small (n¼ 12) group of undergrad-
uate students who were ‘motivated, highly proficient
and closely supervised’ (p. 938). The current study
emphasizes the special nature of this group of raters,

as it may introduce a (unknown) bias in the ratings.
This bias may be avoided by recruiting a more
diverse group of individuals, less ‘motivated’ and
‘proficient’, in other words a group more similar to
people (patients and otherwise) for whom this
stimulus material was designed. Secondly, their
sentences were not equated for linguistic character-
istics and contained a mix of questions and asser-
tions. Questions impose specific variations in word
order and, when spoken, in prosody (e.g. rising
intonation at the end of a sentence). These variations
may confuse listeners (especially persons with ABI)
with respect to mixing linguistic and emotional
signals (similar to findings on the impact of mixed
signals of this kind in facial expression for Sign
Language [30]). In addition, there is evidence that
the processing of questions differs from other sen-
tences in the involvement of selective parts of the
brain [31], which may be of particular relevance in
persons with ABI.

The current study

This paper proposes that the availability of a
validated and linguistically equated set of sentences
is instrumental to correctly assess EID in ABI and
other patient populations. Mainly, in tests of iden-
tification of emotion in spoken language, it is
important to separate the impact of the lexical
content of the sentences from the impact of the
emotional information conveyed by prosodic cues.
To this end, a set of lexical sentences is presented in
five affective categories: Anger, Fear, Happiness,
Sadness and Neutral. These emotions were chosen
as they represent the current convention in the
literature (see Zupan et al. [1] for a review) and, in
a spoken context, they are found to be easily
recognized and distinguished in prosody [32, 33].
It is maintained that by using this set of sentences
in a test of spoken language the researcher/clinician
can have a clear evaluation of behavioural EID,
controlling for specific emotions conveyed by the
lexical content only.

In a pre-test, 500 different sentences were rated,
from which a total of 125 sentences (25 in each
affective category) were selected for a final test, that
showed a relative distinctiveness in conveying a
specific emotion in their lexical content. The next
paragraphs portray in general terms how these
sentences were further evaluated. More details can
be found in the Method section.

Validity of the emotional (semantic) content. Raters
were asked to rate all 125 sentences on four six-point
Likert scales [34], corresponding to the four tested
affective emotions (Anger, Fear, Sadness,
Happiness). Participants were not asked to rate
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sentences for a neutral emotion, since this type of
rating was found to be inaccurate [35]. For each
emotional category, sentences were chosen with the
highest ratings on that category and lowest on all
others. By choosing sentences whose averaged rat-
ings in each scale had low standard deviations, it was
verified that these ratings reflected a high level of
agreement amongst raters. As a further method for
assessing raters’ agreement, responses were grouped
on the six-point Likert scale in three sub-categories
as high (6–5), medium (4–3) and low (2–1) emo-
tional ratings. Based on the percentage of raters that
provided high-score ratings for sentences (on their
corresponding emotional scales), it was possible to
ascertain that the lexical content of these sentences
was taken to represent a particular emotion. In the
neutral category, the authors targeted sentences that
had low ratings on all four emotional scales, with low
standard deviations indicating an agreement on
those ratings across raters. It should be noted that
the criteria used in the current study differ from Russ
et al. [29], as they used a coefficient of variation
(CoV) instead of standard deviations. Furthermore,
for neutral sentences they looked for low overall
agreement amongst raters (high variability). The
authors of the current study do not concur with this
choice of criteria. First, CoV is only recommended
for data on a ratio scale [36] and is not appropriate
for Likert scales. Secondly, low agreement among
raters does not preclude ambiguity for a neutral
sentence, whereas consistent low scores across
raters, for all four emotions, provide a better litmus
test for the ‘neutrality’ of sentences. Finally, this
study verified that affective sentences (Anger, Fear,
Happiness and Sadness) received an average rating
that was significantly better than a set threshold on
their corresponding emotional scale and an average
rating that was significantly worse than a set thresh-
old on their non-corresponding emotional scales.
Similarly, it was verified that neutral sentences
received ratings that were less than 2.0 on all
emotional scales. By this, this study was able to
validate that, with respect to lexical content, affective
sentences represent their corresponding emotions
and that the neutral sentences are indeed affectively
neutral.

Linguistic characteristics. Sets of sentences were
selected that were matched on frequency of usage in

the English language and on phonologic neighbourhood

density, which on their own or in combination affect
the temporal course of cognitive processes [37].
With respect to the processing of emotional word
stimuli, a voluminous literature on emotional Stroop
can attest to the effects of linguistic characteristics on
an emotion-related effect. The emotional Stroop

paradigm tests the latency of responses when threat
words are presented visually (for a review see Algom
et al. [38]). For example, Larsen et al. [39] found in
a meta-analysis a correlation between the linguistic
characteristics of words and the emotional Stroop
effect (but see [40]), where the emotional delay was
related to lower frequency words and smaller ortho-
graphic neighbourhoods (note, these studies were
visually-based and hence did not include phonologic
neighbourhood density). A more recent study [41]
also found that with proper controls for length,
orthographic neighbourhood density and arousal,
word frequency and emotional valence interact in
contributing to the emotional Stroop effect.

