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Chapter 1

Traumatic brain injury

Traumatic Brain Injury (TBI) refers to a blunt, penetrating and acceleration or deceleration force-

derived injury that most commonly results from motor vehicle accidents, assaults or falls.1 The brain 

may suffer contusions at the point of direct impact and at the site directly opposite this point. It 

also occurs due to oscillation of the brain on the inside of the cranium. The resulting changes in the 

anatomy and neurophysiology of the brain disrupt multiple cerebral networks.2 Areas of particular 

vulnerability include the orbital frontal and temporal cortices, frontal poles, corpus callosum and 

sub-frontal white matter.3  

There are three generally acknowledged levels of severity of TBI: mild, moderate and severe.1,4 

The focus of this dissertation is on patients with moderate to severe TBI. The diagnosis moderate 

TBI is based on a period of unconsciousness of 30 minutes to 24 hours, an initial Glasgow Coma 

Score of 9-12, and a post traumatic episode of amnesia lasting 24 hours to seven days. Severe TBI is 

determined by a period of unconsciousness of longer than 24 hours, an initial Glasgow Coma Score 

of 3-8, and a post traumatic amnesia episode of more than seven days.4

Worldwide, an estimated 69 million individuals suffer a TBI each year, of which 13 million within 

the category moderate to severe.5 In people under 40 it is even the leading cause of disability, and 

it is expected to become the third largest cause of global disease burden by 2020.6,7 TBI causes 

persistent functional impairments and psychosocial problems leading to significant socio-economic 

costs.8,9  

TBI: social behavioral problems and consequences                                  

Behavioral problems are common in patients with moderate to severe TBI10,11 which are frequently 

experienced to be more distressing than cognitive or physical disabilities.12,13 Patients with moderate 

to severe TBI may have problems dealing with a wide range of complex behaviors, such as, being 

mindful of personal distance, initiating, keeping up with or ending conversations, conforming to 

social rules, avoiding inappropriate topics and jokes, as well as social problem solving and anger 

management.14  Social and interpersonal difficulties have been found to be a serious impediment to 

societal integration and employment in patients with TBI.15,16 Studies have reported that behavioral 

changes have a negative impact on family life and long-term outcome.17 The lack of concern or 

empathy in the person with TBI in particular proved harmful to their family’s life satisfaction.18,19 

Social cognition: definition

Potentially relevant for social functioning and outcome following TBI are the proposed social 

cognition processes underlying social behavior.11,14,20 Social cognition is an umbrella term 

encompassing several cognitive processes, having been defined as “the way in which people make 

sense of other people and themselves”.21 In the definitions by Adolphs22,23, social cognition is directly 

linked to behavior. Adolphs distinguishes “the processes that sub-serve behavior in response to 

conspecifics”, and “the ability to construct representations of the relationship between oneself and 
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others and to use those representations flexibly to guide behavior”.22,23 Several mental processes 

are involved in social cognition. These processes can be categorized in three general stages: 

perception of emotions, interpretation of social cues, and adjustment of behavior in accordance 

with the social context.22  The first stage, emotion perception, encompasses the recognition of 

basic emotions, namely anger, sadness, happiness, fear, disgust and surprise.22,24 The second stage 

(getting perspective on and understanding social information) refers to interpretative processes, 

judging complex mental states, desires and beliefs, all of these also referred to as theory of mind 

(ToM).25 The third stage (basic and goal directed social behavior) refers to the regulating responses 

to these inferences to guide social behavior.26 

Social cognition in TBI                      

Deficits in each of these social cognition stages have been found following moderate to severe 

TBI.27,28 Impaired recognition of facial emotion has been found in various studies.28-30 A meta-analysis 

by Babbage and colleagues (2011)31 estimated 13 to 39 percent of persons with moderate to severe 

TBI to have significant difficulties recognizing facial affect. Also, several studies have demonstrated 

impairments in ToM following TBI.32-34 Further, up to 70% of the patients with TBI reported reduced 

levels of empathy.35-37 

Neurobiology of social cognition

Studies have identified a complex network of cortical and sub-cortical brain areas involved in 

social cognition.22,38 This network includes the prefrontal, temporal and parietal cortices and the 

limbic system.22,38 Lesions in the orbitofrontal cortex, for instance, impair intuitive reflexive social 

behaviors and the ability to self-monitor in everyday functioning.3 In addition, damage to the 

frontal-subcortical circuits reduces higher-order intellectual function, and emphatic, motivated and 

subtle behavior.3 Subcortical structures such as the amygdala, dorsomedial nucleus of the thalamus, 

ventral striatum and the anterior insula, are important for detecting emotional information.39 

Neuropsychological rehabilitation

Neuropsychological rehabilitation is concerned with the assessment and treatment of cognitive, 

emotional and behavioral impairments following TBI. It can be described as a series of interventions 

enabling patients and their relatives to cope with, by-pass, reduce and come to terms with 

cognitive deficits.40 Neuropsychological rehabilitation interventions may be broadly divided into 

two approaches: restorative and compensatory. The restorative approach aims at reinforcing, 

strengthening or restoring a specific skills. It includes repeated training of specific cognitive 

processes to improve the underlying cognitive impairment. The compensatory approach teaches 

ways of bypassing the impaired function. It includes training to establish new patterns of cognitive 

activity through direct instructions, as well as supplying internal compensatory strategies (e.g., self-

instructions, visualization) or external compensatory mechanisms such as phone reminders and 
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environmental structuring or feedback.40,41

According to the widely used International Classification of Functioning, Disability and Health 

(ICF) framework (How to use the ICF: A practical manual for using the International Classification 

of Functioning, Disability and Health. Exposure draft for comment)42, the ultimate goal of 

neuropsychological rehabilitation is to maximize societal participation and quality of life.43 In terms 

of the ICF classification, poor social cognition is an impairment, while poor social or behavioral skills 

refer to limitations in activity and poor social functioning is described as a restriction of participation. 

Assessment of social cognition                 

So far, assessment of social cognition has not been a widespread element in neuropsychological 

examination. Recently, Kelly and colleagues (2017)44 have shown that 78% of the clinicians working 

in brain injury rehabilitation have never or infrequently used a standardized test to assess social 

cognition. The main reason for this seems to be the unavailability of reliable tests.

There are several tests available for evaluating aspects of social cognition, that consist mainly 

of static stimuli: pictures of faces, text-based stories or cartoons.28 In general, such measures have, 

to some extent sensitivity to the effects of brain injury, yet their sensitivity to real-life errors has so 

far been largely unknown.45 Overall, there is now an urgent need for ecologically validated social 

cognition tests that can predict everyday functioning with robust psychometric properties which 

can easily be administered in clinical practice.

Treatment of social cognition                                                    

Research on the treatment of deficits in social cognition following TBI has been sparse so far.46 In the 

few available randomized controlled trials, only isolated aspects of social cognition appear to have 

been targeted. A few studies show that treatment of emotion recognition can be effective in persons 

with TBI47-49, however, improvements in emotion recognition was not automatically accompanied 

by improved social behavior. In a case study on perspective training for controlling anger problems, 

decreased aggression was demonstrated besides improvement in perspective taking, according to 

relatives.50 Also, interventions that targeted on several aspects of communication after TBI could be 

found, that were shown to be effectively improving ToM.51 In a pilot study, positive changes were 

reported with regard to emotional self-awareness and emotion regulation after treating alexithymia 

post-TBI.52 Besides these, a number of studies show that interpersonal interventions are effective in 

modifying partner-related behaviors, such as reduced ego-centrism and appropriate contributions 

to conversations.53,54 

According to Driscoll (2011)55, the available studies on social cognitive and behavioral 

interventions in persons with TBI show methodological shortcomings, such as the inclusion of 

relatively small-sized samples, no control group included or a non-existent follow-up. Moreover, 

studies on social cognition treatment have failed to find changes in related outcomes regarding 

behavior, social functioning or quality of life. There is a clear need to develop evidence-based 



532802-L-bw-Westerhof532802-L-bw-Westerhof532802-L-bw-Westerhof532802-L-bw-Westerhof
Processed on: 26-6-2019Processed on: 26-6-2019Processed on: 26-6-2019Processed on: 26-6-2019 PDF page: 13PDF page: 13PDF page: 13PDF page: 13

13

General introduction

1

treatment that targets not only on emotion perception, but also on ToM, empathy and behavior 

regulation, as the base for improving social functioning, interpersonal relationships and societal 

participation following TBI. 

Outline of the thesis

In this thesis, two main themes are addressed: the assessment of social cognition with ecologically 

valid measures and evaluation of a social cognition treatment in a patient group with moderate to 

severe TBI. Chapter 2 reports on the feasibility, validity and sensitivity of the Dutch Awareness of 

Social Inferences Test (TASIT-short). Chapter 3 presents the results of a study on fear recognition 

and risky decision making in patients with moderate to severe TBI and healthy controls. We 

examined if fear detection has been affected after TBI and if this could be related to risky decision 

making in a gambling task. Chapter 4 describes the investigation of the value of measuring social 

cognition, behavior and executive functioning in predicting vocational and social participation. 

Chapter 5 is devoted to a detailed description of a multifaceted treatment of social cognition and 

emotion regulation (T-ScEmo). Chapter 6 presents the results of a randomized controlled trial that 

examined the effects of the T-ScEmo program. In 59 patients with TBI, we evaluated to what extent 

social cognition, behavior, quality of life, relationship quality and participation in real-life could be 

improved by a rehabilitation treatment. Finally, in chapter 7 there is a general discussion of the 

preceding chapters, in addition to implications for clinical practice, along with directions for future 

studies. 
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ABSTRACT

The present paper addresses the psychometric quality of the shortened Dutch version of The 

Awareness of Social Inference Test (TASIT), a social cognition task comprising dynamic social 

interactions. Because the original TASIT required a rather long administration time, two shortened 

parallel forms were developed. Results showed that TASIT-short was feasible and the two alternate 

forms were reasonably comparable in a group of neurologically healthy individuals (N = 98). Also, 

the results confirmed the ecological validity of TASIT-short in this healthy group. The test appeared 

sensitive to brain injury as it differentiated between the healthy subjects and a group of patients 

with acquired brain injury (N = 16). On the basis of the present study we conclude that TASIT-short 

has added value to the assessment of social cognition in patients with acquired brain injury. 
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INTRODUCTION

Changes in social behavior and social competence are common after moderate to severe brain 

injury.1-4 It is hypothesized that deficits in social cognition underlie these behavioral changes.5-8 

Social cognition has broadly been defined as a domain of cognition that involves the mental 

operations underlying social interactions, which includes the perception of the self, and the ability 

to perceive emotions, intentions and dispositions of others.9,10 It involves the recognition of other 

people’s affect as well as the ability to form a theory of mind (ToM) or to mentalize. ToM is required  

to understand  the thoughts, desires and intentions of others and differentiate these from one’s 

own thoughts and  feelings, a prerequisite for social competence.11,12 Poor recognition of facial 

affect13-15 and theory of mind deficits16-18 have been demonstrated after acquired brain injury (ABI). 

These studies focused mainly on traumatic brain injury, but deficits in social cognition have also 

been demonstrated in other neurological and psychiatric disorders, e.g. Schizophrenia19, Autism20, 

Huntington’s disease21 and stroke.22

Several studies found evidence that deficits in social cognition were associated with 

communication difficulties and impoverished social relationships after brain injury.6,23,24 Hence, in 

clinical neuropsychological practice it is important to have valid tests that can both measure deficits 

in these areas after brain injury and predict social problems in everyday life. Ideally, these tests 

should be able to differentiate such problems in neurological patients from normal performance in 

a non-neurological population. This is a challenge because there is also variability in social cognitive 

abilities within the healthy population, for instance in facial affect recognition.25-27 Furthermore, 

in healthy children and adolescents it has been found that better facial affect recognition was 

correlated to being more socially competent and being more popular.28-31 Factors of influence on 

facial affect recognition ability are gender32 and age.25,33 

At present, there are several tests for aspects of social cognition; however, they all use static 

stimuli. Although many of these tests are valid and sensitive to injury, their ecological validity has 

been questioned. For example, in a single case study, Adolphs, Tranel, and Damasio (2003) examined 

patient B., a patient with extensive bilateral brain lesions caused by Herpes simplex encephalitus.34 

Patient B. could not recognize any basic emotion other than happiness when static stimuli were 

used, but he was able to recognize the basic emotions anger, happiness, fear, surprise and sadness 

when dynamic stimuli were presented. Adolphs and colleagues (2003)34 concluded that distinct sets 

of neural structures are involved in emotion recognition depending on stimuli characteristics (static 

vs. dynamic). This finding is consistent with a functional imaging study35 which demonstrated that 

dynamic facial stimuli elicit increased activity in brain regions related to emotional processing and 

interpretation of socially relevant cues in contrast to static stimuli. Consequently, it seems likely that 

tests using dynamical stimuli are able to activate brain regions more similar to daily life experiences 

and possibly have larger predictive value for everyday social functioning than static stimuli. 

McDonald, Flanagan, Rollins, and Kinch (2003) developed The Awareness of Social Inference 

Test (TASIT) to assess social cognition.36 TASIT includes three subtests with videotaped dynamic 
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interactions. The first subtest, the Emotion Evaluation test (EET) addresses the recognition of basic 

emotions. In the second and third subtests (Social Inference- Minimal and Social Inference Enriched, 

respectively) aspects of ToM are measured. Specifically, participants have to differentiate between 

sarcasm and sincere behavior in part two and between sarcasm and lies in part three. TASIT has 

been shown to be valid and feasible in an Australian population.37 Moreover, TASIT was sensitive to 

social perception deficits in various patient groups, such as traumatic brain injury, schizophrenia, 

frontotemporal dementia, Alzheimer’s disease, and stroke.38 Because there was, as yet, no Dutch 

social cognition test with dynamic stimuli, we set out to develop a Dutch version of TASIT. In doing 

so, we considered the rather long administration time (60 -75 minutes) of the original TASIT a 

drawback. Patients with acquired brain injury are mentally fatigued easily and often face a limited 

mental processing load.39,40 Furthermore, the measurement of social cognitive deficits is often part 

of a more extensive neuropsychological investigation. In addition, because some neurological 

patients are in a recovery trajectory whereas others can deteriorate over time, there was a need for 

the development of parallel forms to measure changes over time without marked test-retest effects. 

