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Abstract
Indirect forms of speech, such as sarcasm, jocularity (joking), and ‘white lies’ told to spare
another’s feelings, occur frequently in daily life and are a problem for many clinical populations. During social interactions, information about the literal or nonliteral meaning of a
speaker unfolds simultaneously in several communication channels (e.g., linguistic, facial,
vocal, and body cues); however, to date many studies have employed uni-modal stimuli, for
example focusing only on the visual modality, limiting the generalizability of these results to
everyday communication. Much of this research also neglects key factors for interpreting
speaker intentions, such as verbal context and the relationship of social partners. Relational
Inference in Social Communication (RISC) is a newly developed (English-language) database composed of short video vignettes depicting sincere, jocular, sarcastic, and white lie
social exchanges between two people. Stimuli carefully manipulated the social relationship
between communication partners (e.g., boss/employee, couple) and the availability of contextual cues (e.g. preceding conversations, physical objects) while controlling for major differences in the linguistic content of matched items. Here, we present initial perceptual
validation data (N = 31) on a corpus of 920 items. Overall accuracy for identifying speaker
intentions was above 80 % correct and our results show that both relationship type and verbal context influence the categorization of literal and nonliteral interactions, underscoring
the importance of these factors in research on speaker intentions. We believe that RISC will
prove highly constructive as a tool in future research on social cognition, inter-personal
communication, and the interpretation of speaker intentions in both healthy adults and clinical populations.

Introduction
Social dimensions of interpersonal communication have received more and more attention
within the last decade, partly due to the rise of social neuroscience [1,2] and the trend to consider pragmatic aspects of language [3]. The meanings encoded by language are often a central
feature of social interactions [4,5], although most of our interactions are not entirely literal and
require some sort of inference-making ability because what is said and what is understood are
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often not the same [6]. Indeed, indirect meanings characterized by irony, sarcasm, and white
lies are omnipresent in daily life, although the relationship between the message and speaker
intentions is not always the same; for instance, a speaker who is lying means to hide their insincerity from the listener, whereas someone employing sarcasm or irony wants the listener to recognize the non-literal meaning of their utterance [7]. Thus, the detection of indirect meanings
requires careful interpretation of the speaker’s intention, a process relying on the integration of
basic semantic and syntactic comprehension, paralinguistic information processing, pragmatic
knowledge, visual perspective taking, emotion reading, and theory of mind (ToM). ToM refers
to the ability to infer the beliefs, feelings, and intentions of others and is essential for the comprehension of indirect speech and its inference.
The complex nature of nonliteral communication partly stems from its multimodality, since
both visual and auditory cues contribute to the perception of indirect meanings; Attardo et al.
[8], among others, claim that the recognition of ironic intent is critically reliant on adequate
evaluation and integration of cues across different sensory modalities and communication
channels. In most instances, the recognition of non-verbal information such as tone of voice,
facial expression, and body posture is important to understand indirect meanings that are literally insufficient [9]. Besides these basic cues, external features such as the discourse context
have been shown to influence social cognition [10–13], and nonliteral meanings can depend
on the type of relationship between communication partners, along such dimensions as closeness/distance and solidarity/authority [14–17].
The ability to recognize indirect meanings and speaker intentions is known to be problematic in a number of clinical populations associated with neurodevelopmental or acquired brain
disorder [18–20]. Consequently, there is increasing demand for validated assessment tools with
high ecological validity that simultaneously cover multiple facets of social cognition, such as
facial expressions, gaze, gestures, body language, and interpretation of contextual clues, which
must be processed simultaneously to interpret social behaviors correctly [21–24]. Proper multimodal stimuli that minimally control for semantic content, discourse analysis as well as relationship type are needed to study and assess nonliteral communication under realistic
circumstances, but are scarce; other stimuli often omit some of the aforementioned factors that
are critical for inferring speaker meaning. One valuable tool for evaluating nonliteral communication was developed by McDonald et al. [25], The Awareness of Social Inference Test
(TASIT), which evaluates the ability to interpret verbal and non-verbal signals and to judge the
mental state of speakers and their specific meaning in conversations. Participants performing
the TASIT watch videotaped vignettes, in which actors enact everyday conversations, and then
are probed about the emotion of the speaker (Part 1), or their communicative intentions as
being sincere, sarcastic or hiding the truth (Parts 2 & 3). Inspired by this work, here we introduce the development of a new database of short videotaped vignettes—the Relational Inference in Social Communication (RISC) inventory—which encodes four types of speaker
intentions (sincerity, irony (jocularity), sarcasm, white lies) while defining the relationship of
communication partners (romantic couple, friends, colleagues, boss/ employee) and the availability of discourse context (verbal or physical cues that help to infer speaker meaning).
Each vignette represents a verbal exchange between two adults (question-response dyads),
some of which begin with a verbal context that reveals the true intentions of the speaker, and
participants must interpret the intended meaning of the final response. Our main goal was to
gather initial perceptual data on these materials through a validation study that would lead
to a basic description of the communicative features of the database, and its individual videotaped vignettes, to benefit researchers who may wish to use RISC in studies of social cognition
and interpersonal communication. In what follows, we discuss research that informs the
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various factors that shaped development of RISC and the design of our perceptual validation
experiment.

Speaker intentions
The RISC database incorporates four different types of speaker intentions: sincerity, irony (jocularity), sarcasm, and white lies. Table 1 provides two examples of scripts developed for one
two scenarios. Literal (or sincere) interactions are marked by a consistency between the meaning of the utterance, the sentiment displayed by the speaker, and the verbal context. Thus, for
these items speakers are expressing what they honestly feel or think and are not trying to hide/
mask their true opinions or intentions. In order to construct literal and nonliteral utterances
with identical lexical content in our database, two distinct literal interactions were formulated;
in one case speakers expressed a positive disposition towards the topic (literal positive) and in
the other case they express a negative opinion (literal negative; see Table 1).
Compared to sincerity, irony is an indirect form of speech characterized by an opposition
between the literal meaning of an utterance and the intended meaning [26]. We decided to
focus on one particular form of irony, hereafter referred to as “jocularity”, which is often
described as “positive” sarcasm, banter, mocking or teasing [16,27]. In the current database,
jocular comments are negative statements with positive intentions. These statements are considered risky because they can be taken as direct insults; for instance, if you say “You’re a terrible cook!” to your communication partner, he/she could miss your ironic intent and be
seriously offended as a result.
Thus, it is crucial for the speaker use paralinguistic cues to be sure such “gentle mockery” is
perceived as such [28]. Research suggests that the nature of the relationship (close versus distant) might be particularly important for understanding jocular utterances [29]. When
Table 1. Examples of scripts corresponding to used scenes in RISC.
Example Scene “Wedding” (with verbal context)

Example Scene “Party” (no verbal context)

Literal positive

Literal positive

Lisa on the phone: . . . I’m looking forward already! I’ll call you later!

Anna: Do you think the party was a success?

Paul: Are you gonna come with me to Sarah’s wedding?

Peter: Yeah, I had a great time!

Lisa: Yeah, it is gonna be fun!
Literal negative

Literal negative

Lisa on the phone: . . . and I don’t really wanna go there, anyways. I’ll call you later!

Anna: Do you think the party was a success?

Paul: Are you gonna come with me to Sarah’s wedding?

Peter: No, no one fun.

Lisa: No, weddings aren’t really my thing.
Sarcasm

Sarcasm

Lisa on the phone: . . . and I don’t really wanna go there, anyways. I’ll call you later!

Anna: Do you think the party was a success?

Paul: Are you gonna come with me to Sarah’s wedding?

Peter (sarcastic): Yeah, I had a great time!

Lisa (sarcastic): Yeah, it is gonna be fun!
Jocularity

Jocularity

Lisa on the phone: . . . I’m looking forward already! I’ll call you later!

Anna: Do you think the party was a success?

Paul: Are you gonna come with me to Sarah’s wedding?

Peter (jocular): No, no one had fun.

Lisa (jocular): No, weddings aren’t really my thing.
White lies

White lies

Lisa on the phone: . . . and I don’t really wanna go there, anyways. I’ll call you later!

Anna: Do you think the party was a success?

Paul: Are you gonna come with me to Sarah’s wedding?

Peter: Yeah, I had a great time!

Lisa: Yeah, it is gonna be fun!
doi:10.1371/journal.pone.0133902.t001
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successful, it is believed that jocularity allows individuals to enhance their bonds through the
indirect expression of affection and shared laughter; this seems to be especially true if the individuals are close enough to tease without harming the relationship [27,30]. Indeed, the most
common cues to signal jocularity are laughter and linguistic phrases, such as "Just kidding!“, to
ensure that the listener does not interpret the comment in the wrong way [27]. Smoski and
Bachorowski [31] observed that laughter cues in the context of jocularity seem to have a dual
function: to mark the presence and understanding of jocularity, and to reinforce social
relationships.
Sarcasm has been described as a form of verbal irony that is bitter and directed against an
individual [28,32], and in opposition to jocularity it refers to positive statements with negative
intentions (for example saying “You are a great cook!” to somebody who messed up a dinner
meal). One of its possible social functions is to change someone’s behavior or opinion through
a polite form of criticism [33] or to increase the perceived politeness of the speaker [34] and to
mitigate the aggressiveness of the critical comment [35]. However, other studies imply that the
social function of sarcasm is oftentimes to be humorous [36] or to heighten dramatic effect
[37]. In terms of cues, it is difficult to define sarcastic and ironic cues in separation, since these
terms are often used interchangeably in the literature; Attardo et al. [8] described a number of
visual markers of jocularity/sarcasm when examining American actors in sitcoms on television.
These include: raised or lowered eyebrows; open, squinting or rolling eyes; winking, nodding
or smiling; or no expression at all (i.e., blank face). For example, Williams et al. [38] found that
speakers divert their gaze when being jocular/sarcastic in conversations. Besides visual cues,
vocal cues to sarcasm include slowed speech rate and nasalization [39], restricted pitch variation and long pauses between words [40], and, most consistently, changes in pitch-contour
[40–44]. Differences in pitch are frequently identified as a major marker of sarcasm; however,
the manner in which pitch appears to be used (i.e. higher, lower or monotonous) varies
between studies [43], Attardo, et al. [8] argue that there is no single ironic tone of voice and
that vocal cues are simply based on a departure from an individual's normal speech pattern.
Lies, the act of intentionally trying to mislead another person, are also a frequent part of
everyday life [45]. Although lies can be told for personal gain, the majority seem to arise for
psychological reasons related to “saving face”: to avoid hurting another’s feelings; to be accommodating and make things easier or more pleasant for others; to protect others from loss of
status or position; or to protect others from bother/doing something they prefer not to do
[45–48]. We refer to these as white lies when they function to modulate one’s self-image and
others’ perception of behavior. White lies, which involve hiding one’s true feelings or evaluations, are commonly told to ensure that a social interaction proceeds smoothly [49–51] and to
avoid negative consequences for the target [46]. Other social reasons include a desire to avoid
tension or conflict, to preserve interpersonal relationships, and to achieve interpersonal power
[46,52].
In comparison to jocularity and sarcasm, white lies seem to be triggered by a complex set of
motivations and intentions that render them expected in certain social situations. Thus, not
producing a white lie when expected can violate social norms and produce tension between
communication partners, even more than jocularity/sarcasm in many situations. While speakers usually try to hide the fact that they are lying, various auditory and visual cues that accompany the production of white lies can “leak out”; for example, auditory cues include temporal
fluctuations and increased pitch [53,54]. Recently, Rigoulot et al. [55] found that white lie
utterances are higher in pitch and demonstrate more pitch variation than corresponding sincere utterances. In addition, white lies may be accompanied by diverting eye contact [56] or
gaze avoidance, increased blinking, postural shifts, speech errors, and speech hesitations [57–
59]. By including social exchanges in our inventory that lead to a white lie, we expect that
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many of these cues will be captured in our stimuli and used to differentiate white lies from
other literal and nonliteral speaker intentions.