Generally, words that are more frequent in the
lexicon will make it easier for participants to identify
them and their emotional content [42].
Neuroimaging studies have indicated that lexical
word frequency and emotional valence interact (at
least with respect to brain activation). For example,
Scott et al. [43] found that high frequency negative
words recruit additional cognitive resources as com-
pared to other stimuli. It is clear then that if
sentences in one emotional category (e.g. Fear) will
have (on average) a higher lexical frequency than
sentences in other categories (e.g. Anger, Happiness
and Sadness), word frequency alone can be the cause
of a difference in identification of emotions between
these categories.

Phonologic neighbourhood density was found to
have a significant effect on spoken word recognition.
Recall that the current study is designed to provide
a set of sentences that can be used in future studies
in a spoken format, as well as in a printed format.
Thus, even though the sentences presented here
were rated on lexical content (and presented visually,
in a print form), it is important to control for this
(phonological) factor as well. Phonological neigh-
bourhood density is measured as the number of
‘neighbours’ (i.e. words differing from the target
word by a single phoneme) a word has in the English
lexicon. Namely, a word with a denser phonologic
neighbourhood sounds very similar to other words in
the mental lexicon. Several studies have shown that
the identification of spoken words slows down as
density increases [44–47]. Thus, the average pho-
nologic neighbourhood density of a sentence can
have a significant effect on the identification of
emotion in speech. Recently, Goh et al. [45] showed
that the effects of phonologic neighbourhood density
and word frequency on spoken word recognition are
not additive, but interact in a complex fashion. For
the reasons described above, in the current study the
average word frequency and phonologic neighbour-
hood density of words do not differ significantly
between emotional categories. Thus, differences
in identification of emotions between these
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categories (in both spoken and print contexts)
cannot be attributed to variation in those linguistic
characteristics.

In addition to the linguistic characteristics of the
content words, other linguistic features related to the
sentences as a unit may also create a bias in the ability
to identify emotions in spoken language. First,
consider the length of an utterance. Longer sen-
tences may be more complex and require extra
resources to process. For example, in a study on
speech comprehension, Lidestam et al. [49] found
that shorter sentences may improve performance
equally for negative and positive emotional sen-
tences. This could suggest that sentence length (and
complexity) may influence one’s ability to identify
emotion, in particular for patients with limited
cognitive resources. Therefore, it was important to
constrain the approximate length of the lexical
sentences in this study to an average of seven
syllables (range¼ 3–10 syllables) and to ensure that
sets of sentences in the emotional categories were
matched on the average number of syllables.

As mentioned earlier, mixing statements with
questions may not be a good strategy, as it affects
word order and prosody (when used in a spoken
context). For these reasons, none of the sentences
used in this study was phrased in the form of a
question. Finally, the repetition of critical words in
the sentences was kept to a minimum. This was done
to prevent practice effects and word habituation. For
example, when the content word ‘better’ is seen and/
or heard for the third time (as it appears in three
sentences in the Happiness category of Russ et al.’s
[29] list), the listener will adapt to it. This could
either prime the emotion associated with the word or
possibly dilute it. Furthermore, a variety of sentences
can serve to trigger idiosyncratic performance pro-
files in EID, specifically in a pathological population
that is characterized with Alexithymia (as in ABI).

Raters and validity. The ecological validity of the
sentences was a priority in constructing the set of
sentences. To this end, and in contrast to the study
by Russ et al. [29], this study recruited a large group
of (relatively) naı̈ve raters (61, excluding 13 as
outliers), that had not received any training in this
type of task. This is important, as it is anticipated
that these sentences will be used in assessments of
the ability to identify emotions in a variety of
populations, including and perhaps most impor-
tantly, persons with Alexithymia. There is a limita-
tion in the age ranges one can accept for this type of
task, as older individuals may respond quite differ-
ently from younger individuals in terms of emotional
valence judgements. Recent studies show age-related
differences in the encoding of emotional stimuli

[50, 51], although the perception of prosody may be
unaffected by age, as older adults depend more on
amplitude envelope (suprasegmental) cues in speech
recognition [52] and prosody was found to facilitate
recognition to the same degree for younger and older
adults [53]. To avoid potential biases and to keep the
raters group relatively homogenous, only young
adults were recruited. This study further excluded
outlier raters by two measures of validity: inconsis-
tency of responses and their infrequency. To main-
tain test validity this study controlled for both the
order of sentence-presentation and the order of
emotional scales (see Method section for a further
discussion on the validity of raters and of the test).

Summary. Following the above depicted criteria,
this study presents a set of 50 sentences, validated
for their emotional (lexical) content in each of the
following five categories: Anger, Sadness, Fear,
Happiness and Neutral (10 sentences each). It also
presents a set of 94 sentences in the five emotional
categories that are based on less stringent criteria. It
is suggested that these sets form, to date, the most
optimized lexical stimuli to test the identification of
emotion in both visually presented and spoken
language, specifically with patient populations with
acquired brain injury.