Therefore, we developed two shortened parallel versions of TASIT, which might be feasibly included 

in an extensive neuropsychological test battery and allow for re-testing in order to measure changes 

over time. The aim of this study is to investigate the feasibility of the Dutch TASIT-short as a clinical 

assessment of social cognition, the comparability of the two forms, the influence of biographical 

factors and its validity and sensitivity.

METHOD

Participants 

Healthy participants. Ninety-eight healthy participants (48 male, 50 female) were recruited. 

Exclusion criteria for this study were: the presence (or history) of serious neurological or psychiatric 

disorders, or being a psychology student. Participants had a mean age of 33 years (SD = 14.4, range 

17-70). Education level was scored using 7 categories (Verhage, 1964). Median educational level was 

6 (40%), and ranged from 2: primary school (2%) to 7: university degree (26%).

Patient group. Sixteen patients with acquired brain injury (ABI) (thirteen male, three female) 

participated in this study: two brain tumor, nine traumatic brain injury (TBI) and five stroke. For the 

two patients with brain tumor, one had a tumor in the anterior part of the brain, while the other 

had the tumor in the posterior region. Patients with TBI were classified according to severity based 

on Glasgow Coma Scale, duration of Post-traumatic amnesia or judgment of the neurologist. Using 

these criteria, three TBI patients were classified as mild and six TBI patients as severe.41 Of the stroke 

patients, two had a left-sided stroke (1 hemorrhagic, 1 ischemic stroke) and three a right-sided 

stroke (2 hemorrhagic, 1 ischemic stroke). Time since ABI was on average 103 months (SD = 121), 

ranging from 7 months to 40 years. The ABI group had a mean age of 38.8 years (SD = 13.6, range 

21-64). Median educational level was 5 (50%) and ranged from 4 (lower vocational education: 13%) 

to 7 (university degree: 6%). These patients had been recruited to take part in a pilot study aimed 
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to explore the feasibility of a newly developed treatment for behavioral problems in the University 

Medical Center Groningen. Inclusion was based on proxy scores on the subscale Social Monitoring 

of the Brock Adaptive Functioning Questionnaire42, BAFQ-Social Monitoring > 12, M = 21.3, SD = 

4.1, range 13-28. The patient group did not differ significantly from the healthy group in terms of 

age t(112) = 1.4, p = .16 or educational level, t(112) = -1.7, p = .09, but did differ in male / female ratio, 

X2 (1, N = 114) = 5.8, p = .02. The pilot study was approved by the medical ethical committee of the 

University Medical Center Groningen, the Netherlands. Participants gave informed written consent 

and were treated in compliance with the 1990 Declaration of Helsinki and subsequent amendments.

Procedure

Ninety-eight healthy participants were assessed individually either at the University Medical Center 

Groningen, or at home. From the healthy control group, eighty-four participants completed the two 

parallel versions of TASIT- short (at random A-B, or B-A), with an interval ranging from 6 to 39 weeks 

(M = 12, SD = 8) between the two versions. Patients were assessed individually at the University 

Medical Center Groningen only once. Nine patients completed version A and seven patients 

completed version B. All tasks were administered in a fixed order. The administration time of the 

complete test battery was approximately 2 hours. 

Test Measures

The Awareness of Social Inferences Test.36 The original TASIT consisted of two parallel forms 

(TASIT-A, TASIT-B)  each with 51 vignettes, divided into three subtests. In the original TASIT, there 

were several identical scripts in the two forms, but the interactions could be different. For example 

actors enacted the script as sarcastic in form A and sincere in form B, and vice versa. For a detailed 

test description refer to McDonald et al. (2003).36 For the Dutch TASIT-short two parallel versions 

were developed (TASIT-short A, TASIT-short B) each including the first 31 of the original 51 vignettes. 

The original movie scripts were translated into Dutch. All vignettes depicted situations which were 

familiar for Dutch participants, and there was no need for (cultural) adjustments. The scenes were 

enacted by Dutch actors. For Part one (EET) 14 vignettes were included from the original 28. These 

encompassed two vignettes for each of seven emotional states: anger, disgust, fear, happiness, 

sadness, surprise and neutral. For Part 2 (Social Inferences Minimal, SI-M) nine vignettes (three 

sincere, three sarcastic, three paradoxical sarcastic) were included to keep the proportional ratio of 

paradoxical, sarcastic and sincere interactions comparable to the 15 vignettes in the original TASIT. 

Each vignette was followed by four questions about what the actor was doing, saying, thinking and 

feeling. For Part three (Social Inferences-Enriched, SI-E) eight vignettes (four lies, four sarcastic) were 

included from the 16 original. These scripts contained extra contextual cues to assist understanding. 

Comprehension of these vignettes was also tested using four questions (do, say, think, feel). Scores 

ranged from 0-14 (EET), 0-36 (SI-M) and 0-32 (SI-E). The overall score (sum of the three parts) ranged 

from 0-82. The administration time of TASIT-short (TASIT- A or TASIT- B) is approximately 35 minutes. 
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Other measures.

Facial Expressions of Emotion: Stimuli and Tests.43  The Ekman 60 faces test (FEEST) assesses emotion 

recognition of six basic facial emotions (happiness, anger, sadness, fear, disgust and surprise). Sixty 

pictures of faces of men and women44, ten of each emotion, were presented on a computer screen 

for a maximum of 5 seconds. Sub scores for each emotion ranged from 0-10 and the overall score 

ranged from 0-60. 

Strange stories Test.45 The Strange Stories Test (SS) assesses the capacity to derive characters’ 

intentions, thoughts and feelings from verbal stories.45 The task involves advanced inference and an 

appreciation of the mental state of others. After reading the eight stories aloud, participants were 

asked why the character in the story had said what he/she had said. Scoring was based on giving an 

inferential response and on whether the inference was correct. Scores ranged from 0-16. 

Brock Adaptive Functioning Questionnaire.42 For assessment of social functioning in daily life 

the Dutch translation of the Brock Adaptive Functioning Questionnaire (BAFQ) was used. The BAFQ 

is a 68-item self-report questionnaire designed to measure the frequency of difficulties manifested 

in everyday life on a five-point scale ranging from “almost never” to “very often”. It was completed by 

healthy participants and patients. The behavioral scales of the BAFQ were originally developed to 

assess orbital frontal lobe functioning.42 For this study the subscale Social Monitoring was used to 

measure social functioning in daily life. The scale includes 7 questions (min. score 7, max. score 35) 

which address daily situations like: “Do you pay attention to whether others are following what you 

are saying?” Higher scores on the BAFQ reflect poorer functioning.   

Adult Reading Test (NART).46 The NART was administered to measure premorbid intelligence 

(Dutch version NLV).47

Statistical Analyses 

Data analyses were carried out using SPSS for Windows, version 20. The skewed nature of the 

distributions precluded the use of parametric tests in TASIT-short subtests. Spearman’s correlation 

coefficients (two-tailed) were used to examine the relationships between demographic variables and 

the test results. The performances on both parallel forms were compared to measure similarity and 

test- retest capability. Mann-Whitney U tests were conducted to analyze comparability of emotion 

sub scores, social inference sub scores and total scores. Sequence effects were analyzed using the 

Wilcoxon Signed Rank Test for related observations. To determine concurrent validity TASIT-short 

was related to other social cognition tests. Spearman’s correlation coefficients (two-tailed) were 

used in TASIT subtests and Pearson’s correlation coefficients (two-tailed) were used in overall scores 

when the data was normally distributed. To determine ecological validity, TASIT-short results were 

correlated with a questionnaire measuring social functioning in daily life. In order to analyze TASIT-

short’s general sensitivity to neurological injury Mann-Whitney U tests were conducted to analyze 

comparability of the performance of the healthy group and a group of adults with acquired brain 

injury.       
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RESULTS

Comparability of Forms A and B – Overall Score TASIT-short

To examine comparability of the alternate forms, fifty-four healthy participants completed TASIT-

short form A and forty-four participants completed form B during the first assessment. In table 1 

the means and SDs on TASIT-short subtests are shown for the two groups. There was no difference 

between subtest total scores and the overall score on form A and form B, indicating that both forms 

were comparable with regard to their level of difficulty.   

Table 1. Comparability of TASIT-short A and TASIT-short B, Based on Means, Standard Deviations and Mann-
Whitney U Tests of the First Administration

Measure

Group 1
(n = 54)
Form A 
M (SD)

Group 2
(n = 44)
Form B
M (SD)

    Z                        p

EET
     Angry 1.9   (0.4) 1.6 (0.7)  -2.14 .03
     Disgust 1.9   (0.3) 1.7 (0.5)  -2.54 .01
     Happy 1.6   (0.5) 1.8 (0.4)   1.74 .08
     Fear 2.0   (0.2) 1.8 (0.4)  -2.07 .04
     Sad 1.4   (0.5) 2.0 (0.2)   5.60 .00
     Surprised 1.8   (0.4) 2.0 (0.2)   2.33 .02
     Neutral 1.7   ( 0.6) 1.6 (0.7)  -0.33 .74
     Total 12.2 (1.4) 12.4 (1.4)   0.75 .45
SI-M
     Sincere 9.8   (2.1)   9.4 (2.7)  -0.33 .74
     Simple sarcastic 9.7   (1.9) 10.2 (1.7)   1.19 .24
     Paradox. sarcastic 11.3 (1.0) 10.5 (1.6)  -2.30 .02
     Do 7.8   (1.0)  7.7 (1.1)   0.01 .99
     Say 7.5  ( 1.0)  7.4 (1.0) -0.67 .51
     think 7.5   (1.0)  7.3 (1.2) -1.04 .30
     Feel 8.0   (1.0)  7.7 (.9) -1.76 .08
     Total 30.8 (2.7)  30 (3.3) -1.10 .27
SI-E
     Sarcasm 12.9 ( 2.2) 10.9 (2.5) -4.04 .00
     Lies 12.9 ( 2.4) 14.6 (1.5)  4.05 .00
     Do   6.7 ( 1.1)   6.3 (0.8) -2.69 .01
     Say   6.4 ( 1.4)   5.6 (1.2) -2.95 .00
     Think   6.2 ( 1.1)   6.9 (1.2)  3.16 .00
     Feel   6.5 ( 1.3)   6.8 (1.1)  0.97 .33
     Total 25.8 ( 3.5) 25.5 (2.7) -0.93 .35
Overall score 68.7 (5.5) 68.0 (5.8) -0.77 .44

Note. TASIT-short = The Awareness of Social Inferences Test – short. EET = Emotion Evaluation Test; SI-M = Social 
Inferences-Minimal; SI-M Paradox. sarcastic = Social Inferences-Minimal paradoxical sarcastic items; SI-E = Social 
Inferences-Enriched. 
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Comparability of Forms A and B - subtests

Table 1 shows that for subtest EET no significant differences were found across the two forms with 

respect to the total scores although there were some differences on individual emotions. Items 

concerning the emotional expressions Angry, Fear and Disgust were perceived slightly better 

on form A compared to form B, whereas Surprised and Sad items were more difficult on form A 

compared to form B. The Happy and Neutral items were correctly perceived at a comparable level 

on both forms..

For Social Inference-Minimal (SI-M) table 1 shows that there are no significant differences 

between the alternate forms. The Sincere and Simple sarcastic items did not differ across the forms. 

The Paradoxical sarcastic items were more difficult for form B compared to form A. No significant 

differences were found on the “do”, “say”, “think” and “feel” questions between the two forms.

Social Inference- Enriched (SI-E) also yielded total scores that were comparable for form A and 

B. Analysis of the subcomponents showed that the Lie items were slightly easier on form B and the 

Sarcasm items were easier on form A. The “do” and “say” questions were slightly easier on form A and 

“think” questions were comprehended better on form B. The “feel” questions were answered at a 

comparable level over the two forms.

Influence Demographic Factors 

In table 2 Spearman correlations between the total scores on the EET, SI-M, SI-E and the demographic 

variables are depicted. There was no significant association between age and TASIT-short subtests 

or overall scores. Educational level was significantly correlated with performance on subtests EET 

on form B, and for SI-E on both forms. The overall scores of TASIT A and B were also correlated with 

education. For 78 healthy participants an estimation of intelligence was available. There was no 

significant correlation between intelligence and the TASIT- short subtests or overall scores, EET rs(76) 

= .15, p = .19, SI-M rs(76) = .12, p = .31, SI-E rs(76) = .01, p = .92, overall score rs(76) = .10, p = .36.

Sequence Effects in the Healthy Group 

Table 3 shows that for sequence A-B participants obtained a significantly higher overall score at the 

first measurement compared to the second, but for the sequence B-A no significant difference was 

found in the overall score. Moreover the performance on EET improved significantly for sequence 

A-B, but deteriorated significantly for sequence B-A. The mean performance on subtest SI-M 

was significantly lower on form B with prior exposure to form A. In particular there was a drop in 

performance on SI-M sincere items (on average -3.5 points) on form B. For sequence B-A no difference 

was found for subtest SI-M. Furthermore, for subtest SI-E no difference was found between both 

total scores irrespective of version sequence. However, lies were better comprehended in SI-E form 

B and sarcastic items were better comprehended in SI-E form A with no regard to version sequence. 

Overall performance on the alternate forms was moderately correlated, sequence A-B rs(42) = .45, 

p < .01, sequence B-A rs(38) = .34, p = .03. When time between administrations was corrected for, 
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performance on both forms was still moderately correlated: sequence A-B pr(42) = .39, p = .01, for 

sequence B-A pr(38) = .38, p = .02. 

