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Abstract

Primary Objective: Research studies and clinical observations of individuals with traumatic 

brain injury (TBI) indicate marked deficits in mentalizing—perceiving social information and 

integrating it into judgements about the affective and mental states of others. The current study 

investigates social-cognitive mechanisms that underlie mentalizing ability to advance our 

understanding of social consequences of TBI and inform the development of more effective 

clinical interventions.

Research Design: The study followed a mixed-design experiment, manipulating the presence 

of a mentalizing gaze cue across trials and participant population (TBI vs. healthy comparisons).

Methods and Procedures: Participants, 153 adults, 74 with moderate-severe TBI and 79 

demographically matched healthy comparison peers, were asked to judge a humanoid robot’s 

mental state based on precisely controlled gaze cues presented by the robot and apply those 

judgements to respond accurately on the experimental task.

Main Outcomes and Results: Results showed that, contrary to our hypothesis, the social cues 

improved task performance in the TBI group but not the healthy comparison group.

Conclusions: Results provide evidence that, in specific contexts, individuals with TBI can 

perceive, correctly recognize, and integrate dynamic gaze cues and motivate further research to 

understand why this ability may not translate to day-to-day social interactions.

Overview

Mentalizing is defined as the process through which individuals rely on social information to 

explain or predict the beliefs, actions, and intentions of others (1, 2) and has been 

characterized as a cornerstone of successful social functioning (3). Research studies and 

clinical observations of individuals with traumatic brain injury (TBI) indicate marked 

deficits in mentalizing ability in this clinical group (4), which may have significant 
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implications for occupational and social-integration outcomes (5). Current evidence about 

mentalizing in TBI is derived from studies using written or visual, story-based “third-

person” paradigms. These third-person paradigms may not capture mentalizing as it occurs 

in dynamic, first-person situations. We view first-person mentalizing as a dynamic multi-

stage process, involving the situated perception of social stimuli and the integration of 

perceived information into attributions of mental state (6). Consistent with this view, we 

tested mentalizing in adults with TBI using a simulated social interaction paradigm 

developed by Mutlu and colleagues (7), in which study participants are asked to guess the 

mental states of a humanlike robot that produces dynamic social cues that signal its mental 

states. Our aim was to determine if impaired ability to attribute mental states to characters in 

videos or stories was similarly evident in moment-to-moment analysis of face-to-face, task-

based interactions.

Background

Mentalizing, also referred to as Theory of Mind (ToM), refers to the ability to attribute 

mental states including purpose, intention, knowledge, belief, thinking, doubt, guessing, 

pretending, liking, and so on, to self and others (1, 2). Prior literature on the social 

consequences of TBI provides overwhelming evidence for deficits in mentalizing ability 

following moderate-severe TBI (for a meta-analytic review of 26 studies, see Martín-

Rodríguez and León-Carrión (4)). Studies contributing to this literature show deficits in a 

wide range of processes that underlie mentalizing ability, including recognition of emotions 

in others’ speech and facial expressions (8–10), the ability to make first- and second-order 

inferences about others’ mental states (8, 11, 12), executive functioning (13), social 

problem-solving (14), and the ability to infer attitudes from communication functions such 

as sarcasm (15) and irony (16). Deficits have been observed early and in the chronic stages 

after injury (17), indicating direct and sustained effects of TBI on mentalizing ability.

Investigations of mentalizing in adults with TBI have employed a number of well-

established and validated experimental tasks, such as the False Belief Task (18), Faux Pas 

Test (19), Cartoon Test (20), Reading the Mind in the Eyes Test (21), Character intention 

Task (22), Awareness of Social Inference Test (23), Video Social Inference Test (11), 

Mentalistic Interpretation Task (14), and Social Problem Resolution and Fluency Tasks (14). 