Method

Participants

Sixty-one young adults (ages ranging from 18–30
years old) participated in this study. They were either
undergraduates at the University of Toronto,
Mississauga, or individuals who had completed a
bachelor’s degree. Participants received either course
credit or were paid $10/hour for their participation.
All participants were native English speakers, as
assessed by a self-report, and achieved a minimum
Mill-Hill Vocabulary Test [54] score of 9/20,
corresponding to normal vocabulary levels for
native-English speakers. All participants indicated in
a self-report that they did not suffer from any psycho-
pathological state or took psycho-active medication.
Data from 13 participants had to be discarded as these
participants were flagged as outliers (based on the
criteria mentioned above and in the following sec-
tions), leaving 48 raters for the current data set.

Stimuli

In a set of pre-tests, 88 undergraduate students rated
emotional words found in the literature. Based on
these ratings, a list of 500 sentences was constructed.
Some of these sentences were constructed by
altering sentences collected from various resources
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available on-line or published in the literature
(e.g. TIMIT [55] and SPIN [56]). In the next
phase of the study, a group of 40 young adults
(different from the ones mentioned above under
participants) rated portions of these sentences (in a
printed format) on their emotional content, until the
authors were able to construct a list of 125 candidate
sentences, 25 for each emotional category (Anger,
Fear, Happiness, Sadness and Neutral). This
selected list comprised the sentences used for the
current study that either best described uniquely one
intended emotion (for affective sentences) or none
(for neutral sentences), based on these pre-test
ratings.

Procedure

Each participant completed the rating study individ-
ually on a computer console using SurveyMonkey
(https://www.surveymonkey.com). Participants were
asked to rate each visually presented sentence four
times on a 6-point Likert scale corresponding to the
four emotions: Anger, Fear, Happiness or Sadness.
The rating task was introduced as follows:

How much do you agree with the following statement:
‘this sentence conveyed a happy [fearful, sad, angry]
emotion’ from 1 ‘completely disagree’ to 6 ‘comple-
tely agree’?

Note, the original scale used in the study was
reversed, but, for ease of reporting the data, the
ratings have been converted, so that a higher rating
reflects a higher agreement. Responses were made
by pressing the appropriate key on a keyboard. To
preserve a high level of attention throughout the
study and avoid fatigue, the list of 125 sentences was
randomly divided into two sections, section A with

62 sentences and section B with 63 sentences. Each
section was presented to a different group of 24
participants (after excluding outliers). Sentences
were grouped into four experimental blocks. In
each block, participants were asked to rate the list
of sentences on a different emotional scale.
Controlling for order effects is specifically important
in the context of emotional ratings, as the emotion
presented in one trial may serve as a context on
which the next sentence will be rated. To counteract
these biases, two methods were utilized. First, the
order of sentence presentation within each block was
randomized, to ensure that sentence order would
vary between blocks and between participants.
Secondly, the order of the four emotional blocks
was counterbalanced across subjects using a Latin
square procedure [57], making for four different
block-order conditions. This counterbalancing pro-
cedure, when combined with the two sections (each
including half of the stimuli), generated eight
experimental groups (six participants per group).
In general, each participant was asked to rate 248 (in
section A) or 252 (in section B) critical items, with
an additional 20 catch trials as outlined in the
following section. A description of the eight exper-
imental groups is presented in Table I. All together,
the experimental sessions took no longer than 45
minutes for each subject.

Raters’ response validity and outlier selection

To control for inconsistency of responses, five control-
sentences, one in each category, were presented
twice in each experimental block (in a randomized
order), generating 20 catch trials (five sen-
tences� four blocks). Participants who did not rate
the repeated trials of the five control-sentences
consistently (a rating difference of more than two

Table I. The order of the emotional rating blocks is denoted as group-orders 1, 2, 3 and 4 and the division of sentences as sections A
and B.

Experimental
groups

Number of
participants

Number of
sentences

Number
of trials

Order of emotional rating blocks

Anger Sadness Fear Happiness

1A 6 62: 248 1st 2nd 3rd 4th
2A 6 12 Anger

13 sadness
13 fear
12 happiness
12 neutral

4th 3rd 2nd 1st
3A 6 2nd 4th 1st 3rd
4A 6 3rd 1st 4th 2nd

1B 6 63: 252 1st 2nd 3rd 4th
2B 6 13 Anger

12 sadness
12 fear
13 happiness
13 neutral

4th 3rd 2nd 1st
3B 6 2nd 4th 1st 3rd
4B 6 3rd 1st 4th 2nd

Sum 48 125

Affective and neutral validated sentences 211
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points in one emotional scale, for at least one
sentence) were flagged as outliers and removed
from further analysis. Furthermore, participants
who failed to rate more than 5% of all critical
items (>5% missing trials) were also excluded. To
control for infrequent responses, in each section five
sentences were sampled, one from each emotional
category: four affective sentences that were rated
extremely high on their corresponding emotional
scale during pre-tests and a neutral one that was
rated low on all four scales (see Appendix C).
Participants who did not agree that the sampled
affective sentences represented their corresponding
emotion (i.e. provided a rating lower than 4) or that
the sampled neutral sentence did not represent any
emotional scale (i.e. provided a rating higher than 3
for any given scale) were again excluded as outliers.
In total, the ratings of 10 participants were excluded
based on these criteria, the ratings of two others
based on low scores on a vocabulary test and the
ratings of another participant on the basis of a high
rate of missing data (total: 13).