Table 2. Spearman Correlations between TASIT-short A, TASIT-short B and Demographic Factors Age and 
Education

TASIT- short Form A (n = 54) TASIT- short  Form B (n = 44)
Variable EET                SI-M SI-E Overall score EET                SI-M SI-E Overall score
Age -.24     - .13  -.06   -.14    -.28    .04    -.12    -.12      
Education  .07          .21    .41**  .34*    .40**  .29     .35*     .43**     

Note. TASIT-short = The Awareness of Social Inferences Test – short; EET = Emotion Evaluation Test; SI-M = Social 
Inferences-Minimal; SI-E = Social Inferences-Enriched. * p < .05, ** p < .01 (two-tailed).

Table 3. Median differences for test-retest measurement by using alternate forms TASIT-short A and B, and 
Wilcoxon signed rank tests

                                                 Group 1 (n = 44)                                                           Group 2 (n = 40)
                                          1st Form-A  2nd Form-B                                               1st Form-B  2nd Form-A 

Measure Median Median Dif  Z p Median Median Dif Z p

TASIT-short
    EET    12    13 +1  3.24 .00 13 12 -1 -3.27 .00
    SI-M    31    28 -3 -3.63 .00 30 31 +1  1.09 .28
    Sincere    10.5    7    -3.5 -4.00 .00 10 9.5 -0.5  0.61 .54
    Sarcastic     9    11 +2  0.67 .50 11 10 -1 -0.98 .33
    Paradox. 
    sarcastic

   12    11 -1 -2.62 .01 11 11.5 +0.5  1.67 .10

SI-E    26    25 -1 -1.06 .29 25 25.5 +0.5  0.02 .99
   Lies    13    15 +2  3.30 .00 15 13 -2 -3.96 .00
   Sarcastic    13    12 -1 -3.73 .00 11 12 +1  2.77 .01
 Overall score    69    66 -3 -2.80 .01 69 68 -1 -0.52 .60

Note. TASIT-short = The Awareness of Social Inferences Test - short; EET = Emotion Evaluation Test; SI-M = Social 
Inferences-Minimal; SI-M Paradox. sarcastic = Social Inferences-Minimal paradoxical sarcastic items; SI-E = Social 
Inferences-Enriched.

Concurrent Validity 

Table 4 details mean scores for the healthy participants on the additional social cognitive measures 

and their correlations with TASIT short. Table 4 shows that for the total group (N = 98), a significant 

but moderate positive correlation was found between the FEEST and TASIT-short overall score. 

Despite this, no significant correlation was found between the scores on the FEEST and any of the 

TASIT short individual subtests. In an additional analysis, we selected those healthy participants 

who scored in the lowest quartile of the FEEST scores. For these 26 healthy subjects scores on the 

FEEST were strongly and significantly related to TASIT-short EET performance, rs(24) = .70, p < .001. 

A strong positive correlation was also found between the overall TASIT-short score and the Strange 

Stories. Moderate significant correlations were found between performances on Strange Stories 

and the subtests SI-M and SI-E. 
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Ecological Validity 

Table 4 shows a moderate negative correlation between the healthy group self-report scores on 

the social monitoring scale (BAFQ) and TASIT overall score on the first assessment. Furthermore, 

this relation appeared to be constant as there was also a strong negative correlation between the 

BAFQ social monitoring scale and the second TASIT assessment r(71) = -.42, p < .001.  In contrast, no 

significant relationship was found between the BAFQ social monitoring scale and either the FEEST 

or the Strange Stories test. We also examined the relationship between the BAFQ social monitoring 

scale and TASIT short (overall score) in the patient group. In this case no significant relationship was 

found, r(14) = -.13, p = .63.

Sensitivity - Comparison of Healthy Participants and Participants with ABI 

Table 5 shows that, overall, the ABI group performed significantly lower on TASIT- short compared 

to the healthy group (table 5), indicating that TASIT-short is sensitive to brain injury. The ABI group 

performed more poorly than controls on the EET and the SI-E but not the SI-M. 

Table 4. Means, Standard Deviations and Correlations for TASIT-short A&B First Assessment: FEEST, Strange 
Stories and BAFQ- social monitoring scale

                              TASIT-short FEEST Strange 
Stories

 EET            SI-M            SI-E           Overall

Measure N M (SD)    rs    rs    rs     r    r    r 

FEEST 98 49.5 (4.8)   0.19   0.18   0.16  0.29** - 0.24*

Strange Stories 74 14.1 (1.5)   0.35**   0.39**   0.26*  0.44** 0.24* -

BAFQ- sm 78 12.8 (3.0) -0.20 -0.20 -0.29** -0.31** -0.13 -0.17

Note. TASIT-short = The Awareness of Social Inferences Test – short; EET = Emotion Evaluation Test; SI-M = Social 
Inferences-Minimal;     SI-E = Social Inferences-Enriched; BAFQ- sm = Brock’s Adaptive Functioning Questionnaire - 
scale social monitoring. * p < .05, ** p < .01 (two-tailed). 

Table 5. Means, Standard Deviations and Mann-Whitney U Tests for the Healthy and Patient Group on TASIT- 
short A and B, First Administration

Measure Group N M (SD) Z P

TASIT-short

      EET Normal 98 12.3 (1.4) 2.01 .05

ABI 16 11.3 (2.4)

      SI-M Normal 98 30.4 (3.0) 1.49 .14

ABI 16 28.5 (4.4)

      SI-E Normal 98 25.7 (3.2) 2.90 .00

ABI 16 23.4 (2.1)

      Overall score Normal 98 68.4 (5.6) 2.66 .01

ABI 16 63.1 (7.1)

Note. TASIT-short = The Awareness of Social Inferences Test – short; EET = Emotion Evaluation Test; SI-M = Social 
Inferences-Minimal;   SI-E = Social Inferences-Enriched; ABI = acquired brain injury
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DISCUSSION

In the present study the feasibility of the Dutch short version of The Awareness of Social Inferences 

Test as a clinical test of social cognition was investigated, including its psychometric properties, its 

sensitivity to brain injury and its ability to predict real world social functioning. The Dutch version 

was based on a subset of the original scripts of TASIT36, and the scenes were re-enacted by Dutch 

actors. McDonald et al.36-38 found that TASIT was valid, reliable and sensitive for detecting poor social 

perception. Our study showed that this new version of TASIT was just as feasible and that the two 

alternate forms were as comparable to each other as the long Australian version. Overall, our results 

demonstrated that the Dutch TASIT-short is a valid and sensitive instrument for measuring social 

cognition. 

As expected, the alternate forms of the Dutch TASIT-short were of comparable difficulty. The 

three subtest total scores as well as the overall score were similar across both forms. Within subtests 

some differences were found in sub scores (e.g. types of emotions or interactions). Given the small 

number of items in each subtest this finding is not unexpected, but it indicates that subtest total 

scores as well as the overall score are the most reliable indications of social cognition. Furthermore, 

the differences in sub scores between alternate forms are in line with findings on the original TASIT 

with a broader range of items.36 This suggests that the shortened version of TASIT is comparable to 

the original version in its assessment capability, while the administration time is reduced by half.

Contrary to expectations, age had no impact on the scores of healthy subjects. On the other 

hand, significant correlations with education were found for nearly all subtests, indicating that more 

highly educated participants performed better. Since an intelligence measure was available for a 

subgroup of the healthy subjects, it was possible to examine the relation between intelligence and 

TASIT-short. As there were no significant correlations, it appears that intelligence does not play a 

large role in performance on the TASIT-short. This is on contrast  with the original TASIT37 where a 

relationship was found between intelligence and all three subtests. Given the association between 

TASIT short and education (and the original TASIT and intelligence), it is imperative that normative 

data is stratified to take into account levels of education.

Sequence effects for the alternate forms were analyzed with a mean time interval of twelve 

weeks. For sequence B-A no differences were found. However, for sequence A-B higher mean scores 

were found for the first administration compared to the second. Apparently, performance of subjects 

declined when they were exposed to form A before form B, whereas the reverse was not found. 

Analysis of the sub scores revealed that subtest SI-M contributed the most to the difference in the 

overall scores and, in particular, the items representing sincere situations were answered poorly. 

A possible explanation for the poorer performance on B after A might be that both forms used 

identical scripts that were enacted differently. Hence, healthy participants may have remembered 

sarcastic interactions (e.g. actors, situations) from the first assessment which biased their ability 

to interpret the same scripts enacted sincerely in the second assessment. Thus, the parallel forms 

may have been vulnerable to carry over effects. This may have been exacerbated by the relatively 
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short inter-test interval of twelve weeks (on average) which may have been too short for memory 

of the first measurement to have faded. In clinical practice, patients are usually retested after longer 

intervals, which we strongly recommend. Nevertheless, although the time interval was short, the 

decrement in performance was modest in relation to overall test scores. Consistent with this, the 

overall performances across alternate forms were just moderately correlated.

The moderate to strong positive correlations between the TASIT overall scores and the FEEST 

and Strange Stories indicate that TASIT-short has concurrent validity, converging with other tests of 

social cognition, that is, tests of emotion recognition and theory of mind. Despite this, correlations 

were low and non-significant between performances on the TASIT-short subtest for emotion 

recognition (EET) and the static emotion perception task. The results of the studies of Arsalidou 

and colleagues35 and Adolphs and colleagues34 shaped our expectation that the dynamic emotion 

recognition task of the TASIT (EET) and the static task might differ substantially. Nevertheless, we  

expected a moderate correlation based on what they have in common. Given no association was 

found we need to re-think the source of difference. It might be the case that the dynamic nature 

of the stimuli in the EET activated neuropsychological processes such as focused attention and 

information processing speed to a far greater extent than the static test. It is also plausible that the 

processes required for emotion recognition in daily life are more similar to the processes activated 

during TASIT-short administration than those activated during static tests. Given that the dynamic 

facial expressions in the EET are interwoven with intonational cues and context, these vignettes 

presumably represent greater validity than the static images. Further research is needed to determine 

which of these explanations hold. Another explanation is that there was a ceiling effect and thus 

insufficient variance in performance within our healthy group to allow associations to be revealed. 

Presumably, if the two measures were administered in a large patient group the variability would 

be larger, and this might reveal higher correlations. As one means to diminish the ceiling effect, 

we analyzed a subgroup of 26 healthy participants who scored in the lowest quartile on the FEEST. 

The performance of this subgroup was strongly positively related with the TASIT-short Emotion 

Evaluation Test (EET). This provided additional support for the concurrent validity of TASIT short 

and also its sensitivity for detecting poor emotion perception capacity. Hence, our expectation of a 

significant correlation between both emotion perception measures remains tenable. With respect 

to theory of mind, there was convincing support for the concurrent validity of the TASIT-short as we 

found significant correlations between the theory of mind task (SS) and the social inference subtests 

of TASIT-short.

There was a significant correlation between TASIT-short overall score and the BAFQ- social 

monitoring scale in our healthy group, indicating that better performance on the test went together 

with better social functioning in daily life. This provided evidence for the ecological validity of the 

task. This relation was constant over time given the correlation was also significant between the 

BAFQ-social monitoring scale and the second TASIT-short administration. In contrast, there was 

no significant correlation found between the BAFQ-social monitoring scale with the FEEST or the 
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Strange Stories test, i.e., unlike the TASIT short, these static tasks did not predict daily life social 

functioning.  Previous studies have shown that, even in subjects without neurological disorders, 

social cognition abilities and daily life social functioning vary and can be related to each other. For 

instance, in childhood and adolescence better facial affect recognition abilities are significantly 

related to being more socially competent and being more popular.28-31 Despite these correlations 

in the healthy sample, in the small patient group no significant relation was found between TASIT-

short and the BAFQ self-report measure. There are a number of possible explanations for this, 

including the important problem that some patients may lack sufficient insight to provide a reliable 

self-assessment of their social competence. In order to address this, future studies should include 

a larger group of patients with ABI and include a measure of social functioning completed by a 

significant other to circumvent lack of insight.

In line with previous findings regarding the sensitivity and validity of the original TASIT14,18,36,37, 

we found that the Dutch TASIT- short successfully differentiated between the healthy and ABI group 

on the overall score and the subtests EET and SI-E.  This sensitivity supports the use of TASIT-short 

for assessing deficits in social functioning in patients with ABI. This is an important finding because 

the shortened version has greater clinical applicability.

Despite these generally positive findings, there are a number of study limitations which need 

to be acknowledged. In the ABI group sixteen adults were included, which is a small sample size. 

It would be valuable to examine the sensitivity of TASIT-short to brain injury in a larger group of 

patients. In future research part SI-M should be examined carefully, because this part contributed 

the most to the difference in the A-B overall scores. It may be relevant to administer the same form 

twice to sort out the robustness of this finding and to provide greater insight into the test-retest 

reliability. Finally, the present study did not include measures of other cognitive functions (e.g. 

attention, information processing speed) to analyze the influence of these functions on TASIT-short 

performance.