These tasks primarily follow a paradigm in which participants are presented a scenario, 

usually depicted as written stories (e.g., in the Mentalistic Interpretation Task) or visual 

storyboards (e.g., in the Character Intention Task), and asked to make inferences about the 

prospective actions or retrospective intentions of characters involved in the scenario. These 

“third-person” paradigms for studying social cognition (24) assess the ability of individuals 

with TBI to attribute mental states to or predict future actions of characters in abstract 

scenarios, with no real-life implications for participants. Participants’ ability to correctly 

interpret the mental states of these characters, therefore, may not generalize to real-life 

scenarios in which they are active participants and which have consequences for them.

A growing body of literature has characterized mentalizing as a dynamic process distributed 

across multiple agents, time, and the physical environment (6) and proposed the study of this 

process using “first-” and “second-person” paradigms that involve realistic interaction 
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scenarios and assess functional outcomes (24). The paradigm used in the current study 

involves study participants playing a version of the 20-Questions guessing game with a 

humanlike robot and assesses the effects of the robot’s gaze cues to the correct object (7). 

This protocol includes several important characteristics of real-life social interactions: 

participants engage in social-cue perception in a situated scenario; they integrate social 

information into mental-state judgments; and there are real-life consequences of poor 

mentalizing (e.g., more guesses and thus a lower score for the task). Prior administration of 

this paradigm with a healthy Japanese college-student population showed that when the 

robot “leaked” gaze cues, participants had faster task performance, required fewer guesses, 

and had more accurate responses.

This approach builds on an experimental paradigm that has found wide use in behavioral 

research that involves simulating social cues in humanlike representations such as animated 

on-screen characters and humanlike robots and creating experimental scenarios in which 

participants interact with these representations (24–28). This paradigm enables the creation 

of precisely controlled, reliable, and ecologically valid social stimuli and the study of 

“online” social perception and communication in interactive situations. It offers higher 

experimental control than would using human confederates because it allows for greater 

control in verbal and nonverbal cues of the confederate and achieved minimal variability in 

how these cues are presented across experimental trials. This level of control is critical for 

behaviors such as eye-gaze, which are highly proceduralized and difficult to control in 

humans. This paradigm also offers higher ecological validity than image- and video-based 

studies since it allows us to present social cues to participants in dynamic, interactive 

situations and capture their responses using objective and behavioral measures.

The high level of control achieved through the use of the humanlike robot, the face-to-face, 

real-life social-interaction setting, and performance-based outcomes of the interaction make 

this paradigm a unique and powerful research tool to study mentalizing in adults with TBI.

Hypotheses

The current work seeks to investigate whether deficits in social perception and mentalizing 

demonstrated in prior work also are revealed in dynamic real-time interactions. The study 

hypothesis was that healthy comparison peers would use robot social gaze cues during an in-

person interaction to successfully infer the mental state of their robot partner, while 

individuals with TBI would not.

Materials and Methods

Participants

Participants were 149 adults: 72 individuals with moderate-severe TBI (32 females) and 77 

demographically matched healthy comparison (HC) participants (36 females). The 

participants with TBI were 43 years and 5 months old, on average (SD = 15;00), and had an 

average of 14 years and 10 months of education (SD = 2;03). The HC participants were 44 

years and 6 months old, on average (SD = 16;11), and had 15 years and 1 month of 

education, on average (SD = 1;08). There were no significant differences in age, F(1,147) = 
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0.174, p = .677, and years in education, F(1,147) = 0.446, p = .506, between the two groups. 

Participants were recruited from two sites in the Midwestern United States: Madison, 

Wisconsin and Iowa City, Iowa as part of a larger study on social communication and 

perception. The relevant institutional review boards approved all procedures.

Inclusion criteria were self-identification as a native English speaker and no self-reported 

history of a diagnosis of language or learning disability or neurological disorder affecting 

the brain (pre-injury, for the TBI group). Exclusion criteria were failing a pure-tone 

audiometric screening test at 20 dB HL at 500, 1000, 2000, and 4000 Hz; failing standard 

screenings for far and near vision; or testing in the aphasic range on the Western Aphasia 

Battery Bedside Screening Test (29).

Injury severity for the TBI group was assessed using the Mayo Classification System (30). 