Linguistic characteristics

To ascertain the linguistic characteristics of the
sentences, first, all content words were collected
from each sentence (i.e. in the sentence ‘I really love
nature’, the words ‘really’, ‘love’ and ‘nature’, but
not the function word ‘I’). Next, from the English
lexicon project data-base [58], their frequency of
usage in the English lexicon was gathered, as
measured by the Hyperspace Analogue to
Language frequency norms (HAL [59]), and the
density of their phonological neighbourhood.
Finally, for each sentence the linguistic characteris-
tics of its content words were averaged.
Furthermore, all of the sentences tested in the pre-
tests and experimental tests had no more than 10
syllables and no less than three syllables, with an
average length of seven syllables.

Data analysis

Missing responses on single cases were treated as
missing data in the analysis (less than 0.3% of the

responses). For each sentence on each rating scale,
the average and the standard deviations of the
responses of the 24 participants were calculated for
each section. Responses that exceeded 2.5 SD from
the mean were excluded from analysis (less than
1.0% of all responses).

Results

Top 50 sentences

The top 10 sentences in each of the five emotional-
categories (Anger, Fear, Sadness, Happiness and
Neutral) that in their lexical content best represented
their designated emotions and are matched on
linguistic characteristics were selected for the sen-
tence list presented in Appendix A.

Ratings. Table II presents the average ratings on
the four emotional scales for this list of the ‘top 50’
sentences. As a reminder, in the 6-point Likert scale
used in this study a rating of 1–3 indicates that the
rater disagrees that the sentences represented
the emotional scale and a rating of 4–6 indicates
that the rater agrees.

First, consider the shaded data cells that present
the average ratings of affective sentences in each
emotional category on their corresponding emo-
tional scale (i.e. Anger-category rated on an Anger-
scale, Fear on Fear, Happiness on Happiness and
Sadness on Sadness). The average rating across the
four categories was 5.45 (SD¼ 0.3), with ratings of
single sentences ranging from 5.0–6.0. These robust
high-scores reflect that the 40 affective sentences
were judged by the raters as strong representations of
their corresponding emotions. Next, consider the
ratings of affective sentences in each emotional
category on their non-corresponding emotions (e.g.
sentences in the Anger-category rated on Happiness,
Sadness and Fear scales). Across the 40 affective
sentences, the average rating was 1.65 (SD¼0.3),
with average ratings for non-corresponding emotions
on single sentences ranging from 1.0–2.0. These low
scores indicate that the 40 affective sentences were

Table II. Ratings were on a 6-point Likert scale, ranging from 1 (completely disagree that the sentence conveys a ___ emotion) to 6
(completely agree). Shaded data cells present average ratings of affective sentences on their corresponding emotional scales.

Ratings on emotional scales

Emotional categories n Anger Fear Happiness Sadness

Affective Anger 10 5.3 (0.3) 1.9 (0.2) 1.4 (0.2) 2.1 (0.4)
Fear 10 2.2 (0.3) 5.5 (0.2) 1.5 (0.2) 1.8 (0.3)
Happiness 10 1.1 (0.1) 1.2 (0.1) 5.6 (0.2) 1.2 (0.1)
Sadness 10 2.0 (0.3) 2.1 (0.3) 1.3 (0.2) 5.4 (0.2)
Neutral 10 1.3 (0.1) 1.3 (0.1) 2.2 (0.1) 1.3 (0.1)
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not confused by the raters with any of the other
tested emotions. Finally, ratings for the neutral
sentences were examined. The average rating for
the 10 neutral sentences on all four emotional scales
(by their nature, neutral sentences do not have a
corresponding emotional scale) was 1.5 (SD¼ 0.03),
with the range for single sentences (across emotions)
varying from 1.5–1.6. These consistent low scores
can attest to the fact that the 10 neutral sentences
were not judged by the raters as reflecting any one of
the four tested emotions.

To confirm that affective sentences were consis-
tently judged better on their corresponding emotion
than on their non-corresponding emotions, 40 sep-
arate paired sample t-tests (one for each affective
sentence) were conducted, comparing the score on
the corresponding emotion with the average score on
all other emotional scales (e.g. for a sentence in the
Fear category, the average score on the Sadness,
Happiness and Anger scales was compared with the
score on the Fear scale). All 40 tests were found
to be significant (t> 8.8, p< 0.001, for all tests),
indicating the validity of the ratings. Next, in a series
of post-hoc one-sample t-tests (with a Bonferroni
correction of the probabilities for two comparisons),
it was verified that individual sentences received an
average rating that was significantly different than a
set threshold. First, it was confirmed that average
ratings for each of the 40 affective sentences across
all three non-corresponding emotions were signifi-
cantly below 2.5, indicating that these sentences
were judged as poor representations of the non-
corresponding emotions (t> 2.7, p< 0.05, for all 40
tests). Next, it was found that ratings of the 40
affective sentences on their corresponding emotions
were significantly above 4.5, indicating that they
were considered an excellent representation of their
corresponding emotions (t> 2.8, p< 0.05, for all
40 tests). Similarly, in a set of one-sample t-tests it
was found that for all 10 neutral sentences the
average ratings across the four emotional scales were
significantly below 2.0 (t> 2.7, p< 0.05, for all
10 tests), confirming that these sentences were
considered a poor representation of all the tested
emotions.