Social relationships
Another important aspect of social interactions is the type of relationship between communication partners, for example intimate or business. This factor plays an essential role in
whether literal and nonliteral comments are expected and how they are perceived [16]. Imagine a boss and her employee talking about a recent conference, and the boss asking if she
liked it. Let us assume the employee did not like the conference at all; she now has several
options how to answer this question. She could be literal, but in the event that her boss was
somehow involved in organizing the conference (or in another similar scenario), responding
in an honest (literal) manner might not be well received. Instead, the employee is likely to
utter a white lie and pretend that she liked the conference in these circumstances. However,
in a similar situational context with a more familiar communication partner (e.g., a friendly
colleague), the employee might answer the same question ironically, with the intention of
being humorous, or sarcastically to mark criticism. This exemplifies that what is expected
and tolerated in a communicative setting depends highly on familiarity and whether the relationship is defined as close, casual, solidary (i.e., individuals who share the same interests) or
authoritarian [17].
In their overview of how relationships shape jocularity and sarcasm perception, Pexman
and Zvaigzne [29] emphasize that close, liking relationships are more prone to use sarcasm
than other types of relationships. This conclusion fits with Gibbs’ [27] observation that friendship seems to encourage ironic talk, which may improve close relationships by emphasizing
the shared background of the participants [16,34]. Kreuz [60] underscored a link between the
use of jocularity and relationship type, proposing the term inferability to signify that people are
more likely to use jocularity in situations in which they are sure it will be understood as
intended; when speaker and listener know each other well, they are better able to foresee how a
statement will be perceived. As Clark and Gerrig [61] point out, jocularity can be accomplished
only when speaker and listener share relevant knowledge (or “common ground”); thus, jocularity is used more often and understood more readily in close relationships. Indeed, Kreuz [60]
found a positive correlation between ratings of closeness and ratings of the likelihood of using
sarcasm with target individuals, suggesting that people are more likely to use sarcasm in close
relationships than in distant relationships [34].
It has also been shown that lying depends on the type of relationship, the type of lie, as well
as an interaction between the two. In general, lies become more socially problematic in close
when compared to casual relationships [47,62]. In non-intimate relationships, Hample [63]
concluded that lies are told to more powerful others (employers, parents, teachers) in order to
defend oneself, while Camden et al. [46] found that subjects lied to satisfy their basic needs,
manage affiliation, and protect their self-esteem. More frequently, white lies are told to close
family members [47] and other people who are emotionally invested in the content of the lie
[64]. There is contradictory evidence as to how much white lies are expected or tolerated in different relationships. On one hand, an individual intent on being totally honest in close relationships could face negative consequences due to increased social conflict [65]; however, on the
other hand, research by Levine and Schweitzer [48] reveals that individuals who tell altruistic
(white) lies are perceived as more moral than those who tell selfish truths. Certainly, lying
behavior threatens interpersonal trust [66] and can impede the resolution of intimate conflict
[67]. However, it should be kept in mind that in certain social-relational contexts, literal interactions can also violate social norms [68,69].
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Context
It is well known that both verbal and nonverbal information play an essential role in the creation and comprehension of the communicative message as a whole [36,70]. Nonliteral language, in particular ironic utterances, is often used to explore the effects of a supportive context
on deriving contextually suitable interpretations [71], for example by manipulating context
strength in various ways. Of note, Katz and colleagues [72–74] introduced discourse elements
that evoked expectations of either a literal or a nonliteral interpretation as a function of the
speaker’s occupation; their results suggest that with appropriate contextual support, the nonliteral (sarcastic) meaning of a statement is made available as rapidly as the literal meaning. This
claim is in line with results showing that as discrepancies between an utterance and its factual
context become more obvious/pronounced, listeners are more likely to arrive at a nonliteral
interpretation of the utterance [75].
Thus, there are strong indications that the categorization of speaker intentions is guided by
contextual knowledge, such as verbal and physical cues, that reveal the speakers’ true state of
mind [25]. Accordingly, in the present study, verbal and physical context was systematically
introduced to furnish information about the true opinions and feelings of the speaker, and to a
lesser extent as a cue to specific speaker intentions. In some cases (e.g., literal versus sarcastic
vignettes), the verbal context that precedes the literal or nonliteral statement is identical and
should therefore not bias participants’ interpretation of the final utterance; in other settings,
contextual cues (e.g., literal versus white lies) play an important role in understanding the
speaker’s cognitive state and for recognizing speaker intentions, a factor that will be monitored
in our results.

Current approach
Based on our discussion, development of the RISC database was meant to be sensitive to different relationship manipulations marking social distance (couple, friends, colleagues, boss/
employee) that were played by four actors who communicated different sets of intentions (literal, jocular, sarcastic, white lie). Although we controlled the verbal script that actors could use
to communicate different intention types, our goal was to elicit relatively naturalistic interactions among the participants where intended meanings were expressed using a range of vocal,
facial, gestural and whole body movements that felt appropriate for the situational context. Our
goal was to gather information about how well speaker intentions were recognized by a group of
participants who categorized each video in a forced choice response paradigm; these data could
then be used to generate a comprehensive, controlled set of recordings that encode different
speaker intentions for future empirical work. Our general expectation was that vignettes encoding literal meanings would be identified more accurately than nonliteral meanings [72,76,77],
since nonliteral meanings and white lies rely in a more complex manner on concomitant social
and contextual cues (e.g., integration of nonverbal cues with the verbal message, integration of
preceding verbal information that conveys the speaker’s true opinion). We further anticipated
that sarcasm and jocularity would be recognized more effectively in close relationships (couple,
friends) than in distant relationships (boss-employee), yielding significant differences in accuracy according to relationship type to recognize these (and possibly other) intentions.

Methods
Production study
Ethics Statement. This study was ethically approved by the McGill Faculty of Medicine
Institutional Review Board in accordance with principles expressed in the Declaration of
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Helsinki. Informed written consent was obtained from each participant prior to their involvement in the research, and additional consent to publication was obtained prior to publication.
Participants. Four native English speakers (two male, two female; mean age in years:
19.50, SD: 0.50), recruited for having amateur acting experience (mean years experience: 4.00,
SD: 0), expressed the different communicative intentions. None of the actors were acquainted
prior to taking part in the study and each received CAD $10 per hour as compensation. All
actors spoke with a standard (central) Canadian English dialect.
Materials. Forty-eight different scenes, or social-interactive contexts, were constructed in
which actors communicated four different speaker intentions (literal, jocularity, sarcasm, white
lie) in each of four relationship types (defined below). As a basic structure, each script included
an invariable question posed by one of the two characters (e.g., “Did you like that restaurant I
recommended?”), which was followed by one of two possible responses from the other character to allow each of the four intentions to be communicated in the context of the scene. One of
the two responses was positive (“The food was exceptional!”) and one was negative (“It was a
bit over the top for me”). Positive responses could be expressed in a literal positive manner, sarcastically or as a white lie. Negative responses could be delivered in a literal negative or jocular
manner.Each of the four actors assumed a unique fictional identity (Lisa, Anna, Paul, and
Peter) that they portrayed consistently in all of the recorded scenarios. To create different relationship types between the actors, they were paired to construct a mixed sex couple (Paul and
Lisa), female friends (Lisa and Anna), mixed sex colleagues (Anna and Peter), or a male boss/
employee (Paul and Peter, see Fig 1). Each actor thus appeared in half of the recorded vignettes,
although not always with the same person, and they did not appear with certain characters at
all as defined by the four relationship types. In total, 960 video vignettes varying in duration
between 3 and 20 seconds were recorded (48 scenes x 5 intentions x 4 relationships). In addition, an introductory video was recorded (duration = 53 seconds) that identified each character
by face and name, providing explicit details of their social role and relationship with other
characters, to show to participants who were recruited to judge the meaning of the stimuli in
the context of these details.