Overall, considering the psychometric characteristics of TASIT-short as revealed in this study, we 

conclude that the Dutch shortened version of TASIT is a promising measure. TASIT-short provides 

an ecological valid, comprehensive and objective measurement of social cognition. Moreover, 

TASIT-short is relatively fast to administer. We conclude that TASIT-short can enhance assessment 

of social cognition in patients with acquired brain injury and can be considered to form a valuable 

supplement to a standard neuropsychological examination. 
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ABSTRACT        

Fear is an important emotional reaction that guides decision making in situations of ambiguity 

or uncertainty. Both recognition of facial expressions of fear and decision making ability can be 

impaired after traumatic brain injury (TBI), in particular when the frontal lobe is damaged. So far, it 

has not been investigated how recognition of fear influences risk behavior in healthy subjects and 

TBI patients. The ability to recognize fear is thought to be related to the ability to experience fear 

and to use it as a warning signal to guide decision making. We hypothesized that a better ability 

to recognize fear would be related to a better regulation of risk behavior, with healthy controls 

outperforming TBI patients. To investigate this, 59 healthy subjects and 49 TBI patients were assessed 

with a test for emotion recognition (Facial Expression of Emotion: Stimuli and Tests) and a gambling 

task (Iowa Gambling Task (IGT)). The results showed that, regardless of post traumatic amnesia 

duration or the presence of frontal lesions, patients were more impaired than healthy controls on 

both fear recognition and decision making. In both groups, a significant relationship was found 

between better fear recognition, the development of an advantageous strategy across the IGT 

and less risk behavior in the last blocks of the IGT. Educational level moderated this relationship 

in the final block of the IGT. This study has important clinical implications, indicating that impaired 

decision making and risk behavior after TBI can be preceded by deficits in the processing of fear. 
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INTRODUCTION

In social situations human information processing capacity is to a large extent taken up by the 

processing of emotional information that is crucial for making adequate decisions.1-3 In situations 

of uncertainty or risk, fearful stimuli are processed fast, making quick and adaptive responses 

possible.4-6 Fear can be defined as an immediate, emotional reaction to perceived stimuli in the 

environment that signal danger, threat or high risk. Subjectively, it can be experienced as a feeling 

of uncertainty or lack of control in a current situation.7,8 Expressions of fear on other people’s faces 

can indicate the presence of an important, yet undetermined source of danger or threat within 

the environment. Meta-analyses in healthy subjects showed that the ability to recognize fear from 

faces is influenced by gender and age: females outperform males and older subjects perform poorer 

than younger subjects.9,10 Furthermore, of all basic emotions, fearful facial expressions appeared 

the most difficult to identify.11 A pending question is to which extent the ability to perceive fearful 

expressions of others is related to the ability to make adequate decisions in ambiguous or risky 

situations. This question, already interesting in healthy subjects, becomes even more salient for 

patients with traumatic brain injury (TBI) who are often impaired in recognizing emotions, among 

which fear, and have difficulty regulating behavior.11-17 Both adequate processing of fear and 

adaptive regulation of behavior have been found to rely on intact functioning of the amygdala and 

prefrontal cortex.18-21 After TBI, lesions in the prefrontal cortex are common, both focal and diffuse.22 

Focal prefrontal lesions have been related to impairments in emotion recognition.13,23 Diffuse injury 

to the brain outside the prefrontal cortex has also been found to impair facial emotion perception 

abilities, probably due to the disconnection of critical brain areas.24-26 

Studies from different fields suggest that the experience of emotions is an important process 

linked to emotion perception. Theories of ‘embodied cognition’ state that facial emotion perception 

involves perceptual, somatovisceral, and motoric re-experiencing of the relevant emotion in one’s 

self.27 In a study with healthy subjects, the ability to recognize facial emotions of others was indeed 

related to the level of interoceptive sensitivity.28 Furthermore, neuroimaging experiments show that 

similar brain circuits are activated when people observe emotions of others and when they feel 

these emotions themselves.29 With regard to fear, a significant relationship between the ability to 

identify fearful faces and the subjective experience of fear has been found in different psychiatric 

patient groups.30-34 Croker & McDonald found that in patients with TBI, poorer performance on an 

emotion matching task was related to a reduction of the ability to experience fear after brain injury.35 

Furthermore, emotion recognition abilities have been related to self- or proxy ratings of emotional 

and behavioural problems and to ratings of social integration after TBI.12,36

A frequently used task to measure risky decision making is the Iowa Gambling Task (IGT).37 The 

IGT requires the subject to maximize profit on a loan of play money. Participants must choose from 

four decks of cards and each card selection leads to monetary gains, but may also lead to losses. 

Based on recurrent feedback, subjects have to learn which decks are ‘risky’ and ‘safe’ in the long 

run. Emotionally-based physiological signals, so called ‘gut feelings’, are thought to unconsciously 
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influence decision making in the IGT, before explicit knowledge of the task becomes present.37,38

The first trials of the IGT are thought to measure decision making under ambiguity, while in the 

later trials decisions are made under known risk.39,40 Patients with TBI in general and with frontal 

lesions in particular, often continue choosing the decks which have greatest risk of losing money 

and fail to develop an advantageous strategy over time.16,37,41-45 It has been hypothesized that these 

patients might be unresponsive for (future) negative consequences and are controlled by the 

immediate prospects of a card selection. Hence, their behavior is not guided by an emotional and 

bodily ‘gut feeling’ that warns for possible negative outcomes.37,38 Although patients with TBI can 

be impaired in both emotion recognition and affective decision making, to date, no studies have 

focused on whether these two processes are related. Studies conducted in other patient groups, 

patients with Parkinson’s disease and individuals with abstinence after substance dependence, 

found significant positive correlations between overall emotional facial recognition and decision 

making in the IGT.46,47 A study on the impact of emotional context congruency on decision making 

under ambiguity in healthy subjects found that in subjects in the congruent test condition, i.e. 

the presentation of fearful faces after losses in the IGT, advantageous choices improved across 

the IGT. This was in contrast to subjects in the incongruent test condition, i.e. fearful faces shown 

after rewards, in which decision making on the IGT did not improve.48 However, this study by Aite 

and colleagues used emotional congruency as a between-subjects factor, but did not address the 

relationship between the ability to identify fearful faces and choice behavior across the IGT. To 

date, it has not been investigated in healthy subjects  how the ability to recognize fear is related 

to affective decision making, and to which extent there are differences with regard to sex and age. 

Previous studies found poorer performance on the IGT for female subjects and older subjects.49,50 In 

the present study we want to investigate in both healthy participants and patients with moderate to 

severe TBI how the ability to recognize fear influences the ability to learn from negative and positive 

feedback in a gambling task, taking into account possible influences of age, gender and educational 

level. In patients, the influence of the severity of the TBI and the impact of frontal lesions are 

analyzed. First of all, we expect patients with TBI to be more impaired than healthy controls on both 

fear recognition and affective decision making. For both groups, we expect an advantageous effect: 

a better recognition of fear will be related to a better regulation of risk behavior. It is hypothesized 

that subjects with poor recognition of fear, indicating a decreased ability to experience fear, will be 

less able to use fear as a signal to avoid disadvantageous choices. Greater injury severity and frontal 

damage are expected to negatively influence performance. Furthermore, it is questioned whether 

the recognition of fear influences decision making under ambiguity or whether it is related to more 

deliberate risk behavior. To investigate this, fear recognition will be related to risk behavior in the 

different phases of the IGT. To investigate if the identification of fear is most important for decision 

making and risk behavior, first, fear recognition ability is related to the course of choices in the IGT 

together with the ability to recognize other basic emotions. 
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METHODS

Ethics statement 

The ethical committee of the University of Groningen approved of the collection of data of healthy 

volunteers. Assessment of TBI patients was part of the inclusion procedure for a study on behavioral 

sequelae after TBI, which was approved by the medical ethical committee of the University Medical 

Center Groningen, the Netherlands. All participants gave informed written consent prior to study 

inclusion for their information to be used for research, and were treated in accordance with the 

declaration of Helsinki.

Participants  

The patient group consisted of 49 moderate to severe TBI patients. At the time of assessment, all 

patients were outpatients who were seen in the sub-acute or chronic stage for clinical follow-up by 

the trauma neurologist or the rehabilitation physician of the University Medical Center Groningen. 

Clinicians referred patients for assessment of behavioural and social cognitive deficits.

TBI patients were included if they were free from neurological conditions other than TBI, 

psychiatric conditions and substance abuse pre- or post-injury. Mean age of the 49 patients was 

44.6 years (SD=13.5, range 20 to 68 years). The group consisted of 38 male and 11 female patients. 

Mean educational level was 5.1 (SD 1.0, range 3-7 on a 7-point scale ranging from 1) primary school 

only to 7) university level). There was no significant relationship between age and educational level 

of TBI patients (rho=-.05, p=.71). For 43 patients data were available concerning the duration of Post 

Traumatic Amnesia (PTA); the mean PTA duration was 25.9 days (SD 25.1), with a range from 1 to 112 

days. For 25 patients Glasgow Coma Scale scores were available, ranging from 3 to 15, with a mean 

of 8.6 (SD 4.0). Of 42 patients imaging data (MRI or CT) with regard to frontal damage was available: 

27 patients had visible lesions to the frontal lobe, while 15 patients did not have frontal lesions. 

Mean time since injury (TSI) was 104.8 months (SD 103.3), with a broad range of 4 to 402 months.  

Normal healthy volunteers participated in the study, matched to patients based on age, gender 

and educational level. They were recruited through newspaper advertisement and from social 

networks of the investigators. They were free from alcohol or drug abuse, and had no psychiatric or 

neurological history. Data were collected from 59 participants, 37 men and 22 women. Mean age of 

the group was 43.5 years (SD 1.9, range 20 to 70 years). Mean educational level was 5.4 (SD 1.1, range 

2-7). Age of control subjects appeared to be negatively related to their educational level (rho=-.31, 

p=.02). Patients and healthy controls did not differ significantly in age (t=-.31, p=.76), distribution of 

educational level (Kolgorov Smirnov Z= 1.2, p=.13) or distribution of gender (X2=2.8, p=.10). 

Measures

Decision making was assessed using the Iowa Gambling Task (IGT). The current Dutch computerized 

version of the IGT is an implementation based on the original description.37 Participants are placed 

behind a computer screen showing 4 decks of cards. The starting amount of money in the gambling 
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task is 2000 euro. Participants must draw a card from one of the 4 decks and each card selection 

leads to monetary gains, but may also lead to losses. Participants are instructed to make the highest 

profit as possible at the end of the task. The instructions also include a ‘hint’ about the nature of the 

decks and inform explicitly that ‘some decks are worse than others’ and that ‘by staying away from 

worst decks subjects can win’. Deck A and B are ‘risky’ and will eventually lead to a loss of money 

and deck C and D are ‘safe’ and will lead to profit. The frequency and magnitude of gains and losses 

differ for each deck and must be learned by the participant during the task. See Table 1 for the 

exact payoff structure of IGT used in the present study. On the computer screen feedback is given 

after each draw and shows the total amount of loss (in red) and profit (in green), the total previous 

amount of money and the current total amount of money.

Table 1. Payoff scheme of the Iowa Gambling Task

Deck A Deck B Deck C Deck D

Amount of gain per trial € 100 € 100 € 50 € 50

Possible amount of loss per trial € 150 - € 350 € 1250 € 50 € 250

Gain/Loss frequency (10 trials) 5:5 9:1 5:5 9:1

Number of net losses (10 trials) 5 1 5 1

Long-term outcome (10 trials) - € 250 - € 250 € 250 € 250

Cards are drawn 100 times. For each 20 draws, the number of cards drawn from advantageous decks 

(C+D) are subtracted from the number of cards chosen from the disadvantageous decks (A+B) 

resulting in 5 net block scores. 

Recognition of basic emotions (happiness, fear, surprise, disgust, anger, sadness) was measured 

using the Ekman 60 Faces Test from the Facial Expression of Emotion- Stimuli and Tests (FEEST).4,51 

The score on the recognition of fear (range 0 to10) was the primary measure used in the present 

study. 

Statistical analyses

The course of performance in the IGT was analyzed using General Linear Model, Repeated Measures 

Analyses, with Difference contrast and Group as a Between-subjects variable. Box’ test was used to 

test the homogeneity of variance-covariance matrices assumption which was always met. When 

the assumption of sphericity was not met, a Greenhouse-Geisser correction was applied. When 

variances were equal, Bonferroni post-hoc procedure was used, with unequal variances Games-

Howel post-hoc test was applied. When patients and healthy controls were compared, T-tests were 

used for parametric data and Mann-Whitney U tests for ordinal data. Pearson’s correlation was used 

for parametric data and Spearman’s rho for ordinal data. The influence of emotion recognition 

on IGT performance was analyzed with GLM Repeated Measures, with net block scores (CD-AB) 

and choices B as outcome measures. Fear, Anger, Sadness, Disgust, Happiness, Surprise, Age and 

Educational level were entered as covariates; Group and Gender were used as Between-subjects-
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factors. These analyses were subsequently performed with Fear as emotion recognition covariate 

together with the covariates age and educational level. Group and Gender were entered as Between-

subjects-Factors. In analyzing the course of net block scores and the course of choices for deck B in 

TBI patients, duration of PTA and TSI were entered as covariates, while the presence/absence of 

frontal lesions was entered as Between-subjects-factor. Alpha levels were two-tailed with p <. 05. All 

statistical analyses were performed with IBM SPSS Statistics 20.

RESULTS

Decision making on the IGT

Table 2 shows means and standard deviations for the total number of draws for each deck for TBI 

patients and healthy controls. Calculated across the 100 trials of the IGT, healthy controls most often 

chose deck D, followed by deck B, deck C and deck A. Patients most often choose deck B, followed 

by deck D, deck C and deck A. Patients and controls only differed significantly in their choices  for 

deck B (t=-3.0, p=.004). Patients with and without frontal lesions did not differ in their total number 

of choices for deck B (t=.19, p=.85). PTA duration was not significantly related to the total number 

of choices for deck B (r=.17, p=.26). TSI was not related to the total number of choices for deck B 

(r=.06, p=.69). Healthy controls had earned a mean of 133 euros at the end of the IGT (ranging from 

-1850 loss to +2150 profit), while TBI patients had lost a mean of 290 euros (ranging from -2800 loss 

to +1450 profit), a significant difference (t=2,4, p=.02). In healthy controls higher age was negatively 

related to profit on the IGT (r=-.37, p=.004), while age was not significantly related to profit on the 

IGT in TBI patients (r=-.04, p=.77). In both healthy controls and TBI patients, males and females did 

not differ significantly in their profit on the IGT (controls: t= -.66, p=.51; patients: t=-.10, p=.92). 