The series of one-sample t-tests described above
can also attest to the consensus among the raters. To
further ascertain this conformity, Table III presents
the average percentage of raters that provided a high-
score of 5 or 6 on each emotional scale for sentences
in the five emotional scales. A high percentage of
high-score ratings indicates an agreement amongst
raters that a sentence reflects a particular emotional
scale, whereas when (almost) none of the ratings
were 5 or 6, it indicates a consensus amongst raters
that that sentence does not strongly reflect an
emotional scale. Examining the shaded data cells
that present ratings of affective sentences on their
corresponding emotions, the average percentage
across the 40 sentences was 91%, with a range of
70–100% for ratings of single sentences. This
indicates a high consensus amongst the raters that
the lexical content of these sentences is strongly
associated with the corresponding emotions. The
average percentage of high score ratings of the 40
affective sentences on their non-corresponding emo-
tional scales was extremely low, 1.2%, with a range
of 0–8% for averages of ratings of single sentences
on their three non-corresponding emotional scales.
Together, the data in Table III demonstrate a high
consensus among raters that the affective sentences
were not associated with emotions other than their
own corresponding emotion. Finally, none of the 10
neutral sentences has received on any single emo-
tional scale a score of 5–6 from even one of the 48
raters. Again, one can observe a high consensus
among the raters that the 10 neutral sentences do
not reflect any of the tested emotions.

The standard deviations of ratings of individual
sentences were also used as a threshold criterion for
the conformity of raters. The average standard
deviation for emotional ratings of the top 50 sen-
tences, across the four emotional scales, was 0.74.
When selecting sentences for the top 50 list, sentences
were excluded if they had an average standard
deviation across the four emotional scales that was
higher than 1.0. It is important to note that standard
deviations were low for neutral sentences (0.69), as
well as for the affective sentences (0.75), indicating
low variability across raters in both classes.

Table III. High-score rating—the score 5 or 6 in a 6-point Likert scale corresponding to ‘(completely) agree that the sentence conveys
a ___ emotion’. Shaded data cells present average ratings of affective sentences on their corresponding emotional scales.

Ratings on emotional scales

Emotional categories n Anger Fear Happiness Sadness

Affective Anger 10 87% 2% 0% 5%
Fear 10 5% 92% 0% 2%
Happiness 10 0% 0% 98% 0%
Sadness 10 3% 2% 0% 86%
Neutral 10 0% 0% 0% 0%
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Similar to Russ et al. [29], this study also found
that Happy sentences showed in general more
distinct ratings and more consistency among the
raters compared to the other affective sentences.
First, average rating of sentences from the Happiness
category on the Happiness scale were significantly
higher than the average rating of sentences in the
other affective categories on their own corresponding
scales (5.6 vs. 5.4, t(38)¼ 2.0, p<0.05). Secondly,
the average rating of sentences in the Happiness
category on their non-corresponding scales was
significantly lower than the average rating of sen-
tences in the other affective categories on their
non-corresponding emotional scales (1.2 vs. 1.8,
t(38)¼12.8, p< 0.001). Taken together, this indi-
cates that Happy sentences were rated as a more
distinct representation of their corresponding emo-
tion than sentences in other affective categories.
Thirdly, it was found that ratings of Happy sen-
tences were characterized by a higher conformity
across raters than in the other affective categories, as
indicated by the average standard deviations across
the four emotional scales (0.40 vs. 0.87,
t(38)¼14.0, p< 0.001). Finally, 98.3% of the
ratings of Happy sentences on the Happiness scale
fell in the high-score range (5–6). This contrasts with
the percentage of the ratings of the other affective
sentences that were high on their corresponding
emotional scales (an average of 88.5%; t(38)¼ 3.1,
p< 0.005).

Linguistic characteristics. The averages for the lin-
guistic characteristics of the 50 sentences in each
emotional category are presented in Table IV. To
estimate whether there were any significant differ-
ences between the emotional categories, three sep-
arate ANOVAs were conducted, with the type of
category (Anger, Sadness, Happiness, Fear and
Neutral) as a between-participant factor. In the
first ANOVA the dependent variable was the
number of syllables, in the second, the average
word frequency and, in the third, the density of the
phonological neighbourhood. All three ANOVAs
were non-significant (F(4, 45)<1 and p>0.5 for all

three tests), therefore the five emotional categories
(sets of sentences) were found to be balanced in their
linguistic characteristics, with an overall average
across all five emotional categories of 6.70 syllables
(SD¼1.5) per sentence, an average frequency of
content words of 10.17 (HAL scale, SD¼ 1.3) per
sentence and an average phonological neighbour-
hood density of the content words of 12.59
(SD¼8.7) per sentence.