Participants were considered moderate-severe if at least one of the following criteria was 

met: (1) Glasgow Coma Scale (GCS) < 13 (i.e., moderate or severe according to the GCS), 

(2) positive acute CT findings or lesions visible on a chronic MRI, (3) loss of consciousness 

(LOC) > 30 minutes or post-traumatic amnesia (PTA) > 24 hours, and (4) retrograde 

amnesia > 24 hours. All participants were more than six months post injury, with an average 

time of 9.16 years (Min = 0.50, Max = 44.92, Median = 5.21, SD = 10.26 years) post injury, 

and out of post-traumatic amnesia. Injury-related information was collected using a 

combination of medical records and a semi-structured interview with participants.

To compare the present study to previous publications, participants completed a series of 

tasks recommended by the Common Data Elements Committee for TBI research (31): the 

California Verbal Learning Test (CVLT) (32), Wechsler Adult Intelligence Scales Processing 

Speed Index tests (WAIS-PSI) (33), and Trailmaking Tests A and B (34). Results for TBI 

and HC groups are shown in Table 1. Analysis of variance (ANOVA) revealed a significant 

between-groups difference on all neuropsychological measures (see Table 1), no significant 

sex-based differences on any measure (all p-values > .05), and no significant interaction of 

group and sex (all p-values > .05). Additionally, a subset of the participants whose data was 

included in the current paper has shown impaired mentalizing in other tasks, such as 

identifying speaker preferences expressed in text-based messages (35) and identifying 

emotion in facial affect recognition tasks (36). These impairments, coupled with the group 

differences we have identified in neuropsychological measures, suggest that the population 

that is included in the current study will have impaired mentalizing ability and, thus, not use 

robot social gaze cues to successfully infer the mental state of their robot, as predicted by 

our study hypothesis.

Task

Participants were asked to complete the Nonverbal Leakage Task, in which they played a 20-

Questions guessing game with a humanlike robot (7, 24) (Figure 1). The game involved the 

robot mentally choosing an object from an array, and the participant asking questions in 

order to identify the robot’s target. Participants were allowed to ask only questions that 

could be answered with “Yes” or “No.” When speaking with the participant, the robot 

established and maintained eye contact with the participant. All other times, the robot 

fixated its gaze to the midpoint of the task space.
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Participants sat across the robot that was placed on a table in a seated posture. An additional 

table was placed between the participant and the robot. On the table, 12 common household 

items were placed in two horizontal rows. These items were chosen to have clear 

distinguishing characteristics in material, color, and shape in order to minimize ambiguity. 

For example, only one item would fit the description “clear, square, and plastic.” To further 

minimize pragmatic ambiguity, labels were placed in front of each item and fully described 

the item (e.g., “wooden square tray”). The number of items and their distinguishing 

characteristics were chosen to enable participants to correctly identify the robot’s pick in an 

average of 4–5 guesses. Participants provided guesses until they correctly identified the 

robot’s pick. When a guess was incorrect, the robot stated that the guess was not correct and 

prompted the participant to try again. Figure 2 illustrates the physical setup of the study.

Technology.—A NAO humanlike robot, developed by Softbank Robotics, served as the 

robot platform. Using the platform’s application programming interface (API), the robot was 

programmed to perform the task in a semi-autonomous fashion. Using an overhead camera, 

it detected the locations of the objects with assistance of Augmented Reality (AR) tags 

placed behind the objects and directed its gaze toward them based on the detected locations.

The robot’s responses to the questions were prompted by an experimenter who was seated 

behind a divider and was aided by an experiment software that provided a video stream of 

the participant and the task space from the robot’s perspective and controls for each of the 

robot’s responses. A human experimenter controlled the robot’s responses, as opposed to 

autonomous operation by the robot, to minimize any potential data loss and interaction 

breakdowns that could be caused by errors in speech recognition. Upon participant questions 

such as “Is the item red” or “Is your pick the white round bowl,” the experimenter pressed 

buttons labeled “Yes” and “No” on a computer interface developed for the study, which 

triggered the robot to provide these responses to the participant. When the participant 

correctly identified the robot’s pick, the experimenter pressed a button labeled “Correct,” 

which triggered the robot to utter this response and initiated either the transition to the next 

round of the game or the script for ending the interaction. If the experimenter needed the 

participant to reword questions, a button labelled “Don’t Understand” prompted the robot to 

ask the participant to repeat the question.