Educational level had a small and non-significant positive relationship with profit on the IGT in both 

groups (controls rho=.25, p=.06, TBI rho=.23, p=.11). PTA duration was not significantly related to 

profit on the IGT in TBI patients (r=-.17, p=.27). TSI was not significantly related to profit on the IGT 

(r=-23, p=.13). TBI patients with and without frontal lesions did not differ significantly in profit on 

the IGT (t=-.06, p=.95). 

Table 2. Mean (SD) total IGT deck draws and final IGT profit for TBI patients (n=49) and healthy controls (n=59).

Deck A  Deck B Deck C Deck D Final amount 

Controls 14.9 (7.7) 29.3 (14.1) 25.2 (19.6) 30.6 (18.1) 2133 (901)

Patients 14.3 (6.9) 37.8 (16.0) 21.8 (14.6) 26.0 (14.1) 1710 (946)

Repeated measure analysis on the 5 net block scores (C+D – A+B) of the IGT showed an overall 

increase of positive net block scores from block 1 to block 5 (F (3.5, 366.5)=3.2, p=.02) for both 

patients and healthy controls (Block*group, F(3.5, 366.5)=0.5, p=.74). Healthy controls and TBI 

patients differed significantly in their performance on the IGT (F= (1, 106) =5.4, p=.02). Healthy 

controls made more advantageous choices than TBI patients in Block 3 (F(1,106)=3.9, p=.05), while 

this difference just did not reach significance in block 5 (F(1,106)=3.5, p=.07).    
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Age appeared to influence the course of net block scores in both patients and controls (Block*age, 

F(3.5,362)=2.6, p=.05; Block*age*group, F(3.5, 362)=.71, p=.57). Educational level or gender did 

not significantly interact with course of net block scores (Block*education, F(3.4,358 )=1.6, p=.17; 

Block*gender, F(3.4, 358)=1.9, p=.12) in both healthy controls and TBI patients (Block*gender*group, 

F(3.5, 345)=1.2, p=.29), Block*education*group, F(3.5, 345)=.32, p=.84). 

In TBI patients, PTA duration (Block*PTA, F (3,121)=.34, p=.79), TSI (Block*TSI, F(3,133)=.46, p=.71) 

and the presence of frontal lesions (Block* Front, F(3,119)= .10, p=.96) did not affect the course of 

net scores from block 1 to block 5. See Figure 1 for the course of net block scores of healthy controls 

and TBI patients on the IGT. 

Figure 1. Course of net block scores in the IGT for healthy controls (n=59) and TBI patients (n=49)

Emotion recognition  

Table 3 shows mean FEEST emotion recognition scores of healthy controls and TBI patients, with 

healthy controls having significantly higher scores than patients on fear recognition (t=2.0, p=.05), 

anger recognition (t=3.0, p=.003) and total FEEST score (t=2.6, p=.009).

In healthy controls, women had significantly higher scores on fear recognition than men (women 

M=7.3, SD=2.1, range 3-10, men M=5.9, SD= 2.5, range 1-10, t=-2.2, p=.03). Healthy females were 

significantly better than healthy males in recognizing anger and disgust (Anger: women M=8.9, 

SD=1.5, men M=7.7, SD= 1.9, t=-2.5, p=.02; Disgust: women M=8.0, SD=2.0, men M=6.8, SD= 2.0, 

t=-2.2, p=.03). In addition, total FEEST scores were significantly higher in healthy females than in 

healthy males (women M=50.6, SD=4.5, men M=45.7, SD= 5.5, t=-3.5, p=.001).

In healthy controls, higher educational level was significantly related to higher fear recognition  

(rho=.26, p=.048), higher anger recognition (rho=.37, p=.004), higher recognition of disgust 

(rho=.30, p=.02) and higher total FEEST score (rho=.44, p=.000). Age was significantly related to total 

FEEST score, with higher age related to poorer emotion recognition (r=-.26, p=.05).

In TBI patients, there were no significant differences between men and women in the recognition 

of the six basic emotions.  Age of patients was not significantly related to emotion recognition.  
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Higher educational level was significantly related to higher fear recognition ability (rho=.37, p=.01) 

and to poorer recognition of surprise (rho=-.35, p=.02).  PTA duration was not significantly related 

to emotion recognition ability. TSI was not significantly related to emotion recognition, except 

for a significant positive correlation between TSI and recognition of anger (r=.38, p=01). Mean   

emotion recognition scores of patients with (n=27) and without (n=15) frontal lesions did not differ 

significantly.  

 
Table 3. Mean (SD) emotion recognition scores for the six basic emotions and the total score of the FEEST for 
healthy controls (n=59) and TBI patients (n=49).

 Happiness Fear Disgust Anger Surprise Sadness Total 

Controls 9.8 (.50) 6.4 (2.4) 7.2 (2.1) 8.1 (1.8) 9.0 (1.0) 7.0 (1.8) 47.5 (5.6)

Patients 9.7 (.74) 5.5 (2.6) 6.8 (2.4) 7.0 (2.1) 8.7 (1.4) 6.4 (2.1) 44.2 (7.3)

Emotion recognition and advantageous decision making

Repeated measure analysis on the influence of emotion recognition ability on the course of net 

block performance (A+B – C+D) in the IGT showed that fear recognition was significantly related 

to the course of decision making in the IGT (Block* Fear F (3.5, 337) =3.2, p=.02). Recognition of 

anger (Block*Anger F (3.5, 337)=.69, p=.58), disgust (Block* Disgust F (3.5, 337)=.78, p=.52), 

happiness (Block*Happiness F (3.5, 337)=1.2, p=.33), sadness (Block*Sadness F(3.5, 337)=.44, 

p=.75), and surprise (Block*Surprise F (3.5, 337)=.72, p=.56) were not significantly related to the 

course of decision making on the IGT. Three way interactions with block, emotions and group were 

not significant, indicating no differences in the influence of emotion recognition on the course of 

decision making for healthy controls and TBI patients. Three way interactions with demographical 

variables (gender, age and educational level), block and emotions showed no significant effects, 

Fear recognition and advantageous decision making

Both fear recognition and decision making were significantly worse in TBI patients compared to 

healthy controls. In healthy controls, but not in TBI patients, fear recognition correlated significantly 

with total profit on the IGT (controls, r=.31, p=.02, TBI, r=.16, p=.27). Fear recognition scores were 

related to the course of net block performance (A+ B - C+D) in the IGT for both healthy controls 

and TBI patients. GLM repeated measure analyses showed a main effect of block (F (3.5, 308)=3.3, 

p=.01), an interaction between fear recognition and the course of net block score (Block*Fear 

F(3.5, 308)=5.9, p=.00) but no interaction between course, fear and group (Block*Fear*Group F(3.5, 

308)=1.1, p=.38). Thus, fear recognition ability significantly interacted with the course of choice 

behavior in the IGT in healthy controls and patients. Post-hoc contrast showed the interaction 

between fear and choice behavior in the IGT to be significant in block 4 (Block 4 vs previous, 

Block*Fear, F(1,104)=4.3, p=.04) and block 5 (Block 5 vs previous, Block*Fear, F(1,104)=15.2, p=.000). 

This effect was similar for both groups (Block 4 vs previous, Block*Fear*Group, F(1,104)=.05, p=.83; 

Block5 vs previous, Block*Fear*Group, F(1,104)=2.1, p=.15). Higher fear recognition ability was 
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related to more advantageous choices in the last blocks of the IGT in both healthy controls and TBI 

patients. 

Age was significantly related to the course of net block scores in the IGT for patients and 

controls.  Age, however, did not interact significantly between fear recognition and net block scores 

in the IGT (Block*Fear*Age, F(3.6, 368)=2.0, p=.10). Educational level was positively related to fear 

recognition ability in patients. Educational level also interacted with fear recognition and net block 

scores in the IGT (F(3.6,366)=2.8,p=.03), which appeared to be similar for patients and controls. 

Contrasts showed that this interaction effect was present in the last block of IGT (Block 5 vs previous, 

Block*Fear*Education, F(1,102)=4.6, p=.04). When age was also entered into this model, it did not 

appear to significantly moderate the relationship between educational level and fear recognition 

(Block*Fear*Education*Age, F(3.6,363)=2.0, p=.10)

Fear recognition ability was significantly better in female compared to male controls. Gender, 

however, did not interact significantly between fear recognition and course of IGT net block scores 

(F(3.5, 365)=2.1, p=.09). This was found in patients and healthy controls (Block*group*gender*fear 

F(10.5, 347)=1,5, p=.13). 

Fear recognition and risk behavior

With regard to risky choices, healthy controls and TBI patients differed significantly in the amount of 

total choices for deck B. See Fig 2 for the course of choices of Deck B of the IGT for both patients and 

controls. GLM Repeated measure analysis showed no overall effect of block (Block, F(3.5, 374)=2.1, 

p=.09) a significant effect of group (F (1, 106)=8.7, p=.004),  with no significant difference for the 

course of choices for deck B between patients and controls (Block*group, F(3.5, 374)=.68, p=.59). TBI 

patients did significantly chose deck B more often than healthy controls in block 4 (t=-2.1, p=.04) 

and block 5 (t=-2.7, p=008).

Repeated measure analysis on the influence of emotion recognition ability on the course of 

choices for deck B  in the IGT showed that only fear recognition was significantly related to the 

course of choices of deck B (Block* Fear F (3.6, 346) =4.5, p=.002). Recognition of anger (Block*Anger 

F (3.6, 346)=1.6, p=.19), disgust (Block* Disgust F (3.6, 346)=.45, p=.76), happiness (Block*Happiness 

F (3.6, 346)=.78, p=.53), sadness (Block*Sadness F(3.6, 346)=.74, p=.55), and surprise (Block*Surprise 

F (3.6, 346)=.28, p=.88) were not significantly related to the course of choices for deck B on the IGT. 

Three way interactions with block, separate emotions and group were not significant, indicating no 

differences in the influence of emotion recognition on the course of choices for deck B for healthy 

controls and TBI patients.

Analyzed as a separate emotion, fear recognition ability significantly interacted with the course 

of choice behavior of deck B in both patients and controls (Block*Fear, F(3.7, 380)=7.3, p=.000; 

Block*Fear*Group, F(3.7,380)=.54, p=.69). Post-hoc contrast showed that fear recognition interacted 

with choosing deck B in block 3 (Block 3 vs previous, Block*Fear, F(1,104)=12.8, p=.001) and block 

5 of the IGT (Block 5 vs previous, Block*Fear, F(1,104)=13.9, p=.000). This interaction was similar 
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in patients and healthy controls. Further analyses showed a negative correlation in both groups, 

with higher fear recognition abilities related to choosing deck B less often (Block 3, Controls: r=-.27, 

p=.03, TBI: r=-.32, p=.02; Block 5, Controls: r=-.57, p=.00, TBI : r=-.31, p=.03).

Age did not interact significantly with the course of choices for deck B (Block*age, F(96,156)=1.3, 

p=.10), nor with fear recognition and the course of choices for deck B (Block*fear*age, F(96,156)=1.1, 

p=.33). Educational level interacted with the course of choices for deck B (Block*Education, F(3.7, 

370)=2.5, p=.05), but there was no significant three-way-interaction between educational level, 

fear recognition and the course of choices for deck B (Block*Fear*Education, F(3.7,370)=2.1, p=.09). 

Gender was neither related to the course of choices for deck B (Block*Gender, F(3.6,371)=1.4, 

p=.25), nor did it show an interaction between fear recognition and course of choices for deck B 

(Block*Fear*Gender, F(3.6,371)=1.2, p=.32).

In TBI patients, the presence of frontal lesions was neither related to the course of choices for deck 

B (Block*Lesion, F(3.0,123,5)=0.1, p=.95) nor did it show an interaction between fear recognition and 

choices for deck B (Block*Fear*Lesion, F(3.0,117.9)=.11, p=.95). PTA-duration was not related to the 

course of choices for deck B (Block*PTA, F(3,124)=.29, p=.83). Also, PTA-duration did not interact with 

fear recognition ability in influencing the course of choices for deck B (Block*Fear*PTA, F(3,121)=1.4, 

p=.25). TSI was neither related to the course of choices for deck B (Block*TSI, F(2.9,99)=.62, p=.60) 

nor did it interact with fear recognition ability in influencing the course of choices for deck B 

(Block*Fear*TSI, F(2.9, 95)=.81, p=.49). 

Fig 2. Course of number of choices for risky deck B in the IGT for healthy controls (n=59) and TBI patients (n=49) 
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DISCUSSION 

This is the first study that investigated and indeed found a relation between facial fear recognition 

ability and gambling behavior in both healthy subjects and patients with moderate to severe TBI. 