Fig 1. Character relationships. Structure of the relationship among the four characters who communicated
different intentions in the RISC vignettes.
doi:10.1371/journal.pone.0133902.g001
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Individual scenes always consisted of interactions between two people which ended in a literal (positive or negative), jocular, sarcastic or white lie response; in other words, the speaker’s
intention was to: (1) tell the truth, (2) use jocularity to be humorous, (3) amplify a negative
opinion of the truth by making a critical counterfactual comment, or (4) conceal the truth in a
white lie. Written scripts were first developed by the principal author (KR) for each of the 48
scenes (example scripts can be found in Table 1; example videos are available in the supplementary section).Topics of conversation included expression of opinions (about objects, places,
people) and discussion of common situations (e.g., asking for help). To provide contextual
cues that would allow participants to understand the true intentions of the speaker who uttered
the response (especially for nonliteral meanings), approximately half of the scenes began with
one of the characters talking to an unseen third person on the phone where they revealed their
true state of mind (e.g., “I really didn’t like that restaurant he recommended”) before interacting with the character who posed the question. To ensure that scripts could be acted out in a
manner that seemed natural in conversation, and that they reflected common language usage,
they were thoroughly reviewed by a small pilot group (six native speakers of Canadian English,
departmental colleagues). This process yielded minor modifications in wording and in the
structure of the interactions prior to giving actors the scripts during the recording sessions.

Recording procedures
All videos were recorded in a large sound-attenuated laboratory (McGill Language Acquisition
Lab) using a Sony HDR-PJ580V HD camera. Two different physical scenes were created in the
laboratory space, one depicting an office environment (with two chairs, a desk, desktop computer, and telephone) and one depicting a living room (with small couch and table). Scenes
involving the couple and the female friends always took place in the living room set, whereas
the colleague and the boss/employee scenes were situated in the office set. In addition, three
distinct physical configurations (camera angles) were used depending on the physical scene
(office or living room) and whether context was available; these differences affected the visibility of the two actors across scenes, although these factors were held constant for the different
intentions that were communicated in each setup. The three configurations were: (1) a frontal
view of only the actor delivering the final critical utterance was visible on the screen (n = 21;
two items with context; office and living room scenes); (2) a frontal view of both actors who
were side-by-side (n = 12; all items with context; office and living room scenes); (3) a frontal
view of the actor delivering the final critical utterance and a back (over-the-shoulder) view of
the second actor (n = 15; thirteen items with context; office scenes only). At the onset of
recording, the four actors were given the written scripts and instructed to study them in
advance; they were then encouraged to act out the different intentions as naturally as possible.
Actors were not provided specific cues or instructions on how to enact the different intentions
(e.g., to use specific facial expressions) and they were allowed to make minor changes to the
wording in the script if it felt more natural to them, and to repeat scenes, although they were
not permitted to change the wording of the final critical response.
Each recording session lasted around two hours, with 3–4 sessions required to complete
recordings for each relationship type (recordings were blocked by relationship type as a practical measure to schedule specific actors for the recording sessions). Under the direction of the
first author (KR), all scenes were filmed by a technical assistant with experience as an amateur
filmmaker, who edited the digital recordings for the perception study. After each recording session, videos were backed up on a transportable hard disk and then cut and saved as.mpg files.
Both during and after the recording sessions, videos were carefully monitored to ensure: (a) the
target intention was delivered in a natural way; (b) the complete scene was recorded from
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beginning to end without any disruptions or technical errors; and (c) the wording only
included minor modifications in the verbal context and question part of the scene, and no
modifications in the critical utterance. If one or more of these criteria were not fulfilled, the
scene was repeated either during the recording session or in a subsequent session. At a final
stage, a brief fade-in from black sequence was added to the beginning of each edited vignette to
avoid an abrupt onset of the scene.

Perceptual validation study
Ethics Statement. This study was ethically approved by the McGill Faculty of Medicine
Institutional Review Board in accordance with principles expressed in the Declaration of Helsinki. Informed written consent was obtained for each participant prior to their involvement in
the research.
Participants. Thirty-eight young adults (18 male, 20 female; mean age = 23.21 years,
SD = 3.88) were recruited through the McGill classified ads to judge the video vignettes. All
were native speakers of North-American English and each received CAD $50 compensation at
the end of the experiment. After testing, seven participants (6 male, 1 female) were subsequently excluded because they did not follow instructions on how to respond (n = 3), or it was
discovered after testing that they were not a native English speaker (n = 1) or performed the
task under the influence of narcotics (n = 3). Results are therefore reported for a final sample of
31 participants (12 male, 19 female).
Previous studies suggest that there is a positive relationship between the ability to comprehend sarcasm and lies and, for example, the ability to adopt emotional perspectives and show
empathic concern in real life, as measures by tools such as the Interpersonal Reactivity Index
(IRI [78,79]). As such, participants filled out two questionnaires that provide information on
their social communication skills before rating the videos: the Social Norm Questionnaire [80];
and the IRI [78,79]. The SNQ consists of 20 yes-no questions on social behavior; participants
indicate whether a behavior would be appropriate in the presence of an acquaintance (not a
close friend or family member) based on current social norms. The IRI [78,79] is a measure of
dispositional empathy that conceptualizes empathy as a set of separate but related constructs,
indexed by four seven-item scales (perspective taking, empathic concern, personal distress, fantasy scales). For the SNQ, participants had a mean score of 20.0 out of 22.0 (SD = 1.83; range
15–21), indicating high awareness and knowledge of social rules in most participants. For the
IRI, overall scores ranged from 47.0 to 86.0, with a mean of 66.65 (SD = 8.43). High scores
(maximum: 112.0) indicate high empathy, whereas low score reflect low empathy. When compared to other studies testing larger populations [81], average empathy scores in the current
sample are slightly higher [M = 58.0; see (81) for details], and none of the empathy subscales
showed problematic skew or kurtosis statistics, demonstrating sufficiently normal
distributions.
Procedure. A total of 926 videos were entered into a perceptual experiment controlled by
Windows Movie Maker (920 critical videos and 6 training videos). Stimuli were arranged in 20
blocks presented in a pseudo-randomized order with the condition that no three stimuli of the
same intention and relationship type could appear in sequence. Each block consisted of 46
items, one taken from each of 46 different scenarios (the remaining two scenarios were used
for the training block, see below). Due to the large number of stimuli, the experiment was completed during two testing sessions lasting 2.5 hours each, held on consecutive days, with each
participant judging all of the items.
Participants were tested in a group of 38 individuals, seated in a classroom, with all videos
being projected onto a large screen at the front of the room. Audio was presented free-field at a
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comfortable listening level through ceiling-mounted speakers. After completing the questionnaires (during the first session), participants were given a set of answer sheets with numbered
fields that corresponded to the number of each video that was presented in sequence. They
were told that the study focuses on how people communicate with each other and instructed to
attend carefully to each social exchange and then make a two-part judgment after watching
each video clip. First, participants answered a simple yes/no question to ensure that they paid
attention to the content of the scene (e.g., “Did Lisa like Anna‘s cookies?”; Response alternatives
= Yes, No). A second question asked them to identify the specific intention of the actor who
uttered the final comment in the scene (e.g., “What did Anna intend by the last sentence?”
Response alternatives = Be sincere, Be sarcastic, Joke around, Tell a white lie). Participants were
instructed to select only one response option for each question by ticking the appropriate box.
During the response phase, videos were paused until all participants were ready to proceed to
the next item (approx. 6 seconds). The experiment began with a practice block of six items to
get accustomed to the procedure prior to starting the actual experiment. At the end of the second session, participants filled out a post-experiment questionnaire to gather information
about: (1) their knowledge of different audio-visual cues referring to speaker intentions and if
they paid attention to them during the experiment; (2) their own use of sarcasm, jocularity and
white lies in daily life and what they think their function is; (3) whether they perceived differences between scenarios based on the actors’ gender or the type of relationship; and (4) if they
found anything unusual about the scenes, and if so, to specify this.

Results
Responses to the initial “content” question, which probed whether the 31 participants were
paying attention to what happened in the scene, were very accurate overall (M = 90% correct,
SD = 4.0). Nonetheless, items that yielded an incorrect response on the content question were
excluded from analyses of how speaker intentions were understood to eliminate any responses
that could be the result of guessing or inattention.

Recognition by intention type
Table 2 supplies the raw accuracy data (percent correct target identification) for each of the
four intentions by relationship type, as well as corresponding unbiased recognition (Hu) scores
that individually correct for how many stimulus categories and response possibilities are
allowed in a forced-choice task [see 82].
Inspection of trends in the raw data revealed that overall accuracy for the 31 participants
was high (Mean = 85%, SD = 13), with notable differences in participants’ categorization of
intentions depending on their sex; overall, women achieved higher accuracy scores than men
(female mean: 82%, SD: 11; male mean: 73%, SD: 15). As shown at the top of Table 2, participants tended to detect literal meanings better than nonliteral meanings, while differences
between literal positive and literal negative tokens appeared to be minimal. Sarcastic scenes
were associated with the lowest accuracy overall when compared to other intentions. Moreover,
the data imply that the type of relationship had the greatest influence on how well sarcastic
intentions were recognized, with higher accuracy when the social interaction involved friends.
Statistical analyses were performed solely on the unbiased accuracy scores (Hu scores) summarized in Table 2 as well as Fig 2; note that calculation of Hu scores involved collapsing across
literal positive and literal negative items, since the validation experiment required participants
to decide between four different intentions (literal, jocularity, sarcasm, white lies), while correcting for the imbalance of tokens representing each intended response category in the perceptual experiment (i.e., literal = 368 items, jocularity, sarcasm, white lies = 184 items per
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Table 2. Proportion of correct responses (raw hit rates) and corresponding Hu scores (corrected for individual response bias) for stimuli encoding
each intention, according to participant sex and the relationship type depicted in each video. Standard deviations are shown in parentheses.
Intention

Female Participants
Relationship
Couple

Boss

Male Participants
Relationship
Couple

Friends

Colleagues

Friends

Colleagues

Boss

Literal Positive

0.90 (0.02)

0.93 (0.03)

0.95 (0.04)

0.91 (0.07)

0.82 (0.08)

0.86 (0.10)

0.89 (0.06)

0.85 (0.08)

Literal Negative

0.92 (0.06)

Literal Total

0.91 (0.04)

0.95 (0.05)

0.95 (0.04)

0.94 (0.06)

0.91 (0.03)

0.93 (0.05)

0.93 (0.05)

0.91 (0.07)

0.94 (0.03)