Top 94 sentences

Acknowledging that some experiments or tests may
require more than 50 sentences, or more than 10
sentences in a specific emotional category, this study
also included an analysis of the top 94 sentences
from the study. These 94 sentences, 74 affective
sentences in four emotional-categories and 20 neu-
tral sentences, were found to reflect their corre-
sponding emotion (affective sentences) or no
emotion (neutral) and were balanced on their
linguistic characteristics. As the top 94 sentences
list includes the 50 sentences analysed earlier,
Appendix B presents the list of additional sentences.
These additional 44 sentences are based on less

stringent criteria regarding their ratings than the ones
used for the top 50 sentences; however, they still
provide a set of validated sentences.

Ratings. Table V presents the average emotional
ratings of the 94 sentences grouped into five
emotional-categories, 16 in an Anger-category, 19
in a Fear-category, 20 in a Happiness-category, 19 in
a Sadness-category and 20 in a Neutral-category.
The average rating of the 74 affective sentences on
their corresponding emotional scales (presented in
the shaded cells) was 5.4 (SD¼ 0.3), with ratings of
a single sentence ranging from 4.7–6.0. The average
rating for affective sentences on their non-corre-
sponding emotions was 1.7 (SD¼ 0.4), with a range
of 1.0–2.5 for ratings of a single sentence (across
three non-corresponding scales). Thus, the 74 emo-
tional sentences were judged by the raters to reflect
only their corresponding emotion. The average
rating of the 20 neutral sentences on all four

Table IV. Data on word frequency in the English lexicon and word phonologic neighbourhood density are averaged across the content
words in each sentence. The numbers of syllables are measured for the full sentence.

Linguistic characteristics

Emotional categories n Number of syllables Frequency (HAL) Phonologic neighbourhood

Affective Anger 10 6.30 (1.9) 10.55 (1.8) 14.45 (12.4)
Fear 10 7.00 (2.0) 10.06 (1.4) 14.48 (10.5)
Happiness 10 7.00 (1.4) 10.14 (1.9) 9.03 (3.4)
Sadness 10 6.50 (1.3) 10.06 (1.4) 11.36 (8.6)
Neutral 10 6.70 (0.9) 10.03 (1.1) 13.64 (5.8)

214 B. M. Ben-David et al.

B
ra

in
 I

nj
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

T
or

on
to

 o
n 

01
/1

1/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



emotional scales was 1.6 (SD¼ 0.05), with the range
for single sentences from 1.5–1.7, indicating that the
20 neutral sentences were not judged by the raters as
reflecting any of the four tested emotions. In a set of
paired sample t-tests (one for each sentence) it was
found that the score which raters provided for an
affective sentence on its corresponding emotional
scale was significantly different than the average
rating on all of the non-corresponding emotional
scales (t>10.2, p< 0.001 for all tests). In post-hoc
t-tests, Bonferroni corrected for two comparisons,
it was verified that the average ratings of affective
sentences across the three non-corresponding emo-
tional scales were significantly below 3.0, a rating
reflecting a poor representation of these emotions
(t> 2.5, p< 0.05, for all tests). Similarly, average
ratings of sentences on their corresponding emotions
were significantly above 4.3, a rating reflecting
a good representation (t>2.3, p< 0.05, for all
tests, Bonferroni corrected). The neutral sentences
were all found to have average scores across the
four emotional scales that were below 2.0 (t> 2.7,
p< 0.05, for all tests), indicating very poor repre-
sentation for any of the tested emotions.

To validate the conformity across raters, Table VI
presents the percentage of raters that provided a
score of 5 or 6 on an emotional scale. Eighty-eight
per cent of ratings of affective sentences on their
corresponding emotions (shaded cells) were high,

with a range of 65–100% for ratings of single
sentences. Only 2% of the scores given to these 74
sentences on their non-corresponding emotional
scales were 5–6 (with a range of 0–11% for single
sentences). Less than 1% of the ratings given to
neutral sentences were high on any of the four
emotional scales (with a range of 0–2%, for single
sentences). Therefore, ratings indeed reflected a
high consensus amongst the raters. The standard
deviations of ratings of individual sentences were
further used as a criterion for the conformity of
raters. The average standard deviation for the top 94
sentences, across the four emotional scales, was
0.78. This average was low for both affective (0.80)
and neutral sentences (0.72). The criterion for
exclusion from the top 94 sentences list was an
average standard deviation above 1.1.

The advantage of the Happy sentences over
sentences in the other affective categories was
preserved in the list of 94 sentences. Average ratings
of Happy sentences on the Happiness scale were
significantly higher than the average ratings of other
affective sentences on their corresponding scales
(5.54 vs. 5.34, t(72)¼ 2.7, p< 0.01) and ratings of
Happy sentences on their non-corresponding emo-
tional categories were significantly poorer than the
equivalent ratings of the other affective sentences
(1.2 vs. 1.9, t(38)¼ 14.0, p< 0.001). Ratings of
Happy sentences were characterized by a higher

Table VI. High-score ratings—5 or 6 in a 6-point Likert scale corresponding to ‘(completely) agree that the sentence conveys a ___
emotion’. Shaded data cells present average ratings of affective sentences on their corresponding emotional scales.