In both groups, a higher ability to recognize fear, but not a higher ability to recognize other basic 

emotions, was related to the development of a more advantageous strategy and to the course 

of risky choices across blocks in the IGT. As expected, patients with TBI were significantly more 

impaired in recognizing fear from faces than healthy subjects.13-15 Moreover, TBI patients on average 

lost money on the IGT, while healthy subjects made profit. Regardless of injury severity, almost 80% 

of the TBI patients appeared not to develop a preference for profitable decks (net block score > 10), 

which is very similar to other studies in TBI patients.16,41,45,52,53

In both TBI patients and healthy controls decision making on the IGT was related to the ability 

to perceive fear. This relationship between perception and action is thought to be mediated by 

the ability to subjectively experience fear.27,28 A recent study showed that poorer facial affect 

recognition and higher alexithymia, the ability to identify and describe feelings, were indeed related 

after TBI.54 One of the mechanisms underlying subjects’ ability to experience emotions of others is 

mimicry.55,56 Similar brain regions are involved in the detection of emotional facial expressions and in 

the activation of facial muscles necessary for the expression of that specific emotion.57 Furthermore, 

experimentally blocking facial mimicry in healthy subjects can selectively impair the recognition 

of an emotional expression.58 After TBI, patients can show a reduced mimicry of facial expressions, 

particularly for negatively valenced emotions.59,60 In healthy subjects, females exhibit greater facial 

mimicry than males when viewing expressions of others.61,62 Decision making guided by experienced 

emotions will be preceded by important processes like attending to and identification of emotional 

signals.63 Greater interoceptive ability, as measured by more adequate attention to cardiac signals, 

has been related to better decision making on the IGT in healthy subjects.64,65 Furthermore, the 

ability to experience feelings more intensely was related to higher decision making performance 

in a stock investment simulation task. In this experiment, healthy subjects who were better able to 

differentiate negative feelings achieved higher decision making performance, which was mediated 

by an enhanced ability to regulate the influence of their emotions on decision making.63 However, 

the specific impact of the experience of fear on decision making was not examined in this stock 

investment study. In the present study, we found recognition of fear, and not the recognition of 

other basic emotions, to be associated with overall decision making and with risk behavior on the 

IGT. According to Zeelenberg and colleagues (2008) each specific emotion has its own motivational 

goal, creating a unique effect on behavior. In line with the present results, they state that the 

avoidance of danger or risk is the motivational goal of fear.66

In the present study, we also investigated in TBI patients and healthy controls whether fear 

recognition influences decision making under ambiguity or whether it is related to more deliberate 

behavior. Maia and McClelland (2004) identified three levels of awareness in the IGT.40 At the lowest 

level (0) participants have no conscious knowledge about the profit or loss of decks (block 1). At 
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Level 1, participants do show a conscious preference for advantageous decks, but do not have 

explicit knowledge about the pay-off structure (block 2). At Level 2, participants have gained this 

knowledge and can use it to explain their preference for the good decks. Most explicit awareness 

is present at the end of the task, in block 5. Our findings show that in both healthy controls and 

TBI patients better fear recognition is significantly related to advantageous choices in the last two 

blocks of the IGT, indicating that fear can be consciously used as a signal to choose advantageously. 

This ability appeared superior for those patients and controls who were more highly educated. This 

suggests that affective and cognitive abilities interact in influencing deliberate decision making 

behavior.67 Evans (2011) describes the dual-process theory of reasoning in which two distinct types 

of reasoning compete in decision making: an intuitive-heuristic form of reasoning, independent 

from working memory or cognitive ability and a slower, executive-analytic from of reasoning that 

does heavily depend on cognitive ability.68 Both abilities appear necessary to gain insight in and to 

learn the pay-off structure in the IGT.

In the current study, fear recognition was not only related to overall decision making in 

both groups, but in particular to risky choice behavior at the end of the IGT. In both TBI patients 

and control subjects we found that fear was explicitly used as a warning signal not to choose 

disadvantageously. Heilman and colleagues (2010) also found in healthy subjects that explicit use 

of fear was related to risk behavior in the IGT.69 In the study by Heilman, subjects were asked to 

reappraise fear. When subjects reduced the experience of this negative emotion, they subsequently 

showed more risk taking in the IGT. In our study, the relationship between fear and choosing risky 

deck B was significant in block 3 and block 5 of the IGT. This suggests that, in line with Maia and 

McClelland’s model, emergent knowledge with regard to the risk of losing money is tested, before it 

is used explicitly.40 This also fits the dual process theory of reasoning, in which intuitive and analytic 

reasoning interact.68 

As expected, we found that TBI patients performed more poorly on the IGT than healthy controls. 

Originally, the IGT was developed to assess deficits in affective decision making after ventromedial 

prefrontal cortex (VMPFC) damage.38 However, we found no effect of the presence of frontal lesions 

on the course of net block performance, which is in line with several studies that found impaired 

performance on the IGT after TBI in general, implying that this is not exclusively limited to patients 

with frontal damage.16,41,42,70 Frontal processes can be impaired without focal frontal lesions, by the 

disruption of underlying networks.71

In both healthy controls and TBI patients, a negative effect of age on net block performance 

on the IGT was found. Performance on the IGT is based on localized but also on distributed mental 

information processes such as memory functioning, which are sensitive to age.16,50,72 We did not find 

gender to affect the course of net block scores, although in previous studies in healthy subjects 

a female disadvantage on the IGT has been described. 49,73 Similar to previous studies, we found 

healthy females to be better in recognizing fear than healthy males.9 In both male and female 

healthy controls, the ability to recognize fear was significantly related to the amount of profit on 
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the IGT.

According to Yechiam and colleagues (2005) different psychological components can underlie 

poor performance on the IGT, including a motivational tendency to attend to gains, a learning 

process to attend to recent outcomes and a response tendency with poor consistency of choices.52 

With regard to deck choices in the IGT, we found that TBI patients only differed from healthy subjects 

in choosing risky deck B more often, a difference that became significant at the end of the IGT. Deck B 

results in the greatest losses, but can also yield the highest immediate rewards, which might attract 

the attention of patients. The course of choices in the IGT, however, did not differ between patients 

and controls. This suggests that TBI patients do show some learning in the IGT, but have a delayed 

learning rate compared to healthy controls. Studies in healthy subjects showed that learning on the 

IGT is not completed after 100 trials and performance on the IGT can be enhanced with the addition 

of extra trials.74,75 If this is the case for healthy controls, probably TBI patients would also benefit from 

more trials in the IGT. Bonatti and colleagues (2008) suggest that optimal learning in the IGT is based 

on both flexibility and stability of choices. In their study, TBI patients showed reduced flexibility and 

stability in their choices, reflecting the influence of executive functioning on performance on the 

IGT.45 In the current study, higher fear recognition was related to less risk behavior in TBI patients 

in block 3 of the IGT. Nevertheless, they showed greater risk taking than healthy controls in the 

following blocks. This suggests that TBI patients were less able to consistently guide their behavior. 

The current results show that poorer recognition of fear is one of the underlying factors.

The present study design has some limitations. Fear recognition and risk behavior were 

measured, with the assumption that a better identification, experience and regulation of fear 

underlies behavior. It would have been valuable to additionally measure the ability of subjects to 

experience and appraise fear, either by questionnaires or by physiological measures. This might also 

give more insight into the specific deficits in the experience of fear in TBI patients. The advantage 

of the inclusion of an emotion recognition task is, however, that it allows objective measurement. 

Different from questionnaires, its responses do not depend on patients’ insight, which can also 

be impaired after TBI. The patient group used in the current study is a selection of patients with 

moderate to severe injury and behavioral difficulties. It is important to also analyze this relationship 

in a larger and more heterogeneous sample of TBI patients. The majority of the TBI patients in this 

study was male, and the inclusion of more female patients is preferred. In a greater sample of male 

and female patients, gender differences with regard to the influence of fear recognition on decision 

making can be analyzed in greater detail and with more power. However, male dominance is a 

characteristic of the TBI population.76

In conclusion, the most important finding of the present study is that fear recognition is related 

to deliberate choice and risk behavior in both healthy controls and TBI patients suggesting strongly 

that deficits in behavior are preceded by deficits in emotion processing. This is a clinically relevant 

finding because deficits in emotion processing might be the target of research and treatment for TBI 

patients with risky and inappropriate behavior. So far, only few studies have investigated the effect 
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of training of underlying deficits in emotion processing in TBI patients.15,77,78 A recently conducted 

randomized placebo-controlled trial showed that, even in chronic TBI, facial affect recognition 

skills can be improved.78 In line with theories on the motivational function of specific emotions, 

the current study suggests that it is valuable to extent research beyond the valence of emotions 

and to focus on the impact of specific emotions on specific behavior.63 In clinical practice, deficits in 

emotion processing, especially in the processing of fear, should be taken into account in TBI patients 

with difficulty regulating their behavior in complex situations. 
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ABSTRACT

Objective: This study evaluates the contribution of measures for social cognition (SC), executive 

functioning (EF) and dysexecutive behavior to the statistical prediction of social and vocational 

participation in patients with traumatic brain injury (TBI), taking into account age and injury severity.

Method: Sixty-three patients with moderate to severe TBI participated. They were administered a 

semi-structured Role Resumption List for social (RRL-SR) and vocational participation (RRL-RTW). EF 

was measured with planning- and switching tasks. Assessment of SC included tests for facial affect 

recognition and Theory of Mind (ToM). Dysexecutive behavior was proxy-rated with a questionnaire. 

Additionally, healthy controls were assessed with the same protocol.

Results: Patients with TBI performed significantly worse on tests and had significantly more 

behavioral problems compared to healthy controls. Hierarchical multiple regression analyses for the 

TBI group revealed that SC accounted for 22% extra variance in RRL-RTW and 10% extra variance in 

RRL-SR, which was significant over and above the amounts of variance explained by EF, dysexecutive 

behavior, age and injury severity

Conclusions: Our findings underline the added value of measures of SC and dysexecutive behavior 

in the prediction of social and vocational participation post-TBI. In particular, impairments in ToM, 

and dysexecutive behavior were related to a lower participation making them important targets for 

rehabilitation.   
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INTRODUCTION

Traumatic brain injury (TBI) is a major cause of mortality and disability1,2, with worldwide 10 million 

new cases annually.3 In particular moderate to severe TBI results in a wide range of emotional, 

cognitive and behavioral sequelae4-6, with a negative impact on long-term participation7,8. 

Participation refers to people’s societal roles, including the maintenance of social relationships 

and vocational functioning.9 Many patients who have sustained moderate to severe TBI encounter 

problems in the resumption of social and vocational roles and may become socially isolated.10,11 

Therefore, it is important to find the predictors of an unfavorable outcome and to identify patients 

at risk for participation problems at an early stage. Such a prediction entails an analysis of clinically 

relevant variables in regression models, with the purpose of allowing the prediction of forthcoming 

problems. This allows timely intervention treatment or counseling aimed at preventing an 

unfavorable outcome.

The majority of the studies investigating long-term outcome following TBI have focused on 

personal and environmental predictors like age, pre-injury unemployment, pre-injury substance 

abuse, or injury severity.12,13 These variables have been found to be significant predictors of outcome 

in regression models.14,15 Adding cognitive measures of information processing speed, memory and 

executive functioning (EF) to injury severity and demographic predictors was found to significantly 

increase the strength of outcome prediction models.8,16,17 In particular, deficits in executive function 

have been identified as important barriers to work and societal participation post-TBI.16,18,19 Since 

executive functions are crucial for effective goal-setting, planning and switching, they enable 

adaptation to novel and complex everyday life situations.20 Two studies reported that EF explained 

a unique part of the variance in work and functional outcome post-TBI16,18, as well as in social 

integration.21 There is increasing evidence that in addition to cognitive and executive deficits, 

impairments in social cognition are also frequent in moderate to severe TBI.22-25 Social cognition 

(SC) refers to the processing of social information and includes the ability to perceive social cues, 

for instance facial emotional expressions. It also entails the understanding of the mental states of 

others, that is, their thoughts, feelings and intentions, also referred to as Theory of Mind (ToM).26,27 

Both, emotion recognition and ToM can be measured with specific tests. In a growing number of 

studies it has been found that social cognitive information processing skills, measured with tests 

for emotion recognition and ToM, are related to inadequate psychosocial behavior following TBI.28-30 

Hence, it seems plausible that the presence of such behaviors may also influence work and societal 

participation negatively. To date, only one study investigated the impact of  social cognition deficits 

on participation. Ubukata and colleagues found that impaired ToM was a significant predictor of 

incomplete self-reported functional outcome.31 However, studies that investigate the extent to which 

different aspects of SC are related to different domains of participation (work, social reintegration), 

and in particular, that compare the predictive value of these measures to usual measures of EF, are 

lacking

Furthermore, Struchen and colleagues (2011) found that self-perceived social communication 
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and behavioral problems contribute significantly to self-reported poor functional and social 

integration outcome after TBI.21 This suggests that in addition to tests for EF or SC, measures of 

problematic daily life behaviors may also be relevant indicators of participation problems. Baddeley 

and Wilson (1988) introduced the term ‘dysexecutive syndrome’ which describes the behavioral 

changes that used to be associated with damage to prefrontal brain areas.32 The dysexecutive 

syndrome includes both, difficulties in planning and organization that are likely the result of EF 

impairments, as well as changes in social and interpersonal behavior that might be a consequence 

of impaired social cognition. In particular, behavior can be described by excess and by default. 

Damage to the frontal convexity might be at the root of egocentricity, lack of initiative, and planning 

deficits whereas orbitofrontal damage gives rise to emotion regulation deficits, resulting in agitation, 

disinhibition, irritability, and loss of social norms.33,34 A well-known instrument to measure these 

dysexecutive behaviors is the Dysexecutive Questionnaire (DEX).35 The DEX consists of a self-report 

and proxy-rated version. As poor self-awareness is frequently seen in patients with TBI, including 

ratings of the patients’ dyexecutive behavior in everyday life by a significant other seems crucial.36,37

The present study was conducted to investigate the predictive value of tests for EF and SC as 

well as of a questionnaire for dysexecutive behaviors, for social and vocational participation in the 

chronic stage after moderate to severe TBI. Our aim was to establish whether measures of emotion 

recognition and Theory of mind had added predictive value beyond the value of measures of proxy-

rated dysexecutive behavioral problems and EF, after controlling for age and injury severity.

 

METHODS

Ethics statement

This study was part of a prospective multicenter randomized controlled trial (RCT) aimed at  

evaluating behavioral changes following TBI, approved by the medical ethical committee of the 

University Medical Center Groningen, the Netherlands (METc2011.094) and registered with study ID 

ISRCTN81350364. All participants gave informed written consent prior to study inclusion, granting 

permission to use personal information for research purposes, and were treated in accordance with 

the declaration of Helsinki.

Participants and procedure

The patient group consisted of 63 participants with TBI (51 male, 12 female). A total of 52 of them had 

previously been admitted to the Neurology or Rehabilitation department at the University Medical 

Center Groningen (UMCG) and 11 had been treated in two other Dutch rehabilitation centers. 