0.95 (0.03)

0.93 (0.06)

0.87 (0.06)

0.89 (0.08)

0.91 (0.05)

Sarcasm

0.88 (0.07)

0.82 (0.10)

0.86 (0.08)

0.81 (0.11)

0.79 (0.12)

0.70 (0.09)

0.71 (0.11)

0.70 (0.12)

0.66 (0.14)

Jocularity

0.89 (0.07)

0.89 (0.07)

0.82 (0.11)

0.87 (0.07)

0.74 (0.16)

0.74 (0.14)

0.75 (0.14)

0.78 (0.12)

White lie

0.82 (0.06)

0.86 (0.06)

0.84 (0.07)

0.85 (0.07)

0.74 (0.09)

0.76 (0.11)

0.75 (0.13)

0.77 (0.12)

Literal Total

0.91 (0.04)

0.93 (0.03)

0.92 (0.04)

0.91 (0.05)

0.87 (0.04)

0.88 (0.05)

0.88 (0.04)

0.87 (0.04)

Sarcasm

0.71 (0.09)

0.79 (0.1)

0.69 (0.13)

0.71 (0.14)

0.58 (0.08)

0.65 (0.16)

0.61 (0.16)

0.57 (0.16)

Jocularity

84.8 (12.2)

84.2 (13.2)

82.2 (13.8)

83.6 (14.0)

0.81 (0.09)

0.82 (0.13)

0.81 (0.10)

0.85 (0.08)

White lie

0.71 (0.10)

0.80 (0.07)

0.75 (0.10)

0.73 (0.10)

0.59 (0.10)

0.67 (0.11)

0.63 (0.11)

0.61 (0.11)

Raw scores

Hu Scores

doi:10.1371/journal.pone.0133902.t002

category). The unbiased recognition scores were submitted to a 4 x 4 x 2 ANOVA with
repeated factors of INTENTION (literal, sarcasm, jocularity, white lie), RELATIONSHIP (couple, friends, colleagues, boss/employee) and CONTEXT (verbal context, no verbal context).
The ANOVA revealed main effects of INTENTION (F(3,28) = 84.15,p < .001), RELATIONSHIP (F(3,28) = 16.90,p < .001), and CONTEXT (F(1,30) = 95.53,p < .001). Pairwise comparisons to explore the INTENTION main effect confirmed that participants were significantly

Fig 2. Accuracy in Hu scores. Hu scores for scenes with and without verbal context, displayed by intention type and relationship.
doi:10.1371/journal.pone.0133902.g002
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better overall in recognizing literal (M = 0.90) versus nonliteral utterances (sarcasm: M = 0.68;
white lies: M = 0.70); jocularity (M = 0.86) was also recognized significantly better than sarcasm and white lies. In addition, speaker intentions were recognized significantly better overall
when social partners were friends (M = 0.82) compared to all other relationship types (which
did not differ; couple: M = 0.77; colleagues: M = 0.77; boss: M = 0.78), and scenes with verbal
context promoted more accurate recognition of intentions (M = 0.82) when compared to
scenes without context (M = 0.75).
The ANOVA also produced interactions of INTENTION x CONTEXT (F(3,28) = 20.89,p
< .001), INTENTION x RELATIONSHIP (F(9,22) = 6.45,p < .001), and a three-way effect of
INTENTION, RELATIONSHIP and CONTEXT (F(9,22) = 5.16, p < .001). The interaction
revealed that while the impact of relationship type on intention recognition showed a general
advantage for friends, this differed according to what specific intentions were being communicated. Pairwise comparisons showed that three intention types were recognized best when
communicated by friends: literal meanings were detected more accurately for friends than for
the couple or boss/employee; sarcastic meanings were identified best for friends than all other
relationship types; and white lies were recognized best between friends than between colleagues
or the boss/employee. In contrast, the response pattern to jocular utterances revealed a significant advantage for colleagues when compared to boss/employee interactions (see Fig 2). In
terms of the facilitative effects of verbal context, note that scenes with verbal context were recognized better than those without context across relationship types only when processing literal meanings and white lies; although always in the same direction (context > no context),
these patterns were more selective for sarcasm (only couple and colleague interactions) and
jocularity (only colleague, boss/employee interactions).
As data in Table 2 implied that categorization of intentions differed by sex, an ANOVA
with the factors INTENTION, RELATIONSHIP and participant SEX was subsequently performed. This analysis produced a significant main effect of SEX (F(1,29) = 11.16, p < .01), confirming superior recognition of speaker intentions overall by female when compared to male
participants. However, the interaction of INTENTION x SEX (F(3,27) = 5.57, p < .01) revealed
that the female advantage in intention recognition was only significant for sarcasm and white
lies (see Fig 3).

Fig 3. The effect of sex. Hu scores for female and male participants by intention and relationship.
doi:10.1371/journal.pone.0133902.g003
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Relationship between intention recognition and social sensitivity/
empathy
To examine whether individual differences influenced the ability to recognize speaker intentions in the validation task, we performed two-tailed Pearson correlations on the Hu-Scores
between the four different intentions (literal, sarcasm, jocularity, white lies), the overall score
all intentions combined, and the total scores of the Social Norm Questionnaire and Interpersonal Reactivity Index (including all subtests). No significant correlations were observed for
these data.

Qualitative data on intention recognition
After the validation was finished, subjects answered several questions about the videos using a
post-experiment questionnaire, to gather subjective data on how they believed they judged
speaker intentions during the experiment. A summary of responses to the question “Which
cues did the protagonists use to signal their intentions (i.e. tone of voice, facial expressions
etc.)?” can be found in Table 3.

Table 3. Responses on the post-experiment questionnaire to the question, “Which cues did the protagonists use to signal their intentions (i.e.
tone of voice, facial expressions etc.)”. Comments are arranged by frequency of reported occurrence for each type of cue.
Intention

Vocal Cue

Type of Cue Reported
Facial Cue

Sarcasm

Some change in tone of voice (e.g., “negative”,
“passive-aggressive”, “arrogant”) (17)

1 Comments on facial expression; e.g. rude, annoyed,
exaggerated (14)

Hand gesture
(2)

Loud/deep voice (5)

Eye rolling (8)

Shaking head
(1)

Exaggerated intonation (5)

Vocal cues (such as tone or word choice) did not match with
facial cues (such as expression) (3)

Emphasis on particular words (4)

Scrunched, disgusted face (3)

Monotone, emotionless voice (2)

Glares/grimaces (3)

Slower speech rate (2)

Eye brows raised (2)

Slight upward inﬂection (1)

Maintained eye contact (1)

Body
Language

Wide eye (1)
Jocularity

Laughing/giggling (20)

Smiling (5)

Nudging (2)

Fake accent (4)

General facial expression (4)

Hand gestures
(2)

Tone of voice (8): using words like silly, dramatic (3)

Changing expression from serious to soft (2)

Exaggerated intonation (3)
Slowing words (1)
Pausing after statement (1)
White
Lies

Hesitation, pauses, delay in response (10)

Avoiding eye contact, gaze away (14)

Stiff body (1)

Voice tone (9): used words such as artiﬁcial, upbeat (5)

Smiling (8)

Timid/sheepish
(1)

Monotone voice (2)

Fake smiles (5)

Increased pitch (2)

General facial expression (4)

Softer, slower voice (2)

Surprised face (1)

Emphasizing certain words (1)
doi:10.1371/journal.pone.0133902.t003
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Table 4. Average Hu accuracy scores (with standard deviation) for stimuli included in the refined RISC database, by intention and relationship
type.
Intention

Number of Items

Relationship Type
Couple

Friends

Colleagues

Boss

Literal (120 Positive + 120 Negative)

240

0.91 (0.06)

0.92 (0.06)

0.92 (0.06)

0.90 (0.06)

Sarcasm

120

0.66 (0.14)

0.73 (0.17)

0.68 (0.17)

0.67 (0.18)

Jocularity

120

0.91 (0.09)

0.90 (0.12)

0.88 (0.10)

0.89 (0.08)

White lie

120

0.68 (0.14)

0.73 (0.13)

0.70 (0.13)

0.69 (0.14)

doi:10.1371/journal.pone.0133902.t004

Defining the RISC database: selection of a controlled subset for future
studies
Based on perceptual data from the validation study, we identified a subset of tokens (30 unique
scenes, 15 with context, controlled for actor visibility) that received high accuracy ratings that
should be ideally used for testing or assessment purposes. Each of these scenes was associated
with a minimum 75% mean accuracy level of the target intention across relationship types,
yielding a database of 600 tokens in total (30 scenes x 5 intentions x 4 relationship types). Features of the refined RISC database are shown in Table 4 and these stimuli are freely available
for download via the following webpage: https://mcgill.ca/pell_lab/neuropragmatics-andemotion-lab-pell-lab.

Discussion
The ability to accurately process social information is crucial to predict other peoples’ behavior
and to act accordingly; it also plays a central role in human development, enabling us to adjust
to an increasingly complex social environment as we mature to adulthood [1,83,84]. According
to socio-pragmatic views of communication, processing the literal meaning of an utterance is
often insufficient to understand what is really meant by the utterance [17], as the interpretation
of conversational remarks can depend highly on nonverbal cues[8,43,85] and key features of
the social environment [5]. Thus, research that seeks to advance ideas about nonliteral language processing, such as jocularity, sarcasm and white lies, requires enriched materials that
mark these intentions by incorporating important extra-linguistic cues such as speech prosody
and body language as well as social context (e.g., knowledge of different relationship types). As
an outcome of developing the RISC database, it is hoped that researchers can examine how
speaker intentions are understood by different participant or clinical groups, and how different
input channels are used when making social inferences. As well, these stimuli can facilitate theoretically motivated psychological and neuroscientific investigations of the processes underlying the perception of sincerity, jocularity, sarcasm, and white lies. In what follows, we discuss
key features of our stimuli in light of our perceptual data and the broader literature.