The robot’s non-verbal behaviors, including the precise direction and timing of its gaze cues 

toward the participants and task-relevant objects, were controlled autonomously by an 

algorithm.

Manipulation.—A social gaze cue was introduced in some rounds of the game. In four of 

the nine trials, the robot glanced toward the target object prior to answering one of the 

participant’s questions. To ensure that acclimation effects did not interfere with perception 

of the gaze cue, the first round of the game was always cue-free. In the remaining eight 

trials, four randomly selected trials included the gaze cue. To minimize demand 

characteristics, the cue was introduced either on the second or the third question, with the 

order randomized.
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The gaze cue followed the behavioral characteristics identified in prior work, although 

temporal modifications were made to these characteristics to accommodate the motor 

limitations of the robot platform used. The prior work described this “leakage” cue as a 

sequence of gaze shifts and fixations. The sequence involved starting with a gaze fixation 

toward the middle of the task space, shifting gaze toward the object of interest, fixating on 

the object of interest, shifting gaze toward the participant’s face (establishing eye contact), 

and fixating on the participant until the robot’s speech ended. In our implementation of the 

cue, while the length of the gaze shifts depended on object location, the fixation at the object 

of interest was approximately 400 ms. This timing was chosen based on prior 

implementations of the experimental paradigm (7, 37), which built on measurements of 

human gaze cues and the motor limitations of robot platforms. When the cue was absent, the 

robot shifted its gaze between the midpoint of the task space and the participant’s face in 

congruency with its dialogue with the participant.

Procedure

The experiment was administered as a part of a battery of tasks conducted under the Social 

Building Blocks Study. The study protocol was approved by the Education and Social/

Behavioral Science Institutional Review Board at the University of Wisconsin–Madison and 

the Behavioural/Social Science Institutional Review Board at the University of Iowa. The 

experimenter was a research assistant trained in study procedures.

The procedure began with the experimenter meeting the participant in a waiting area outside 

the experiment room, then escorting the participant to the experiment room and asking the 

participant to take a seat at the table with the household items. The experimenter then 

introduced the participant to the robot, gave detailed instructions on the task, and answered 

any questions that the participant had about the study task. He or she remained available 

during the first round of the game to answer any additional questions that might arise after 

the participant had some experience with the task, and stood behind a divider, out of sight of 

the participant, for the remainder of the experiment. When nine rounds of the game were 

completed, project staff re-entered the room and escorted the participant to another room to 

complete the remainder of tasks included in the study.

Measurement and Analyses

Measurement.—The dependent variable was the number of guesses participants made 

until they correctly identified the robot’s pick. We expected this measure to be robust to 

individual differences but sensitive to group differences, thus unearthing any systemic 

effects that might result from mechanistic deficiencies in social cognition.

Data Inclusion Criteria.—Data from 153 participants, including nine trials from each 

participant (five uncued, four cued), yielded 1,377 data points.

Analyses.—Data were analyzed using split-plot and repeated-measures analyses of 

covariance (ANCOVA), with social cue as a within-participants variable, population as a 

between-groups variable, and site of data collection as a covariate. Alpha levels 0.05 and 

0.10 are used to report on significant and marginal effects, respectively.
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Results

Results are shown in Figure 3. The ANCOVA revealed a significant main effect of gaze cue, 

F(1,145.1) = 6.52, p = .012, for all participants. Participants correctly identified the robot’s 

pick on an average of 3.89 questions (SD = 2.08) when the robot displayed the gaze cue and 

4.19 (SD = 2.17) when it did not. A priori contrast tests within each group showed that the 

TBI group used significantly fewer questions in the presence of the gaze cue (M = 3.92, SD 
= 2.24) than when the cue was not present (M = 4.36, SD = 2.45), F(1,143.2) = 7.22, p = .