Neurologists or rehabilitation physicians referred patients with behavioral problems or suspected SC 

impairments as part of a routine follow-up after neuropsychological testing. Eligible candidates (a) 

had an age between 18 and 65 years, (b) had sustained a moderate to severe traumatic brain injury, 

(c) were outpatients in the subacute and chronic phase, (d) had no severe cognitive comorbidity (i.e., 

amnestic syndrome, global aphasia, neglect or dementia), (e) had no serious psychiatric disorders 
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(i.e., depression) or other neurological diagnoses, (f ) were eligible for rehabilitation treatment and 

(g) suffered from impairments in social cognition as indicated by defective scores on the FEEST44 

and /or behavioral changes as indicated by proxy-ratings on the Dysexecutive Questionnaire.35 All 

patients underwent neuropsychological assessment at the hospital or rehabilitation center. This 

assessment included a semi-structured interview with a neuropsychologist, measuring the levels 

of social and vocational participation, tests for SC and EF, and a questionnaire for dysexecutive 

behavioral functioning. A proxy of the patient (life partner, family member, or friend) completed 

the Dysexecutive questionnaire. The participants with TBI were classified according to the Mayo 

classification.38 This classification is either based on the Post-traumatic amnesia (PTA) duration, 

initial Glasgow Coma Scale score (GCS) or imaging data. The imaging data had been used to help 

identify patients with a suspected mild TBI, for whom no reliable PTA or GCS score was available and 

who had to be excluded from this study. Using these criteria, 24 patients with TBI were classified as 

moderate and 39 as severe. For 57 patients data about the duration of the Post Traumatic Amnesia 

(PTA) were available; mean PTA duration was 32.4 days (SD 41.1), with a range from 1 to 182 days. To 

classify the 6 patients without a PTA score, GCS scores or imaging data (interpreted by a neurologist 

) were used for classification. Of all patients, 43 had survived a traffic accident (68%), 19 a fall (30%) 

and 1 a non-violent external force (2%). Mean time since injury was 105 months (SD=103) on 

average, ranging from 6 months to 35 years. The TBI group had a mean age of 42 years (SD=13, 

range 18-64). Median educational level was 5 (39%) on a scale ranging from 1 (primary school drop-

out) to 7 (university degree).39

In order to assess whether patients had impairments in SC, EF and dysexecutive behavior we 

tested for differences between the scores of patients with TBI and the scores of two separate healthy 

control groups who had taken part in earlier studies at our department.40,41 Exclusion criteria for these 

healthy controls were (a) the presence (or history) of severe neurological or psychiatric disorders, (b) 

being a psychology student. The two healthy groups were separately matched with the patients 

for age, education and gender. The first group consisted of seventy-two healthy controls, for whom 

test scores for SC and proxy-ratings on the DEX questionnaire were available; these controls had a 

mean age of 45.0 (SD 15.4), mean educational level of 5.2 (SD 1.3) and a male/female ratio 68/32. 

Chi-square and t tests showed no significant differences with the TBI patients with respect to: male/

female ratio X2 =0.42; p = .52, age t (134) = -.91, p = 0.36, educational level t (134) = 1.27, p = 0.21. In 

the second healthy control group, forty-five controls had completed the tests for EF. In this group 

mean age was 47.1 (SD 11.8), mean educational level 5.3 (SD 0.9) and male/female ratio 67/33. 

Again, no differences were found with the TBI patients for male/female ratio X2 =2.75; p = .10, age 

(106) = -1.85, p = 0.07 and educational level t (106 ) = -1.50, p = 0.14 respectively.

  

Measures 

Social and Vocational Participation 

The Role Resumption List (RRL)42 assesses changes in the amount and the quality of roles in different 
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domains of everyday life. It is based on a semi-structured interview. In the present study, we used 

two RRL sub-scales: Return To Work (Participation RTW)43 and Social Roles (Participation SR)42. Both 

domains were rated by an assessor who was blind for test and questionnaire results. For Participation 

RTW ratings were given on a 5-point scale  (0 = full return to former job/study, 1 = return to former 

job/study, but with lower demands (i.e. less tasks, less working hours), 2 = working on a lower level, 

3 = working in a protected environment, and 4 = no work or study at all). Participation SR ratings 

were also given on a 5-point scale with the following steps: 0= no change at all in social relations, 

1 = no change in social relations, but with lower intensity or frequency, 2 = some change or loss in 

social relations and, 3 = poor ability to maintain social relations and serious loss of social relations, 

4= inability to maintain social relations at all. 

Social cognition

Emotion recognition. The Facial Expressions of Emotion: Stimuli and Tests (FEEST)44, is a test for 

facial emotion recognition (happiness, anger, surprise, fear, disgust, and sadness). Sixty pictures are 

shown for 3 seconds each. Sub-scores for each emotion can range from 0-10 and the overall score 

ranges from 0-60

Theory of Mind. The Cartoon Test (CT)45 is a test for ToM measuring the ability to infer mental states. 

The participant is asked to describe the joke that the cartoonist intended to convey in the pictures. 

The ability to understand first (non-ToM cartoons) and second order beliefs (ToM cartoons) is 

assessed. Answers are rated on a 4-point scale (0-3 points), with a total score ranging from 0 to 36. 

The short version of the Faux Pas (FP) test23,46 measures the detection of a “faux pas” (a social blunder) 

in 10 short stories, of which 5 contain a faux pas. Discovering whether a faux pas was committed 

(and if so, recognizing by whom) is scored and forms the FP detection score, ranging from 0 to 10. 

Executive function

Planning. The Zoo Map Test, a subtest of the Behavioral Assessment of Dysexecutive Syndrome 

(BADS)47, measures planning and problem-solving.48,49 The Zoo Map Test is ecologically valid 

and predicts executive daily life behavior.48,50 Participants are instructed to plan a visit to specific 

locations on a map. The test requires the generation of complex planning strategies and must be 

carried out following several restricting rules. The maximum score is 16 and the minimum score can 

be lower than zero. 

Switching. The Controlled Oral Word Association Test (COWAT)51 is a verbal task intended to measure 

verbal fluency and executive control. Participants are asked to generate as many words as possible 

that begin with a specific letter (D-A-T, K-O-M or P-G-R), while in the meantime they have to comply 

to three rules. Abwender and colleagues (2001) have stressed the importance of switching ability 

in verbal fluency tasks since it includes the ability to create clusters, alter search criteria and switch 

from one cluster to the next.52 The total number of words generated across three trials (one minute 

per trial) was calculated.
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The Trail Making Test (TMT)53 is a paper and pencil task for EF. Completion time for Part B (TMT-B) was 

used as a measure of cognitive flexibility. In TMT-B, numbered as well as lettered circles have to be 

connected in ascending sequence while alternating between the two, by  drawing lines.54 

Dysexecutive behavior

To measure dysexecutive behavior, a proxy-questionnaire for participants’ behavioral functioning in 

everyday life was administered. The Dysexecutive Questionnaire (DEX)35 measures the presence of 

executive and social behavioral symptoms in everyday life. Answers are given on a five-point Likert-

type scale, from 0 = “never” to 4=”very often” (range 0-80). The proxy-questionnaire was filled-in by 

life partners, family members or friends, for the patients with TBI as well as for healthy controls. A 

prerequisite for filling in the DEX-proxy was frequent contact with the participant, preferably on a 

daily base. 

Statistical analysis

Spearman correlation coefficients (two-tailed) were calculated to examine the relationships 

between predictor and outcome variables and to examine the relationship between time since 

injury (TSI) and measures for SC and dysexecutive behavior. Univariate statistics (means and 

standard deviations for continuous variables and frequencies and percentages for categorical 

variables) were used to describe the participants’ sociodemographic characteristics. Chi-square 

tests were used to test whether social and vocational participation differed across gender. To 

test for differences between the group with TBI and the healthy groups, T-Tests were used when 

assumptions for parametric tests were met, whereas Mann-Whitney U tests were performed in case 

of skewed distributions. Subsequently, to reduce the number of variables, composite scores were 

created by calculating Z-scores, correcting these for direction and adding the transformed Z-scores 

for the two EF-Switching tasks (Letterfluency, TMT-B), resulting in a single EF-Switching variable. The 

same procedure, without correction for direction, was applied to two tests for ToM (Cartoons Test, 

Faux Pas Test), resulting in the variable SC-ToM. Spearman correlation coefficients were calculated 

to analyze the relationship between tests within the SC domain and between tests within the EF 

domain. Two separate series of hierarchical multiple regression analyses were conducted for the 

outcome variables (RRL-RTW, RRL-SR). For each outcome variable in the first block, injury-severity 

(dummy variable, 0= moderate TBI, 1= severe TBI) and age were entered. In the second block the 

EF predictors were added, whereas in the third block dysexecutive behavior (DEX-proxy) and in the 

fourth block social cognition (emotion recognition, SC-ToM) were entered.   
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RESULTS

Differences between patients with TBI and healthy controls 

Patients with TBI performed significantly poorer than healthy controls on all measures of SC and EF 

(Table 1). Further, proxies of patients with TBI reported significantly more behavioral problems on 

the DEX compared to the proxies of healthy controls. 

Table 1. Means, Standard Deviations and Independent Samples T- tests, for the Patient Group with TBI and 
Healthy Controls on tests for EF and SC, and behavioral ratings. 

Measure    Patient group                   Control group

M (SD)     M (SD)      T/ Z p (two-tailed)

SC
  FEESTa 44.0 (7.3) 47.9 (4.9)  - 4.28 < .001

 Cartoons Test a 18.0 (6.6) 23.1 (6.4)  - 5.69 < .001

Faux Pas Test a 8.8 (1.3) 9.3 (0.9)  - 2.27 .025

EF
 Zoomap Test b 11.4 (4.4) 13.2 (3.2)     2.11 .035

 Letterfluency b 32.1 (10.8) 41.7 (11.9)  - 4.38 <.001

 TMT-B b 77.2 (27.8) 55.7 (17.1)  - 4.28 <.001

Dysexecutive behavior
  DEX-proxy b 33.3 (10.4) 16.01 (10.7)     9.51 <.001

Note. FEEST: Facial Expressions of Emotion Stimuli and Tests. DEX-proxy: Dysexecutive Questionnaire- proxy 
ratings. TMT-B: Trailmaking Test- part B. a patient group n=63; healthy controls n= 72, b patient group n=63; 
healthy controls n=45.

Correlations between TSI and test results, and within the SC and EF domain 

In the patient group, time since injury was significantly correlated with the FEEST (Rs 0.26, p = 0.04), 

but not with the other measures: Cartoons Test (Rs -0.12, p = 0.35), Faux Pas Test (Rs -0.06, p = 0.62), 

DEX-proxy (Rs 0.13, p = 0.32), Letterfluency (Rs 0.16, p = 0.22), Zoo Map Test (Rs -0.24, p = 0.06) or 

TMT-B (Rs 0.20, p = 0.12). 

Within the SC domain, scores on the FEEST were significantly correlated with the Faux Pas Test (Rs 

0.35, p <0.01), but not with the Cartoons Test (Rs 0.17, p = 0.19). The Cartoons Test was significantly 

correlated with the Faux Pas Test (Rs 0.32, p = 0.01). Within the EF domain, the Letterfluency was 

significantly correlated with the TMT-B (Rs -0.27, p = 0.04), but not with the Zoo Map Test (Rs 0.22, p = 

0.09). Scores on the Zoo Map Test were not significantly correlated with the TMT-B (Rs -0.19, p = 0.13). 

 

Level of participation

Percentages for Participation RTW levels per score were as follows: 0 = 11%, 1 = 19%, 2 = 16%, 3 = 

11%, 4 = 43%, with a median score of 3 (IQR 3). Eighty-nine percent of the patients with TBI did not 

return to their former level of work or study. For Participation SR the median score was 2 (IQR 0), with 

the following percentages per score: 0 = 0%, 1 = 19%, 2 = 59%, 3 = 22%, 4 = 0%. Not a single patient 

returned to the previous level of social functioning.  
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Correlations between participation and relevant measures 

As shown in Table 2, there were significant positive correlations between Injury severity and both 

participation measures, indicating that having sustained a severe TBI was related to a lower social 

and vocational participation score. A poor SC-ToM score and more behavioral problems, as rated 

by DEX-proxy, were both found to be significantly correlated with lower social and vocational 

participation. Age and EF measures showed no significant correlations with both participation 

measures. 

                                      RRL-RTW           RRL-SR

Injury Severity   0.31*   0.29*

Age   0.14 - 0.06

FEEST   -0.29* - 0.07

SC-ToM -0.41** - 0.44**

DEX-proxy  0.26*   0.31* 

EF-switching  -0.13 - 0.19

EF-planning   0.07 - 0.07

Table 2. Spearman correlations between injury severity, age, SC, behavior, EF and both participation measures

Note. FEEST: Facial Expressions of Emotion Stimuli and Tests. SC-ToM; Theory of Mind (Cartoons Test and Faux 
Pas test), DEX-proxy: Dysexecutive questionnaire – proxy rated. EF-switching: Executive functioning-Switching 
(TMT-B and Letterfluency), EF-planning: Executive functioning – planning (Zoomap Test), RRL-RTW: Role 
Resumption List – subscale Return To Work (Rs), RRL-SR: Role Resumption List – subscale Social Relations (Rs). * p 
<0.05, ** p <0.01

Multiple regression analyses 

In Table 3, the results of the hierarchical multiple regression analyses with vocational participation 

(RRL- RTW) as dependent variable are displayed. In block 1, injury severity and age were entered in 

the regression model, accounting for 13% of the variance. In block 2, both EF variables were added 

to the model, accounting for 2% additional variance. In block 3, DEX-proxy was added, accounting 

for a significant 10% extra variance. In block 4, the full model, the social cognition measures FEEST 

and SC-ToM were added. These predictors accounted for an additional significant 21% of the overall 

explained variance in vocational participation (RRL-RTW). In sum, this full model explained 46% of 

the variance in the patients’ level of vocational participation (F[7,55]= 6.718, P = <0.001). Significant 

predictors in this full model were SC-ToM, Age, DEX-proxy, Injury Severity and EF-planning. Injury 

severity appeared to be a stable predictor, accounting for a significant amount of variance across the 

four blocks. The predictors Age and EF-planning accounted for a unique significant part of variance 

only when entered together with the SC and behavioral variables (block 4). Patients with a higher 

SC-ToM score, lower DEX-proxy score, younger age, moderate TBI and lower EF planning score had 

a lower RRL-RTW score indicating better vocational functioning.