Recognizing literal versus nonliteral speaker meanings
The results of our validation study show that most participants had no trouble responding to
the initial “content” question, which probed whether they were paying attention to what happened in the scene (M = 90%). In response to the categorization question, participants also did
quite well in recognizing and categorizing the different speaker intentions (mean accuracy
above 80%), although significant differences between literal and nonliteral items emerged.
Overall, our data show that participants were more accurate to identify literal and jocular statements when compared to white lies and sarcastic utterances [76,86]. The higher accuracy
scores for literal scenes might be due in part to their unmarkedness–being sincere can be seen
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as the default intention [80], fulfilling basic Gricean conversation maxims. In his model of conversation [87], communication is described as a contract between cooperating equals who set
out to transmit information in the most honest, clear and efficient manner possible. Thus,
detecting sarcasm and white lies requires sensitivity to a violation of the conversational
“maxim of quality” [which assumes that all speekers are being truthful; 87]. Additionally, the
better performance for literal utterances is in line with previous findings of an ostensible “truth
bias” in communication [55,88–90]. This bias has shown to be influenced by the relationship
between communication partners, with closer relationships leading to a stronger truth bias
[91]. As DePaulo and Kashy [47] pointed out, close relationships usually incorporate ideals
such as openness and authenticity, therefore leading to high expectations about sincerity and
truthfulness. Similarly, McCornack and Parks [92] suggested that a truth bias is an integral
part of maintaining intimacy in close relationships. The relationship types used in the RISC
database tend to have a stronger predisposition towards closeness, with the boss/employee relationship as an exception due to the implied authority/power difference. It is therefore not surprising that recognition is improved for literal (sincere) interpretations of speaker intentions;
moreover, our data imply that relationship status had an effect on identifying literal statements
in the current validation study, leading to higher accuracy scores for closer relationships, especially friends (see Table 2 as well as Fig 2).
When comparing how nonliteral meanings are recognized, participants performed better at
recognizing jocularity when compared with sarcasm and white lies. This result is not surprising, since white lie scenes are expected to be harder to identify [88,93]. In comparison to jocularity and sarcasm, individuals making white lies usually want to hide their true intentions and
the cues that reveal this intention may therefore be very subtle [7]. However, participants were
also less accurate at identifying sarcasm when compared to jocularity. This result is likely
explained by the type of cues used by actors to signal these intentions, particularly for jocularity; in most of the jocularity scenes, actors spontaneously laughed, often at the end of the critical utterance, as an obvious ‘play cue’ to indicate that they were clearly “joking around” [see
94]. It has also been suggested that some individuals are more sensitive to ironic intent than
others, perhaps by virtue of being frequently ironic themselves [95]; as a consequence, these
individuals may detect jocularity in situations where other listeners might not. Although we
found no obvious relationship between measures of inter-personal sensitivity and the ability to
categorize speaker intentions, our study is based on an insufficient sample of participants to
evaluate these effects thoroughly. Future studies that employ our stimuli should therefore look
deeper at how individual factors influence how speaker meanings are understood. Of particular
interest, previous studies have shown that the perception of sarcasm depends on whether participants are asked to judge speaker intent (i.e., the underlying motivation of the speaker) versus
social impressions of the statement on[the impression that a statement creates for the addressee,
(33)]. Asking participants about feelings, emotions or impressions is likely to engage Theory of
Mind processes (such as perspective taking and empathy) to a greater extent, and might therefore lead to a stronger influence of individual differences on the perception of speaker
intentions.

The role of verbal context
In order to comprehend nonliteral language, additional complexity seems to arise by the
amount and kind of contextual information that is required to correctly recognize it. This
relates particularly the consideration of pragmatic cues, such as prosody, facial expressions,
and gestures. However, the verbal context of an utterance, such as previous conversations, is
also an important source of information. In the current study, we decided to consider verbal
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context as a facilitator in the recognition of speaker intentions. As expected, the validation data
shows that literal, jocular and especially white-lie statements are easier to identify when participants are given verbal context about the true feelings and opinions of the speaker. It seems that
the verbal context creates expectancies about the following statement, which are used by participants to determine speaker beliefs, a finding that has been shown in earlier studies [96].
Research has also shown that irony, for example, is perceived as such partly as a result of incongruity between the verbal context and the actual statement [28,33]. Additionally, it has been
suggested that the greater the incongruence between what the listener expects to hear and what
they actually hear, the greater their likelihood to perceive a statement as sarcastic [95].
Interestingly, when looking at the effect of verbal context in the present study, it can be seen
that sarcastic comments do not profit to the same degree from having more information about
the speaker intention, i.e. having heard about their true opinions and feelings. This is surprising, as previous research has shown that verbal context plays an important role in sarcasm perception [13,61,97,98]. One theory of sarcasm perception, the allusional pretense theory [99],
emphasizes the importance of verbal context and expectations in sarcasm perception. According to this theory, the necessary conditions to elicit sarcasm are allusions to failed expectations
and pragmatic insincerity [99]. These are conditions that, according to the theory, must be
present within the greater contextual information provided in order to achieve the desired
understanding of the sarcastic utterance. While it is not immediately clear why participants
here did not benefit from verbal context in the sarcastic condition, future studies employing
these stimuli could shed light on this issue by comparing the same scenarios with and without
verbal context, by cutting off the first part of the conversation in scenarios with context. It
would also be interesting to manipulate expectancies for interpreting sarcastic statements by
cross-splicing verbal contexts from different scenes. Another important aspect in this respect
might be the amount of nonverbal cues available to participants, as displayed by both conversation partners. In scenes with verbal context, the questioner is often not visible, while in scenes
without verbal context both actors are typically present. This might have consequences for the
identification of sarcastic utterances, since participants seem to rely strongly on nonverbal cues
for interpreting sarcasm (review Table 3). It would appear that sarcastic scenes may be richer
in terms of visual and auditory nonverbal information, and that these interpretations are
guided to a relatively larger extent by nonverbal as opposed to verbal context.

The role of social relationships and sex
A key factor that we manipulated in RISC was the type of relationship that exists between communication partners. According to the literature, the status of a relationship has a major influence on how we perceive literal and nonliteral utterances [34]. Some forms of nonliteral speech
are affiliative, whereas others are sources of estrangement between individuals [16,100]. The
psycholinguistic literature has traditionally studied irony as cases where speakers utter sarcastic
comments with negative, critical intent, but many instances of ironic language actual enable
speakers to bond together through their disparagement of another person [101]. Here we
manipulated the bond between communication partners, ranging from more distant (boss/
employee) to closer relationships (couple). The results of the validation study revealed a significant effect of relationship type on the decoding of speaker intentions, although these effects
were smaller than anticipated and mostly limited to the friend relationship where accuracy
tended to be higher. This effect should be viewed with some caution, as this could be partly due
to the acting ability of the two friends in our database who might have been better at communicating literal statements, sarcasm, and white lies. Nonetheless, this result fits with the literature
suggesting that a solidary relationship between speaker and addressee facilitates the meta-
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representational inferences needed to understand certain forms of nonliteral speech [29]. The
post-questionnaire data also supply insights into the role of relationship type; anecdotally,
around one third of participants reported that they were influenced by relationship type when
interpreting the scenes. For example, one participant commented that, “The couple was quicker
to instigate sarcasm while the co-workers were more delicate in their social interactions”, and
another said, “When Paul was telling a white lie to Lisa, he was nicer/less obvious about it than
with the others”. These comments appear to further validate the idea that relationship type has
an effect on how speaker intentions are perceived and interpreted.
An important factor for detecting effects of relationship type seems to be the task [29]. In
the current study participants had to categorize the videos into different speaker intentions,
and it seems that the pure decoding of verbal and non-verbal cues is not influenced extensively
by social context (e.g. business versus romantic relationship). However, considering the literature on nonliteral speech acts, it seems that evaluation of the social appropriateness of the videos would be influenced to a much larger degree by relationship type. For example, Jorgensen
[34] found that appropriateness ratings for the use of sarcasm differ significantly depending on
the degree of social distance or intimacy in the relationship. Pexman & Zvaigzne [29] found
that statements made to solidary addressees were perceived to be funnier, more teasing, and
less status changing than statements made to non-solidary addressees. Another possible reason
as to why we did not find larger differences for the different relationships is that, even though
subjects were informed about the intended nature of the relationship, they often reported that
“all actors (characters) seem like they are friends”. The fact that the boss/employee and colleagues engaged in frequent sarcastic/jocular interactions could have produced the impression
that they were friends, rather than having a (distant) professional relationship, an unexpected
outcome of participants becoming familiar with the videos in our inventory. Alternatively, this
impression could represent a limitation of our dataset in that relationships constructed to be
distant may not have been consistently perceived as such. Future studies should bear these
issues in mind as they explore the impact of relationship type on inter-personal communication in the context of our stimuli.
The validation study also revealed differences in accuracy when comparing male and
female participants, both in response accuracy as well as in the post-questionnaire. In response
the role of sex in portraying the intentions, about a third of the participants reported differences, such as “Men were more subtle, women used more gestures” or “The women were generally more emotive. Sex differences in the perception of non-verbal cues are frequently
reported in the literature, with superior performance for females over males [102–104].
According to Hall and Mast [105], women are more interpersonally sensitive than men, both
as a general trait and as a more specific skill in terms of judging the meanings of nonverbal
cues [106,107]; this could have facilitated the ability of female participants to detect speaker
intentions for our stimuli. Interestingly, other research suggests that men are more likely to
perceive sarcasm as an affirmative experience, whereas women tend to perceive it as offensive
and bothersome [34,108]. Indeed, both male and female participants agree that sarcasm is
the purview of males [72,109], suggesting that there are socially shared appraisals and stereotypes of what is and is not appropriate in conversation [105]. Furthermore, males are more
likely to tease and insult [108,110], whereas women are more likely to avoid such facethreatening situations [111]. In terms of lying behaviour, it seems that men tell more selforiented lies than women [45] and perhaps lie in different ways for different reasons [112].
Although our current analyses may not have been sensitive to many of these sex-related patterns that shape inter-personal interactions, these issues may well inform future studies that
employ these materials.
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Effects of different nonverbal cues
It is clear that recognition of many speaker intentions depends strongly on accurate detection
and integration of relatively subtle cues that occur in both the auditory and visual modalities,
as the social and verbal context unfolds. As the usage of nonverbal cues was not scripted, coached or controlled in any way within the RISC database, it was possible to observe a number of
spontaneous indicators corresponding to different intentions that may be of interest to future
researchers. Interestingly, the results of a post-study questionnaire administered to our participants indicated that they subjectively felt that they relied on a number of specific facial, vocal,
and bodily cues in order to arrive at an interpretation of speaker intention, many of which
overlap with those previously mentioned in the literature ([8,85] see also review Table 3).
Of particular note, participants were aware that jocular utterances are usually accompanied
by laughter, a common communicative strategy to assure that the negative content of the message is not taken literally [9]. Anecdotally, we found that jocularity was the hardest intention for
actors to perform during the recording sessions, perhaps because jocular statements do not
always fit coherently with the discourse context and are therefore sometimes unexpected or paradoxical [25,28]. Jocular utterances also seem to involve highly exaggerated intonation, in line
with previous data on the acoustic correlates of irony [113,114]. In addition to these markers,
some actors spontaneously adopted fake (i.e., non-native) accents, such as British English, to
express jocularity, a potentially important cue that is rarely mentioned in the irony literature.
Palmer [115] argued that paralinguistic features of humor include, "a light-hearted tone of voice
(perhaps accompanied by a smile); a tone which is obviously inappropriate to what is being said
or the circumstances. . .a fake accent. . .(and) the commonest of all. . .laughter". Although we
did not undertake acoustic analysis of our stimuli in this study, it would appear that fake accents
should be included in the repertoire of vocal cues that speakers can use to mark a teasing or
mocking attitude [116], pending further research on this topic. Similarly, participants reported
that they used auditory cues to recognize sarcastic intention (e.g., “a slight upward inflection”,
“a passive-aggressive, arrogant tone“), in line with studies reporting a variety of acoustic modifications in the context of sarcastic speech [43,44,117,118]. As argued by Bryant [9], it is likely
that vocal cues play an important role in the communication of nonliteral meanings, including
various sub-types of irony (sarcasm, jocularity); however, there may not be specific acoustic targets that represent these meanings, but rather a set of contrastive cues that direct listeners to
seek an alternative interpretation of the spoken utterance [8,44,118–120].
Another remarkable observation includes the apparent use of facial expressions, prosodic
cues, and body language in white lie interactions, such as hesitations, stuttering, gaze avoidance, fake smiles and hanging shoulders (see Table 3). When people tell lies, they try to conceal
their true intentions, resulting in rather subtle nonverbal cues that signal the lie [102]. This
means that participants often perform only slightly better than chance when making judgments about truth or lies [88], although here, participants recognized lie interactions at a much
higher accuracy level, possibly due to the available of multimodal cues to infer these meanings.
In light of these details, it seems likely that the combination of visual and auditory cues in our
videos aided participants in differentiating white lies from sincere and sarcastic interactions, as
would the availability of discourse context which is often not present in many studies of lie
detection. These ideas reflect further avenues for employing our stimuli in a more focused and
systematic manner.