008. HC participants showed a similar trend, asking fewer questions in the presence of the 

social cue (M = 3.87, SD = 1.91) than in its absence (M = 4.02 SD = 1.85), although the 

difference was not significant for this group, F(1,147) = 0.83, p = .365. There was no 

interaction between the gaze-cue manipulation and group, F(1,145.1) = 1.63, p = .203.

Our analysis also showed an interaction effect between data-collection site and population, 

F(1, 148.9) = 4.53, p = .035, and thus data-collection site was retained as a covariate in the 

model. We observed a large difference in the performance of the TBI group (M = 4.34, SD = 

2.64) and the healthy controls (M = 3.81, SD = 1.71) in the sample from Site 1 (Madison, 

Wisconsin) and a very small difference in the opposite direction in the sample from Site 2 

(Iowa City, Iowa) (M = 3.98, SD = 2.02 for TBI; M = 4.08, SD = 2.01 for HC). We discuss 

the potential explanations and implications of these differences in the Discussion Section.

Discussion

We have conceptualized mentalizing as a multi-stage process involving multiple cognitive 

mechanisms, including the perception of social information and integration of this 

information into the context of the interaction, in order to attribute mental states to others. 

We argued that the study of mentalizing requires the use of “first-” and “second-person” 

paradigms that engage these cognitive mechanisms in dynamic, physically situated 

interaction scenarios. Based on the second- and third-person mentalizing literature, we 

hypothesized that individuals with TBI would display an impaired ability to mentalize due to 

challenges in either social perception or integration of social information into the context of 

a dynamic interaction. We tested this hypothesis using a simulated social interaction task in 

which participants played a guessing game with a humanlike robot. Our data did not provide 

support for the hypothesis; to the contrary, individuals with TBI did not differ significantly 

from peers in mentalizing and showed a significant benefit from social gaze cues where their 

peers did not.

These results suggest that, in some contexts, individuals with TBI can successfully mentalize 

based on available social information. These findings challenge existing beliefs that social 

deficits in adults with TBI are due to underlying impairments in social perception or 

mentalizing. Performance of adults with TBI may have resulted from social skills training or 

increased effort by individuals with TBI to perform well on a social task, but these 

explanations are unlikely. Current social skills training models are explicit and didactic (e.g., 

rehearsing appropriate greetings) and do not address implicit perceptual processes such as 

those tested here; and if individuals with TBI could achieve peer-typical performance solely 

by increasing effort, they would not have their known social challenges. A more likely 
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explanation is that mentalizing was tested here in a laboratory experiment that isolated all 

other social information and interpersonal processes that individuals with TBI might find 

overwhelming. Given the evidence that individuals with TBI can successfully mentalize in 

this context vs. their known deficits in everyday life, we argue that everyday deficits do not 

result from impairments in cognitive mechanisms that underlie social perception or 

mentalizing, but instead relate to challenges in rapidly integrating and contextualizing 

perceived social information and making social inferences in complex day-to-day social 

interactions. Such interactions can involve the presence of multiple cues that increase social-

perception demand, conflicting cues (e.g., in the case of sarcasm where verbal and nonverbal 

cues can mismatch), or additional cognitive or interactional demands (e.g., performing under 

time pressure or interacting with multiple or unskilled partners). While further research is 

needed to substantiate this claim – for example, by assessing mentalizing ability in situations 

with increasing complexity – the findings of the current study redirect our attention from 

studying deficits at the mechanism level to understanding challenges in integrating social 

inference in real-life situations.