Ratings on emotional scales

Emotional categories n Anger Fear Happiness Sadness

Affective Anger 16 81% 1% 0% 5%
Fear 19 6% 89% 0% 4%
Happiness 20 0% 0% 94% 0%
Sad 19 4% 8% 0% 87%
Neutral 20 0% 0% 1% 0%

Table V. Ratings were on a 6-point Likert scale, ranging from 1 (completely disagree that the sentence conveys a ___ emotion) to 6
(completely agree). Shaded data cells present average ratings of affective sentences on their corresponding emotional scales.

Ratings on emotional scales

Emotional categories n Anger Fear Happiness Sadness

Affective Anger 16 5.1 (0.3) 1.8 (0.2) 1.5 (0.2) 2.3 (0.4)
Fear 19 2.3 (0.3) 5.4 (0.3) 1.5 (0.2) 2.1 (0.4)
Happiness 20 1.2 (0.1) 1.3 (0.2) 5.5 (0.2) 1.2 (0.2)
Sad 19 2.3 (0.5) 2.4 (0.5) 1.3 (0.2) 5.4 (0.3)
Neutral 20 1.4 (0.1) 1.3 (0.1) 2.3 (0.1) 1.3 (0.1)
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conformity across raters, as indicated by the average
standard deviations across the four emotional scales
(0.50 vs. 0.91, t(72)¼ 13.1, p< 0.001) and by the
percentage of high-score ratings given to sentences
on their non-corresponding emotional scales (0.1%
vs. 3.3%, t(72)¼3.2, p< 0.005) and the percentage
of high-score ratings given to sentences on their
corresponding scales (94.0% vs. 85.9 %, t(72)¼ 4.9,
p< 0.001). Taken together, these analyses on a
larger set again show that sentences in the Happy
category were characterized with stronger ratings
and a higher conformity among raters.

Linguistic characteristics. Table VII presents the
averages for the linguistic characteristics of the 94
sentences in each emotional-category. Three sepa-
rate ANOVAs were conducted, with the type of
category (Anger, Sadness, Happiness, Fear and
Neutral) as a between-participant independent
factor and as the dependent variables the number
of syllables, the average frequency of words in the
English lexicon and the average density of the
phonological neighbourhood. All three ANOVAs
were non-significant (F(4, 89)< 1.6 and p>0.1 for
all three tests), confirming that the five emotional
categories were not significantly different in their
linguistic characteristics, with an overall average
across all five emotional categories of 6.55 syllables
per sentence (SD¼ 1.8), an average frequency of
content words of 10.16 (HAL scale, SD¼ 1.6) per
sentence and an average phonological neighbour-
hood density of content words of 10.67 (SD¼ 7.6)
per sentence.

Discussion

The current study was set up to generate a list of
validated lexical sentences that can convey a specific
emotional content (or no emotional content) in a
reliable manner while being matched for linguistic
features, such as number of syllables, word fre-
quency and neighbourhood density. This list was
designed to allow researchers and clinicians to assess
the ability of individuals to identify emotions in both

written and spoken language, in particular individ-
uals who have a known deficit in this faculty (e.g.
persons with ABI). Ratings, performed by a group of
48 representative and naı̈ve young adults, clearly
identified sentences that on the basis of their lexical
content are well-chosen prototypes for each of the
five selected emotional categories (Anger, Sadness,
Happiness, Fear and Neutral). To accommodate
different experimental and clinical needs, data were
provided on a smaller set of 50 sentences that
showed the strongest consensus (and highest ratings)
and a larger set of 94 sentences that were still
excellent representatives for each emotional cate-
gory, but to a slightly lesser degree.

As discussed in the introduction to this paper, this
is not the first attempt to generate a list of emotional
content sentences and in particular the recent paper
by Russ et al. [29] is an example of such previous
efforts. However, it is believed the current set is an
important improvement on the sentences presented
by these authors for various reasons. First, across the
different emotional categories, sentences in the pre-
sent lists are carefully matched for basic linguistic
characteristics. Secondly, this study did not use
questions which could bias the findings in testing
for identifying emotional content when mixed with
other types of sentences [30]. Thirdly, there are also
some important differences with the current study in
terms of methodology, in particular with respect to
the number and type of raters (this study recruited a
large number of naı̈ve raters) and the way to establish
reliability for the ratings (variance vs. coefficient of
variance), as detailed in the outset of this study.
Similar to the Russ et al. [29] study, the current study
found a strong consensus among the raters showing
high (5–6 on a 6-point Likert scale) and consistent
agreement ratings for affective sentences belonging to
their corresponding emotional category, while at the
same time these sentences were consistently rated as
low (1–2) for alternative emotional categories. For
neutral sentences, raters were also in agreement that
they did not belong to any particular emotional
category. Given the lack of clear gender differences in
distinguishing between emotional categories of verbal

Table VII. Data on word frequency in the English lexicon and word phonologic neighbourhood density are averaged across the content
words in each sentence. The numbers of syllables are measured for the full sentence.

Linguistic characteristics

Emotional categories n Number of syllables Frequency (HAL) Phonologic neighbourhood

Affective Anger 16 6.13 (1.7) 10.81 (1.8) 12.95 (10.3)
Fear 19 6.53 (1.8) 9.71 (1.6) 10.74 (8.9)
Happiness 20 6.60 (1.4) 10.43 (1.6) 7.83 (4.3)
Sad 19 6.58 (1.3) 10.14 (1.2) 11.00 (7.3)
Neutral 20 6.85 (1.2) 9.81 (1.4) 11.28 (6.5)
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content [29], this study did not further pursue
gender-based analyses of the data.