Limitations, applications, and conclusions
The RISC database faces several limitations. Notably, one of the outcomes of controlling the
lexical content across intentions within each scenario is that not all scenarios fit with all
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intentions in terms of perceived social norms of behaviour, as pointed out by several participants in the post-questionnaire (especially for certain nonliteral utterances). Some participants
commented that sarcasm wasn't appropriate, or a white lie wouldn’t have been necessary, in
certain scenarios, rendering the final remark highly unexpected. Along these lines, Kreuz &
Glucksberg [28] emphasized that positive statements of irony (e.g. “You’re a fine friend”) can
be easily used in most situations, whereas corresponding negative statements (e.g. “You’re a
terrible friend”) are much more restricted and unexpected. Thus, it should be acknowledged
that expectancies, in terms of the communicator, relationship, and social context, are likely to
influence perception and interpretation of intentions for certain items in our database, a variable that should be subjected to further scrutiny. Another limitation is that some scenarios
were set up in the way that the visual reaction of the questioner is not visible as the interaction
unfolds (these scenes were shot with the questioner’s back to the camera or outside of the
scene). For example, when Anna asks Peter if he noticed that she has been working out, and he
answers “No, not really”, she expresses her frustration with his comment by reacting with a
short disgruntled vocalization that is audible, although her face is not visible. While the reaction to critical utterances was not scripted or predetermined in any form, their visibility (or
lack thereof) is likely to furnish additional cues to identify intentions displayed by the
responder, although this was not tightly controlled across our items.
Another possible concern is that our main experiment was carried out in one large group of
38 participants; given the social nature of the study and materials, it cannot be discounted that
there was an impact of participating in a large group, rather than in individual testing sessions,
on our measures. For example, in a group situation, people are more likely to give an answer
that they think is socially expected, rather than one that reflects their genuine opinion. However, since our participants completed answer sheets independently, without any contact with
those around them, it seems unlikely that responses gathered for our stimuli were strongly
influenced by social expectancies associated with the current testing environment, although
this factor should be monitored further.
In terms of potential applications, we note increasing interest in past years in how speaker
intentions are understood by individuals with psychiatric disorders (autism, schizophrenia),
neurodegenerative disease (Alzheimer’s or Parkinson’s disease, fronto-temporal dementia),
and traumatic brain injury [7,77,121–124]. Evaluating social cognition in these groups will
require ecologically valid stimuli that resemble everyday events, as captured by RISC, where an
understanding of sarcasm, jocularity, and white lies can be assessed in relation to deficits in
other cognitive areas such as information processing speed, working memory, learning, and
executive reasoning. Moreover, for researchers interested in how processing speaker intentions
relate to underlying brain responses using electrophysiology (e.g., EEG/ERPs) or neuroimaging, the current database offers (a) a sufficient amount of trials needed for experiments using
these approaches, and (b) the possibility to directly compare the same content with varying
auditory and visual cues to literal and nonliteral conversations.

Supporting Information
S1 File. Example videos from the subset (40 videos, scenes 19 and 33) as well as the introduction video.
(ZIP)
S1 Table. Detailed data for each video in the subset.
(XLSX)

PLOS ONE | DOI:10.1371/journal.pone.0133902 July 30, 2015

19 / 24

RISC Inventory for Testing Social Perception

Acknowledgments
We thank Patrick Van Wagenen and Johanna Graumann for their kind help with recording
and analyzing the videos. We would also like to thank the actors that participated in the current
study. A special thank you goes to Mary Giffen who helped with data collection and proofread
parts of the manuscript, as well as Moritz Dannhauer and Joanna Liu for helpful comments on
an earlier draft. We would also like to thank Roger Kreuz and an anonymous reviewer for their
helpful comments and suggestions. This research was funded by a fellowship from the Fonds
de la recherche en santé du Québec (to KR) and a Discovery grant from the Natural Sciences
and Engineering Research Council of Canada (to MDP).

Author Contributions
Conceived and designed the experiments: KR MDP. Performed the experiments: KR. Analyzed
the data: KR. Contributed reagents/materials/analysis tools: KR. Wrote the paper: KR MDP.

References
1.

Adolphs R. Conceptual Challenges and Directions for Social Neuroscience. Neuron. 2010. pp.
752–767. doi: 10.1016/j.neuron.2010.03.006 PMID: 20346753

2.

Baron-Cohen S, Tager-Flusberg H, Lombardo M V. Understanding other minds: perspectives from
developmental cognitive neuroscience. Oxford: Oxford University Press; 2013.

3.

Hagoort P, van Berkum J. Beyond the sentence given. Philos Trans R Soc Lond B Biol Sci. 2007;
362:801–11. doi: 10.1098/rstb.2007.2089 PMID: 17412680

4.

Holtgraves T. Language Structure in Social Interaction: Perceptions of Direct and Indirect Speech
Acts and Interactants Who Use Them. 1986; 51:305–314.

5.

Holtgraves TM, Kashima Y. Language, meaning, and social cognition. Pers Soc Psychol Rev. 2008;
12:73–94. doi: 10.1177/1088868307309605 PMID: 18453473

6.

Sperber D, Wilson D. Relevance: communication and cognition. Oxford: Blackwell; 1986.

7.

Shany-Ur T, Poorzand P, Grossman SN, Growdon ME, Jang JY, Ketelle RS, et al. Comprehension of
insincere communication in neurodegenerative disease: lies, sarcasm, and theory of mind. Cortex.
2012; 48:1329–41. doi: 10.1016/j.cortex.2011.08.003 PMID: 21978867

8.

Attardo S, Eisterhold J, Hay J, Poggi I. Multimodal markers of irony and sarcasm. Humor—Int J
Humor Res. 2003; 16:243–260. doi: 10.1515/humr.2003.012

9.

Bryant GA. Is Verbal Irony Special? 2012; 11:673–685.

10.

Ackerman BP. Interpret Sarcastic Utterances Contextual Integration and Utterance Interpretation:
The Ability of Children and Adults to Interpret Sarcastic Utterances. 2014; 53:1075–1083.

11.

Ibañez A, Manes F. Contextual social cognition and the behavioral variant of frontotemporal dementia.
Neurology. 2012; 78:1354–62. doi: 10.1212/WNL.0b013e3182518375 PMID: 22529204

12.

Ivanko SL, Pexman PM. Context Incongruity and Irony Processing. 2010;37–41.

13.

Woodland J, Voyer D. Context and Intonation in the Perception of Sarcasm. Metaphor Symb. 2011;
26:227–239. doi: 10.1080/10926488.2011.583197

14.

Brown P, Levinson SC. Universals in language usage: Politeness phenomena. Cambridge University
Press; 1978;56–311.

15.

Lakoff R, Language S, Apr N. Language and Woman’s Place. Lang Soc. 1973; 2:45–80.

16.

Seckman M a., Couch CJ. JOCULARITY, SARCASM, AND RELATIONSHIPS: An Empirical Study. J
Contemp Ethnogr. 1989; 18:327–344.

17.

Slugoski BR, Turnbull W. Cruel to be Kind and Kind to be Cruel: Sarcasm, Banter and Social Relations. J Lang Soc Psychol. 1988; 7:101–121. doi: 10.1177/0261927X8800700202

18.