Despite predictions based on known social deficits, performance of participants with TBI 

improved in the presence of social gaze cues that were designed to facilitate mentalizing, 

from which we conclude that adults with TBI successfully perceived those cues and used 

them to attribute mental states. By contrast, performance of healthy peers did not differ 

significantly in the presence of cues, although differences between cued and uncued 

conditions were similar between groups. The failure to replicate earlier findings by Mutlu 

and colleagues (7) may have been due to methodological differences between the two 

studies, such as use of an older sample of participants compared to prior research (average 

age for our HC group was 44.49, and those for the three studies reported by Mutlu (37) were 

21.86, 20.4, and 20.77). The most relevant difference, however, may have been that the robot 

in our study was less “human-like” than that used in prior work. Mutlu and colleagues (7) 

used two humanlike robots and found that, when effects were analyzed for each robot, 

mentalizing ability significantly improved with the highly humanlike robot but not with the 

less humanlike robot that was similar to the robot used in our study. Thus, we speculate that 

the social information provided by the robot was not sufficiently “life-like” to significantly 

improve mentalizing. Finally, the changes that we have made to the task as presented by 

Mutlu and colleagues (7), specifically the modifications in task items and their 

characteristics, including name, shape, color, and material, to make them more easily 

distinguishable by participants with TBI, might have made the task too simple for the 

healthy comparisons who then relied on other information to perform the task than the 

mentalizing cues.

Our analysis found a significant interaction between data-collection site and population, 

indicating that the performance of individuals with TBI and their healthy peers differed 

between the two data collection sites. A close examination of this effect shows that the 

differences between the individuals with TBI and healthy controls are much more 

pronounced in the data from Site 1 than those in the data from Site 2, particularly when the 

robot did not produce gaze cues. As shown in Figure 4, the negative effect of the absence of 

the gaze cues on the performance of individuals with TBI is more pronounced in the data 

from Site 1 than in the data from Site 2, while the effects of the gaze cues on healthy 
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controls across the two sites appear similar. We argue that this difference among individuals 

with TBI between the two sites results from differences in population and injury 

characteristics. A comparison of the two groups in demographic and injury-related measures 

shows that individuals with TBI from Site 1 are significantly younger, F(1,70) = 9.10, p = .

004, have marginally fewer years of education, F(1,70) = 2.93, p = .091, had their injuries 

significantly more recently, F(1,70) = 9.10, p = .004, and score lower on the CVLT, F(1,69) 

= 12.62, p = .001, and WAIS-PSI, F(1,69) = 9.65, p = .003, tests than those from Site 2. 

These differences suggest that younger individuals with more recent injuries, who also 

performed more poorly on standard measures of social functioning, show poorer mentalizing 

ability than their older peers with more chronic injuries. Therefore, we conclude that 

mentalizing ability among individuals with TBI may be mediated by age and time post 

injury, although further research is needed to more conclusively establish this effect.

An alternative explanation of the results of the current study is that the healthy participants 

were able to use an alternative strategy to identify the robot’s pick, and the mentalizing cues 

provided only a marginal benefit for this group. Participants with TBI, on the other hand, 

were not able to rely on these cues and relied primarily on the leakage cues to mentalize. 

This explanation is consistent with the impairments in integrative cognitive processing and 

executive function in individuals with TBI (38) that would be required for the complex 

decision-making that would be required by identifying the robot’s pick. Although a more 

conclusive discussion of this explanation would require further research, it provides support 

for the conclusion that the TBI group was able to demonstrate mentalizing ability based on 

the social cues of a robot in an isolated context.

A final outcome of the current study is demonstration of a simulated social interaction 

paradigm for studying mentalizing in dynamic, physically situated interactions and for a 

more precise and ecologically valid understanding of the functioning of mentalizing 

mechanisms. The use of this paradigm simultaneously enables precise control and isolation 

of specific behaviors and mechanisms and their contextualization in an interactive, first-

person scenario. Coupled with the high level of generalizability of findings between human 

interactions and interactions with interactive computers suggested by prior work (39, 40), 

these advantages highlight a promising methodological avenue for research into social 

functioning and deficits.