This study also replicated the Russ et al. [29]
finding that Happy sentences in general show higher
and more consistent ratings compared to other
emotions. This confirms that overall an emotion of
Happiness seems somewhat easier to identify in a
print context, perhaps in the way emotional verbal
content may induce an emotional state in the reader,
which in turn may influence attention differently for
Happy and non-Happy emotions [60, 61]. Another
possible explanation is that Happiness was the only
positive emotion tested (both in this study and in
Russ et al. [29]), whereas Anger, Fear and Sadness
are all negative emotions. A Happy sentence may be
unique in its emotional ratings only in the context of
the other emotions investigated here.

The main weakness of the current study is that
raters were only recruited from a specific cohort of
young adult English-speaking residents of southern
Ontario, Canada. Although the group was larger and
more representative than the one used in a previous
study [29], it remains to be determined in future
studies if the sentences are equally applicable to
other groups, especially where there are cultural and
language background differences. However, based
on the strong consistency of the emotional ratings
and the fact that the sentences were rated as
extremely (smaller set, top 50 sentences) or very
(larger set, top 94 sentences) prototypical for a given
emotional category, there is no reason to expect
any major differences with other speakers from a
North-American background.

Conclusion

The database presented in this study provides a
meaningful set of validated lexical stimuli that can be
used for assessing the ability to identify emotions in
spoken language in people with and without disor-
ders in this faculty. This set, when used in a spoken
context, can further assist to separately identify the
impact of prosody and lexical content on identifica-
tion of emotions in speech. Since difficulty in
identifying emotions in speech has significant
impacts on the rehabilitation of persons with ABI
[20–22], it is believed this database can be useful as a
tool to improve the reliability of the assessment and
the rehabilitation of communication skills of persons
with ABI.
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Appendix A: A list of the top 50 sentences, 10 sentences in each emotional category

Appendix B: A list of the 44 sentences (in five emotional categories) that complement the list in

Appendix A to make for the Top 94 sentences found in the study

Emotional category Sentences

Anger Do not push your luck. I’m sick of you being late.
Do not waste my time. Quiet, this is a library.
Get out of my room. Stop what you’re doing and listen to me.
Go to hell. This is infuriating.
I am very angry. You over-charged me for that.

Fear He has a knife. It’s about to explode.
I can hear footsteps in the night. Look out there’s a car coming.
I can’t see the bear but I can hear it. Run for your life.
I hear a sharp scream from behind. The fire is spreading to the gas pipe.
I smell gas leaking from the stove. Watch out for that tiger.

Happiness Congratulations, you’re hired. I won an award.
Good job, the crowd loved you. It’s a beautiful day outside.
Great, you got first place. This food tastes very good.
I feel wonderful today. This is my favourite part.
I got promoted in my job. This is the happiest day of my life.

Sad Gray clouds make me feel gloomy. My pet died today.
I am so lonely. The weather is depressing.
I’m going to a funeral. This is a sad moment.
I’ve been crying all day. This scene makes him feel blue.
My best friend is moving away. This song makes me cry.

Neutral A bag is in the room. I see a rug on the floor.
Containers have a blue lid. Lots of bins are in the room.
Digital clocks are common. Our body is made of water.
Four drawers are in the cabinet. Red pipes are metallic.
He stands on the deck. This is a garbage can.

Emotional category Sentences

Anger I wasn’t talking to you. You disgust me.
Stop wasting my time. You need to grow up.
This is not your concern. You think you know everything.

Fear I am choking. The cobra is on the loose.
I’m so scared. This place is creeping me out.
Someone is following me. Watch out, he’s got a gun
Something is creeping up my leg. You’re starting to scare me.
That man terrifies me.

(continued )
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Appendix C: A list of the 10 sentences (two in each emotional category) that were presented twice

to participants, five in version A and five in version B of the survey

Appedix B. Continued.

Emotional category Sentences

Happiness I really love nature. I’m marrying the one I love.
His words make me smile. Thanks for the present.
I am going on vacation. The clouds are pretty today.
I am graduating today. This food tastes very good.
I love you so much. Your kids are so cute.

Sad I am so very sorry. She is filled with despair.
I have no friends. She lost her whole family.
I think we should see other people. She said she wants a divorce.
My son is miserable. The orphans never saw their father.
No one sat beside me at lunch.

Neutral Her book is under her bed. Some tablecloths are in the basket.
Her camera is in the bag. The earth is round.
His glasses are on the table. There are magnets on the fridge.
My spoon is on the table. This table is brown.
One towel is folded. Your music sheets are on the stand.

Emotional category Version Sentences

Anger A Do not push your luck.
B I’m sick of you being late.

Fear A It’s about to explode.
B I can hear footsteps in the night.

Happiness A Good job, the crowd loved you.
B I feel wonderful today.

Sad A Gray clouds make me feel gloomy.
B This scene makes him feel blue.

Neutral A He stands on the deck.
B One towel is folded.
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