Martin I, McDonald S. Exploring the causes of pragmatic language deficits following traumatic brain
injury. Aphasiology. 2005;

19.

Monetta L, Grindrod CM, Pell MD. Irony comprehension and theory of mind deficits in patients with
Parkinson’s disease. Cortex. Elsevier Srl; 2009; 45:972–81. doi: 10.1016/j.cortex.2009.02.021

20.

Winner E, Brownell H, Happé F, Blum A, Pincus D. Distinguishing lies from jokes: theory of mind deficits and discourse interpretation in right hemisphere brain-damaged patients. Brain Lang. 1998;
62:89–106. doi: 10.1006/brln.1997.1889 PMID: 9570881

PLOS ONE | DOI:10.1371/journal.pone.0133902 July 30, 2015

20 / 24

RISC Inventory for Testing Social Perception

21.

Ozonoff S, Pennington BF, Rogers SJ. Executive function deficits in high-functioning autistic. J Child
Psychol Psychiatry. 1991; 32:1081–1105. PMID: 1787138

22.

Bowler DM. “Theory of Mind” in Asperger’s Syndrome Dermot M. Bowler. J Child Psychol Psychiatry.
1992; 33:877–893.PMID: 1378848

23.

Happé FGE. An advanced test of theory of mind: Understanding of story characters’ thoughts and
feelings by able autistic, mentally handicapped, and normal children and adults. J Autism Dev Disord.
1994; 24:129–154.PMID: 8040158

24.

Jolliffe T, Baron-Cohen S. The Strange Stories Test: A Replication with High-Functioning Adults with
Autism or Asperger Syndrome. J Autism Dev Disord. Kluwer Academic Publishers-Plenum Publishers; 1999; 29:395–406. doi: 10.1023/A:1023082928366

25.

McDonald S, Flanagan S, Rollins J, Kinch J. TASIT: A new clinical tool for assessing social perception
after traumatic brain injury. J Head Trauma Rehabil. 2003;

26.

Winner E. The point of words: children’s understanding of metaphor and irony. Cambridge: Harvard
University Press; 1988.

27.

Gibbs RW. Irony in Talk Among Friends. Metaphor Symb. 2000; 15:5–27. doi: 10.1080/10926488.
2000.9678862

28.

Kreuz RJ, Glucksberg S. How to be sarcastic: The echoic reminder theory of verbal irony. J Exp Psychol Gen. 1989; 118:374–386.

29.

Pexman PM, Zvaigzne MT. Does Irony Go Better With Friends? 2004;37–41.

30.

Baxter LA. Forms and Functions. Hum Commun Res. 1992; 18:336–363.

31.

Smoski M, Bachorowski J-A. Antiphonal laughter between friends and strangers. Cogn Emot. 2003;
17:327–340. doi: 10.1080/02699930302296

32.

Gibbs RW. On the psycholinguistics of sarcasm. J Exp Psychol Gen. 1986; 115:3–15.

33.

Pexman PM, Olineck KM. Does Sarcasm Always Sting? Investigating the Impact of Ironic Insults and
Ironic Compliments. 2010;37–41.

34.

Jorgensen J. The functions of sarcastic irony in speech. J Pragmat. 1996; 26:613–634. doi: 10.1016/
0378-2166(95)00067-4

35.

Dews S, Kaplan J, Winner E. Why not say it directly? The social functions of irony. Discourse Process.
1995; 19:347–367. doi: 10.1080/01638539509544922

36.

Caucci GM, Kreuz RJ. Social and paralinguistic cues to sarcasm. 2012;1–22. doi: 10.1515/humor2012-0001

37.

McDonald S. Exploring the process of inference generation in sarcasm: a review of normal and clinical
studies. Brain Lang. 1999; 68:486–506. doi: 10.1006/brln.1999.2124 PMID: 10441190

38.

Williams JA, Burns EL, Harmon EA. Insincere utterances and gaze: eye contact during sarcastic
statements. Percept Mot Skills. Ammons Scientific, Ltd. P.O. Box 9229, Missoula, MT 59807–9229
USA; 2009; 108:565–72. doi: 10.2466/PMS.108.2.565-572

39.

Cutler A. On Saying What You Mean Without Meaning What You Say. In: LaGaly MW, Fox RA, Bruck
A, editors. Papers From Tenth Regional Meeting, Chicago Linguistic Society. Chicago: Chicago Linguistic Society; 1974. pp. 117–127.

40.

Haiman J. Talk is cheap: sarcasm, alienation, and the evolution of language. Oxford: Oxford University Press; 1998.

41.

Shapley M. Prosodic Variation and Audience Response. IPrA Pap Pragmat 1. 1987; 2:66–79.

42.

Milosky LM, Wrobleski CA. The prosody of irony. Ithaca, NY; 1994.

43.

Cheang HS, Pell MD. The sound of sarcasm. Speech Commun. 2008; 50:366–381. doi: 10.1016/j.
specom.2007.11.003

44.

Cheang HS, Pell MD. Acoustic markers of sarcasm in Cantonese and English. J Acoust Soc Am.
2009; 126:1394–405. doi: 10.1121/1.3177275 PMID: 19739753

45.

DePaulo BM, Kashy DA, Kirkendol SE, Wyer MM, Epstein JA, Chupkovitch T, et al. Lying in Everyday
Life. 1996; 70:979–995.

46.

Camden C, Motley MT, Wilson A. White lies in interpersonal communication: A taxonomy and preliminary investigation of social motivations. West J Speech Commun. 2009; 48:309–325. doi: 10.1080/
10570318409374167

47.

DePaulo BM, Kashy D a. Everyday lies in close and casual relationships. J Pers Soc Psychol. 1998;
74:63–79. PMID: 9457776

48.

Levine EE, Schweitzer ME. Are liars ethical? On the tension between benevolence and honesty. J
Exp Soc Psychol. Elsevier B.V.; 2014; 53:107–117.

PLOS ONE | DOI:10.1371/journal.pone.0133902 July 30, 2015

21 / 24

RISC Inventory for Testing Social Perception

49.

Argo JJ, Shiv B. Are White Lies as Innocuous as We Think? J Consum Res. 2012; 38:1093–1102.
doi: 10.1086/661640

50.

Brown R, Gilman A. Politeness theory and Shakespeare ‘ s four major tragedies. Lang Soc. 1989;
18:159–212.

51.

Goffman E. Interaction ritual; essays on face-to-face behavior. Garden City, NY: Doubleday; 1967.

52.

Turner RE, Edgley C, Olmstead G. Information control in conversations: Honesty is not always the
best policy. Soc Thought Res. Department of Sociology, University of Kansas; 1975; doi: 10.17161/
STR.1808.6098

53.

Buller DB, Aune RK. Nonverbal cues to deception among intimates, friends, and strangers. J Nonverbal Behav. 1987; 11:269–290. doi: 10.1007/BF00987257

54.

Villar G, Arciuli J, Paterson H. Vocal Pitch Production during Lying: Beliefs about Deception Matter.
Psychiatry, Psychol Law. 2013; 20:123–132. doi: 10.1080/13218719.2011.633320

55.

Rigoulot S, Fish K, Pell MD. Neural correlates of inferring speaker sincerity from white lies: an eventrelated potential source localization study. Brain Res. Elsevier; 2014; 1565:48–62. doi: 10.1016/j.
brainres.2014.04.022

56.

Vrij A, Semin GR. Lie Experts’ Beliefs about nonverbal Indicatiors of Deception. J Nonverbal Behav.
1996; 20.

57.

DePaulo BM, Lindsay JJ, Malone BE, Muhlenbruck L, Charlton K, Cooper H. Cues to deception. Psychol Bull. 2003; 129:74–118. PMID: 12555795

58.

Zuckerman M, Koestner R, Driver R. Beliefs About Cues Associated With Deception. J Nonverbal
Behav. 1981; 6:105–114.

59.

Zuckerman M, Driver R. Telling lies: Verbal and nonverbal correlates of deception. In: Siegman AW,
Feldstein S, editors. Multichannel integrations of nonverbal behavior. Hillsdale, NJ: Erlbaum;
1985. pp. 129–147.

60.

Kreuz RJ. The use of verbal irony: Cues and constraints. In: Mio JS, Katz AN, editors. Metaphor: Implications and applications. Mahwah, NJ: Erlbaum; 1996. pp. 23–38.

61.

Clark HH, Gerrig RJ. On the pretense theory of irony. J Exp Psychol Gen. 1984; 113:121–126. PMID:
6242407

62.

Chakravarty S, Ma Y, Maximiano S. Lying and Friendship. 2013;

63.

Hample D. Purposes and Effects of Lying. South Speech Commun J. 1980; 46:33–47.

64.

Depaulo BM, Bell K, Mann T, Moak J, Picerno N, Robinson L, et al. Truth and Investment: Lies Are
Told to Those Who Care. 1996; 71:703–716.

65.

Saxe L. Lying: Thoughts of an applied social psychologist. Am Psychol. 1991; 46:409–415.

66.

Bok S. Lying: moral choice in public and private life. New York: Pantheon Books; 1978.

67.

Peterson C. Deception in Intimate Relationships. Int J Psychol. 1996; 31:279–288. doi: 10.1080/
002075996401034

68.

Tannen D. You just don’t understand: women and men in conversation. New York: Ballantine; 1991.

69.

Von Hippel W, Dunlop SM. Aging, inhibition, and social inappropriateness. Psychol Aging. 2005;
20:519–23. PMID: 16248710

70.

Bateson G. Steps to an Ecology of Mind. London: Granada Publishing; 1973.

71.

Giora R, Fein O, Laadan D, Wolfson J, Zeituny M, Kidron R, et al. Expecting Irony: Context Versus
Salience-Based Effects. Metaphor Symb. 2007; 22:119–146. doi: 10.1080/10926480701235346

72.

Katz AN, Blasko DG, Kazmerski V a. Saying What You Don’t Mean. Social Influences on Sarcastic
Language Processing. Curr Dir Psychol Sci. 2004; 13:186–189.

73.

Katz AN, Pexman PM. Interpreting Figurative Statements: Speaker Occupation Can Change Metaphor to Irony. Metaphor Symb. 1997; 12:37–41.