Limitations

The presented study has some limitations that future research might further explore or 

clarify. A limitation of the presented results is that, despite the statistically significant effects 

of the gaze-cue manipulation in the TBI group, participants asked, on average, 0.42 fewer 

questions in the presence of the gaze cue, and thus the practical significance of this effect is 

unknown. Another limitation of the current study is that although many social mechanisms 

in human-robot interaction function in the same way as they do in human-human interaction, 

as demonstrated by a large body of literature on human-robot interaction (41), there might 

be fundamental differences in people’s perceptions of robot and human social behaviors, 

particularly for individuals with TBI. For example, participants with TBI might have 

perceived the robot’s gaze shifts as task-relevant deictic cues in service of pragmatic 

Mutlu et al. Page 9

Brain Inj. Author manuscript; available in PMC 2019 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



communication, while their healthy peers might have perceived them as leakage cues that 

are byproducts of a complex cognitive process with little informational value. Clarifying 

such potential differences require further research into individual differences in social 

perception in human-robot interaction.

Conclusion

In this paper, we investigated how reported deficits in social perception and mentalizing in 

adults with TBI manifest themselves in moment-by-moment judgements in dynamic 

interactions. Based on the overwhelming research and clinical evidence for the presence of 

deficits in mentalizing, we hypothesized that, unlike healthy comparison peers, individuals 

with TBI would fail to make correct judgements about mental states of a partner based on 

social cues specifically designed to elicit mentalizing. Participants were asked to make 

inferences about the mental states of a humanlike robot in the absence and presence of 

precisely controlled robot behaviors designed to cue its mental states. Contrary to our 

hypothesis, cueing improved mentalizing among in the TBI group, but not among healthy 

comparisons, suggesting a heightened sensitivity to social information among individuals 

with TBI. Our results provide evidence that adults with TBI can successfully engage in 

mentalizing in dynamic, face-to-face interactions in isolated settings, suggesting that deficits 

in mentalizing highlighted by prior research may not result from impairments social-

cognitive mechanisms but may result from other factors that impair the ability to utilize 

these mechanisms in the context of complex, dynamic interactions.
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Figure 1. 
The Nonverbal Leakage Task (7) required participants to make judgements about the mental 

states of a humanlike robot using information ‘leaked’ from its gaze.
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Figure 2. 
The physical setup of the Nonverbal Leakage Task; participants sat across the humanlike 

robot that was seated on a table, and another table with task items were placed between the 

participant and the robot.
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Figure 3. 
Data from the number of guesses measure. A priori comparisons showed that individuals 

with TBI stronger mentalizing in the presence of the social cue, while the cueing had no 

significant effect on healthy comparisons.
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Figure 4. 
The effects of gaze manipulation and population on the number of guesses, broken down for 

each data-collection site. Only values between 3 and 5 are included in the Y axis to improve 

the visibility of differences across sites.

Mutlu et al. Page 16

Brain Inj. Author manuscript; available in PMC 2019 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mutlu et al. Page 17

Table 1.

Participant characteristics.

HC Group (n = 77) TBI Group (n = 72) Between-Groups Comparison

Mean Age 44;6 (16;11) 43;5 (15;00) F(1,147 = 0.174, p = .677

Age Range 18;0–81;83 19;33–72;33 N/A

Time post-injury N/A 9;2 (10;3) N/A

Years of Education 15;01 (1;08) 14;10 (2;03) F(1,147) = 0.446, p = .506

Trails A 0.69 (0.87) −.45 (1.46) F(1,147) = 34.14, p < .001

Trails B 0.33 (2.16) −1.20 (3.51) F(1,143) = 10.26, p = .002

WAIS-PSI 108.04 (17.02) 93.76 (16.64) F(1,146) = 26.57, p < .001

CVLT 5 Trials 58.32 (9.29) 47.69 (13.83) F(1,146) = 30.57, p < .001

HC = Healthy Comparison group; TBI = Traumatic Brain Injury group. CVLT = California Verbal Learning Test (32), Trails A: Trailmaking Test 
Part A Trails B = Trailmaking Test Part B (34), WAIS PSI = Wechsler Adult Intelligence Scale (33) Processing Speed Index. Age, time post-injury, 
and education are years;months, rounded to the next full month. Trails B scores are z-scores; CVLT and WAIS PSI scores are scaled scores.
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