74.

Pexman PM, Ferretti TR, Katz AN. Discourse Factors That Influence Online Reading of Metaphor and
Irony. Discourse Process. 2000; 29:201–222.

75.

Capelli CA, Nakagawa N, Madden CM. How Children Understand Sarcasm: The Role of Context and
Intonation. 1990; 61:1824–1841.

76.

Dews S, Winner E. Obligatory processing of literal and nonliteral meanings in verbal irony. J Pragmat.
1999; 31:1579–1599.

77.

Pell MD, Monetta L, Kotz SA, Cheang HS, Mcdonald S. Social Perception in Adults With Parkinson’s
Disease. Neuropsychology. 2014; 28:905–916. doi: 10.1037/neu0000090 PMID: 24885448

78.

Davis MH. A multidimensional approach to individual differences in empathy. JSAS Cat Sel Doc Psychol. 1980; 10.

PLOS ONE | DOI:10.1371/journal.pone.0133902 July 30, 2015

22 / 24

RISC Inventory for Testing Social Perception

79.

Davis MH. Measuring Individual Differences in Empathy: Evidence for a Multidimensional Approach.
1983; 44:113–126.

80.

Rankin KP, Salazar A, Gorno-Tempini ML, Sollberger M, Wilson SM, Pavlic D, et al. Detecting sarcasm from paralinguistic cues: anatomic and cognitive correlates in neurodegenerative disease. Neuroimage. Elsevier Inc.; 2009; 47:2005–15. doi: 10.1016/j.neuroimage.2009.05.077

81.

Thomas J. Intrapsychic predictors of professional quality of life: mindfulness,empathy, and emotional
separation [Internet]. University of Kentucky Doctoral Dissertations 2011. Available: http://
uknowledge.uky.edu/gradschool_diss/125

82.

Wagner HL. On measuring performance in category judgment studies of nonverbal behavior. J Nonverbal Behav. 1993; 17:3–28. doi: 10.1007/BF00987006

83.

Abu-Akel A. A neurobiological mapping of theory of mind. Brain Res Rev. 2003; 43:29–40. doi: 10.
1016/S0165-0173(03)00190-5 PMID: 14499460

84.

Frith U, Frith C. The Biological Basis of Social Interaction. Curr Dir Psychol Sci. 2001; 10:151–155.
doi: 10.1111/1467-8721.00137

85.

Rockwell P, Theriot EM. Culture, gender, and gender mix in encoders of sarcasm: A self assessment
analysis. Commun Res Reports. 2001; 18:44–52.

86.

Cheang HS, Pell MD. Recognizing sarcasm without language: A cross-linguistic study of English and
Cantonese. Pragmat Cogn. 2011; 19:203–223. doi: 10.1075/pc.19.2.02che

87.

Grice HP. Logic and Conversation. Studies in the Way of Words. Cambridge: Harvard University
Press; 1989.

88.

Bond CF, DePaulo BM. Accuracy of deception judgments. Pers Soc Psychol Rev. 2006; 10:214–34.
doi: 10.1207/s15327957pspr1003_2 PMID: 16859438

89.

Levine TR, Kim RK, Hamel LM. People Lie for a Reason: Three Experiments Documenting the Principle of Veracity. Commun Res Reports. 2010; 27:271–285. doi: 10.1080/08824096.2010.496334

90.

Millar MG, Millar KU. The Effects of Cognitive Capacity and Suspicion on Truth Bias. Communic Res.
1997; 24:556–570. doi: 10.1177/009365097024005005

91.

Van Swol LM, Braun MT, Malhotra D. Evidence for the Pinocchio Effect: Linguistic Differences
Between Lies, Deception by Omissions, and Truths. Discourse Process. Taylor & Francis Group;
2012; 49:79–106. doi: 10.1080/0163853X.2011.633331

92.

McCornack SA, Parks MR. Deception detection and relationship development: The other side of trust.
In: McLaughlin ML, editor. Communication Yearbook 9. Beverly Hills, CA: Sage; 1986. pp. 377–389.

93.

Bond CF, Depaulo BM. Individual differences in judging deception: accuracy and bias. Psychol Bull.
2008; 134:477–92. doi: 10.1037/0033-2909.134.4.477 PMID: 18605814

94.

Suls J. Cognitive processes in humor appreciation. In: McGhee PE, Goldstein JH, editors. Handbook
of humor research. New York: Springer-Verlag; 1983.

95.

Ivanko SL. How Sarcastic are You?: Individual Differences and Verbal Irony. J Lang Soc Psychol.
2004; 23:244–271.

96.

McDonald S, Bornhofen C, Shum D, Long E, Saunders C, Neulinger K. Reliability and validity of The
Awareness of Social Inference Test (TASIT): a clinical test of social perception. Disabil Rehabil. 2006;
28:1529–42. PMID: 17178616

97.

Ackerman BP. Form and function in children’s understanding of ironic utterances. J Exp Child Psychol. 1983; 35:487–508.

98.

Jorgensen J, Miller G a., Sperber D. Test of the mention theory of irony. J Exp Psychol Gen. 1984;
113:112–120.

99.

Kumon-Nakamura S, Glucksberg S, Brown M. How about another piece of pie: The allusional pretense theory of discourse irony. J Exp Psychol Gen. 1995; 124:3–21. doi: 10.1037//0096-3445.124.1.
3 PMID: 7897341

100.

Coser RL. Some Social Functions of Laughter: A Study of Humor in a Hospital Setting. Hum Relations. 1959; 12:171–182.

101.

Gibbs RW. Interpreting What Speakers Say and Implicate. 1999; 485:466–485.

102.

Zuckerman M, Hall JA. Facial and Vocal Cues of Deception. 1979;

103.

McClure EB. A meta-analytic review of sex differences in facial expression processing and their development in infants, children, and adolescents. Psychol Bull. 2000; 126:424–453. PMID: 10825784

104.

Schmid PC, Schmid Mast M, Bombari D, Mast FW. Gender Effects in Information Processing on a
Nonverbal Decoding Task. Sex Roles. 2011; 65:102–107. doi: 10.1007/s11199-011-9979-3

105.

Hall J a, Schmid Mast M. Are women always more interpersonally sensitive than men? Impact of
goals and content domain. Pers Soc Psychol Bull. 2008; 34:144–55. PMID: 18162662

PLOS ONE | DOI:10.1371/journal.pone.0133902 July 30, 2015

23 / 24

RISC Inventory for Testing Social Perception

106.

Briton NJ, Hall J a. Beliefs about female and male nonverbal communication. Sex Roles. 1995;
32:79–90. doi: 10.1007/BF01544758

107.

Spence JT, Helmreich R, Stapp J. Ratings of self and peers on sex role attributes and their relation to
self-esteem and conceptions of masculinity and femininity. J Pers Soc Psychol. 1975; 32:29–39.
PMID: 1206468

108.

Lampert MD, Ervin-Tripp SM. Risky laughter: Teasing and self-directed joking among male and
female friends. J Pragmat. 2006; 38:51–72. doi: 10.1016/j.pragma.2005.06.004

109.

Colston HL, Lee SY. Gender Differences in Verbal Irony Use. Metaphor Symb. 2004; 19:289–306.

110.

Thomson R, Murachver T. Predicting gender from electronic discourse. Br J Soc Psychol. 2001;
40:193–208. doi: 10.1348/014466601164812 PMID: 11446227

111.

Bowes A, Katz A. When Sarcasm Stings. Discourse Process. 2011; 48:215–236. doi: 10.1080/
0163853X.2010.532757

112.

Feldman RS, Forrest JA, Happ BR. Self-Presentation and Verbal Deception: Do Self- Presenters Lie
More? Basic Appl Soc Psych. 2002;37–41.

113.

Adachi T. Sarcasm in Japanese. Stud Lang. 1996; 20:1–36.

114.

Schaffer R. Are there consistent vocal clues for irony? In: Masek CS, Hendrick AR, Mille MF, editors.
Parasession on Language and Behavior. Chicago Linguistic Society, Chicago, IL; 1982. pp. 204–210.

115.

Palmer J. Taking Humour Seriously. New York: Routledge; 1994.

116.

Alberts JK, Kellar-Guenther Y, Corman SR. That’s not funny: Understanding recipients' responses to
teasing. West J Commun. 1996; 60:337–357.

117.

Anolli L, Ciceri R, Infantino MG. Irony as a Game of Implicitness: Acoustic Profiles of Ironic Communication. J Psycholinguist Res. 2000; 29:275–311. PMID: 10937366

118.

Filik R, Leuthold H, Wallington K, Page J. Testing theories of irony processing using eye-tracking and
ERPs. J Exp Psychol Learn Mem Cogn. 2014; 40:811–28. doi: 10.1037/a0035658 PMID: 24548324

119.

Bryant G a., Fox Tree JE. Is there an Ironic Tone of Voice? Lang Speech. 2005; 48:257–277. doi: 10.
1177/00238309050480030101 PMID: 16416937

120.

Bryant GA, Tree JEF. Recognizing Verbal Irony in Spontaneous Speech Recognizing Verbal Irony in
Spontaneous Speech. 2009;37–41.

121.

Mitchley NJ, Barber J, Gray JM, Brooks DN, Livingston MG. Comprehension of irony in Schizophrenia. Cogn Neuropsychiatry. 1998; 3:127–138. doi: 10.1080/135468098396206

122.

Baron-Cohen S. Mindblindness: and essay on autism and theory of mind. Cambridge, MA: MIT
Press; 1997.

123.

Elamin M, Pender N, Hardiman O, Abrahams S. Social cognition in neurodegenerative disorders: a
systematic review. J Neurol Neurosurg Psychiatry. 2012; 83:1071–9. doi: 10.1136/jnnp-2012-302817
PMID: 22869923

124.

McDonald S. Impairments in social cognition following severe traumatic brain injury. J Int Neuropsychol Soc. 2013; 19:231–46. doi: 10.1017/S1355617712001506 PMID: 23351330

PLOS ONE | DOI:10.1371/journal.pone.0133902 July 30, 2015

24 / 24