Table 4 shows the results of the hierarchical multiple regression analyses with social participation 

(RRL-SR) as dependent variable. In block 1, injury severity and age were entered, accounting 
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Table 3. Hierarchical Multiple Regression Analysis on vocational participation (RRL-RTW), by Injury severity, 
Age, EF, behavior and SC

Model 1 Model 2   Model 3   Model 4

Blocks of 
predictors B β p< B β p< B β p< B β p<

1st block:  

   Injury severity 1.03 0.34 0.006  1.04 0.34 0.007  0.99  0.33 0.006  0.73  0.24 0.029

   Age   0.02     0.18      0.140  0.02 0.18 0.163  0.04  0.32 0.018  0.04  0.35 0.004

2nd block: EF

   EF-planninga  0.18 0.13 0.303  0.19  0.14 0.244  0.31  0.23 0.038

   EF-switchingb -0.08 -0.09 0.496 -0.03 -0.04 0.774  0.22  0.24 0.059

3rd block: 

   DEX-proxy  0.66  0.34 0.009  0.65  0.33 0.003

4th block: 

   FEEST -0.21       -0.17 0.140

   SC-ToM c -0.42       -0.47 0.001

∆R2 (R2 change) 13.4%, p < 0.05 15% (2%), p < 0.05 25% (10%), p < 0.01 46% (21%), p < 0.001

Note. a Zoomap Test, b composite score TMT-B and Letterfluency, FEEST: Facial Expressions of Emotion Stimuli and 
Tests, c SC-ToM: Theory of Mind (composite score Happé Cartoons and Faux Pas test), DEX-proxy: Dysexecutive 
questionnaire – proxy rated.

Model 5 Model 6   Model 7   Model 8

Blocks of predictors     B      Β p<    B    β p<     B    β p<     B   Β p<

1st block: 

   Injury severity      0.38     0.29   0.023   0.38   0.29 0.024   0.36   0.27 0.026   0.22  0.17 0.174

   Age −0.01 −0.32   0.797 −0.01 −0.10 0.437   0.01   0.03 0.845   0.01  0.05 0.708

2nd block: EF

   EF-planninga −0.02 −0.04 0.768 −0.02 −0.03 0.816   0.03   0.05 0.663

   EF-switchingb −0.08 −0.21 0.119 −0.06 −0.16 0.216 −0.01 −0.01 0.988

3rd block:   

   DEX-proxy   0.26   0.31 0.020   0.27   0.32 0.012

4th block: 

   FEEST    0.02        0.04 0.781

   SC-ToM c −0.16      −0.40 0.007

∆R2 (R2 change) 9%, p= 0.065 13% (5%), p=0.078 21% (8%), p= 0.016 32% (10%), p = 0.003

Note. a Zoomap Test, b composite score TMT-B and Letterfluency, FEEST: Facial Expressions of Emotion 
Stimuli and Tests, c SC-ToM: Theory of Mind (composite score Happé Cartoons and Faux Pas test), DEX-proxy: 
Dysexecutive questionnaire – proxy rated.

Table 4. Hierarchical Multiple Regression Analysis on social participation (RRL-SR), by Injury severity, Age, EF, 
behavior and SC
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for 9% of the variance. In block 2, EF-planning and EF-switching were added, accounting for an 

additional 5% of variance. In block 3, DEX- proxy was added, accounting for an extra significant 8% 

of the variance. In the full model (block 4), when FEEST and SC-ToM were added, 10% of additional 

significant variance in social participation was accounted for. In sum, the full model explained 

32% of the variance (F[7,55] = 3.610, P = .003). The only significant predictors in this full model were 

the scores on SC-ToM and DEX-proxy. Injury severity was the only predictor that accounted for a 

unique significant part of the variance in the first and second block, whereas it did not contribute 

significantly to the final model when social cognitive and behavioral measures had been entered. 

So, a higher SC-ToM score and a lower DEX-proxy score predict a lower RRL-SR score, indicating a 

higher level of social participation.  

DISCUSSION

To date, this is the first study revealing that social cognitive impairments as well as dysexecutive 

behavioral problems are significant predictors of lower social and vocational participation in patients 

with a moderate to severe TBI in the subacute and chronic stage. Strikingly, the full prediction 

model, including ToM and behavioral predictors, added a unique significant amount of variance 

over and above models with biographical and injury related variables (age, injury severity) and 

EF measures only. Several studies have reported that executive dysfunction is the major predictor 

for poor productivity or long-term outcome16,18,19, but we found that adding measures for proxy-

rated dysexecutive behavior and social cognition (in particular ToM) each significantly increase 

the amount of variance explained. This underlines the importance of including such measures of 

social cognition and behavioral problems in neuropsychological assessment, as they are likely to be 

relevant indicators of a negative long-term outcome.

Our  TBI group had impairments in SC and EF, performing significantly worse than healthy 

controls on all tests. This result is consistent with earlier findings.23 As expected, proxy-ratings for 

behavioral problems were significantly higher in the patient group than in healthy controls. Thus, we 

found that our group of patients with moderate to severe TBI was seriously impaired on all aspects 

of EF, SC and dysexecutive behavior. In the TBI group, there were no systematic effects for time since 

injury as we only found a weak correlation with emotion recognition. With regard to the composite 

scores, significant correlations were found between the tests for ToM and between the tests for 

switching, which justified both aggregates. Furthermore, scores on the participation measure (the 

RRL) showed that 89 % of the patients had not fully returned to their previous vocational level and 

nobody in the patient group had attained to their previous level of social functioning. However, for 

both measures there was some variability with regard to the extent of incomplete vocational or 

social participation.

So far as vocational participation is concerned, we found that adding measures for ToM and 

for dysexecutive behavior accounted for a significant proportion of variance. It seems likely to 

assume that an inadequate understanding of the thoughts and feelings of others, as well as the 
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presence of inadequate or inappropriate behavior may contribute to interpersonal conflicts in work 

situations.55,56 Yeates and colleagues (2016) for instance, recently reported that patients’ ability for 

mentalizing was a crucial factor for obtaining appraisal from work colleagues.57 In addition, executive 

functioning, in particular planning skills, emerged as a significant predictor in the full model as well. 

However, in the regression formula high scores on this variable were associated with lower levels of 

vocational participation. This seemingly contradictory result cannot be interpreted in isolation but 

should be combined with the effect of other predictors. Moreover, EF-planning was not a significant 

contributor when combined with Age and Injury severity only. Nevertheless, some previous studies 

have found significant effects of EF measures in the prediction of participation, but until now these 

effects have never been compared with the predictive value of measures for SC and behavioral probl

ems.16,18,19 Our findings strongly suggest that  measures of  social cognition and behavioral problems 

are more powerful predictors of vocational participation than measures of EF. This is an important 

finding, given that the ability to return to a previous vocational level is a crucial component of 

overall participation and is of paramount importance in the relatively young TBI population.58-60 This 

means that measures of social cognition, in particular ToM, and dysexecutive behavior, should be 

incorporated in early neuropsychological assessment. This may allow the identification of eventual 

risk factors for low vocational participation. Further, we found that severity of injury was a significant 

predictor of lower vocational participation across all regression blocks, as may be expected. Age has 

repeatedly been found to be a significant predictor of outcome as well.13,14 In our study, however, 

age was non-significant in the first blocks for prediction of vocational participation. It only reached 

significance in the full model, where it can be conceived as a moderator of the effects of tests for EF 

and SC, both known to be influenced by age differences.

As for social participation, we found that it was also significantly predicted by social cognition 

and dysexecutive behavior, accounting for a unique portion of variance beyond age, injury severity 

and EF. This finding is as relevant as the findings regarding vocational participation, given that 

social participation is one of the most important aspects of community integration.61 This is not 

surprising, since social cognitive abilities and appropriate behavior are prerequisites for successful 

engagement in social contacts and the maintenance of relationships. These are in turn important 

aspects of quality of life and experienced caregiver burden. Ryan and colleagues (2016), for 

instance, report that victims of a TBI with an impaired ability to understand other people’s mental 

and emotional states are experienced by their proxies as more distressing.62 This is in line with our 

finding that both a negative judgment by proxies of patients’ behavior as well as an impaired ability 

of the patient to understand others, are negative determinants of patients’ ability to resume social 

roles and relationships. Facial affect recognition, however, was not significantly correlated with 

social participation, nor a significant predictor in the multiple regression analysis. Although it is well-

known that the ability to recognize facial emotional expressions is an important aspect of social 

cognition, we conclude that this ability is not decisive in social participation after TBI. Apparently, 

the ability to use this information to understand others (ToM) is more essential. This is in line with 
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results from studies that found training of emotion recognition to be effective in itself, though it 

did not result in better social outcomes.63,64 Furthermore, injury severity was a significant variable 

in the first and second block of the prediction of social participation, indicating poorer social 

participation for the patients with a severe TBI, in line with previous studies. Wells and colleagues 

(2009), for instance, found that injury severity accounted for 15 percent of the variance in social 

participation outcomes when analyzed together with age and environmental factors as predicto

rs.13 However, in our study, after entering the behavioral and SC variables neither injury severity 

nor EF were significant predictors anymore. Again, this finding suggests that measures of ToM and 

dyexecutive behavior are the most powerful predictors of social participation and should always be 

included in neuropsychological assessment, to allow early identification of risk factors for successful 

social participation.

The present study has some limitations. Relevant injury data were not available for all patients, 

i.e. for some patients initial GCS scores were lacking, for others PTA durations were not available and 

imaging data were incomplete. However, by applying the Mayo criteria38, we were able to classify 

our patients according to their available injury related variables into severity categories and to 

distinguish moderate from severe traumatic injuries. In this study, we selected participants based on 

SC impairments or social behavioral problems, narrowing the possible range of relevant predictors. 

Therefore, the explained variance might have been larger in a more heterogeneous group of patients 

with TBI. Further, it should be kept in mind that while hierarchical multiple regression analysis allows 

for testing several steps within the model, it does not allow to draw conclusions regarding causality. 

The analyses only test relations between variables in a given model which is based on correlations. 

Finally, there are other demographic predictors that may influence outcome after TBI, for instance 

time since injury, gender and educational level. Our small sample size restrained the number of 

potentially relevant predictors. Besides that, a larger patient sample would have allowed for a more 

comprehensive regression analysis, measuring the predictive power of SC and executive behavior 

beyond measures of attention, memory, mood or fatigue that might also have been of influence on 

either social or vocational participation.

Nevertheless, based on our present findings we conclude that TBI survivors with SC deficits and 

behavioral difficulties are at risk for poor social and vocational participation, a clinically relevant 

finding. When neuropsychological assessment is possible at an early stage after injury, we strongly 

recommend to incorporate such tests for social cognition and questionnaires for dysexecutive 

behavior. Timely identification of social cognitive or behavioral risk factors allows early counseling 

or treatment, aimed at the prevention of an unfavorable long-term outcome.  
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ABSTRACT

Background: Many patients with moderate to severe traumatic brain injury have deficits in social 

cognition. Social cognition refers to the ability to perceive, interpret, and act upon social information. 

Few studies have investigated the effectiveness of treatment for impairments of social cognition in 

patients with traumatic brain injury. Moreover, these studies have targeted only a single aspect of 

the problem. They all reported improvements, but evidence for transfer of learned skills to daily life 

was scarce. We evaluated a multifaceted treatment protocol for poor social cognition and emotion 

regulation impairments (called T-ScEmo) in patients with traumatic brain injury and found evidence 

for transfer to participation and quality of life.

Purpose: In the current paper we describe the theoretical underpinning, the design and the content 

of our treatment of social cognition and emotion regulation (T-ScEmo).  

Theory into practice: The multifaceted treatment that we describe is aimed at improving social 

cognition, regulation of social behavior and participation in everyday-life. Some of the methods 

taught were already evidence-based and derived from existing studies. They were combined, 

modified or extended with newly developed material. 

Protocol design: T-ScEmo consists of 20 one-hour individual sessions and incorporates three modules: 

1) emotion perception, 2) perspective taking and theory of mind, 3) regulation of social behavior. 

It includes goal setting, psycho-education, function training, compensatory strategy training, self-

monitoring, role-play with participation of a significant other, and homework assignments. 

Recommendations: It is strongly recommended to offer all three modules, as they build upon each 

other. However, therapists can vary the time spent per module, in line with the patients’ individual 

needs and goals. In future, development of e-learning modules and virtual reality sessions might 

shorten the treatment. 
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INTRODUCTION

Traumatic brain injury refers to a brain lesion caused by an external mechanical force, leading not 

only to physical impairments and cognitive deficits, but also to changes in behavior and persona

lity.1,2 Especially after damage to orbitofrontal and ventromedial prefrontal brain areas, deficits in 

social cognition can occur.3,4  According to Adolphs (2001) social cognition consists of three stages: 

(a) the ability to perceive social information (i.e. emotional facial expressions, bodily language), (b) 

the capacity to process and interpret social information (i.e. theory of mind, perspective taking) 

and (c) the ability to adapt behavior in accordance with the situation.5 Babbage and colleagues 

estimated that 13 to 39 percent of individuals with moderate to severe traumatic brain injury 

experienced emotion perception deficits6 and up to 70 percent reported low empathy.7-9 

Deficits in social cognition often appear in the shape of socially inadequate behavior, such as 

disinhibited or indifferent emotional behavior.10-12 Such behaviors have detrimental consequences 

for the ability of patients to establish and maintain social relationships, to hold jobs and to participate 

in society.1,13,14 It has been found that poor theory of mind and behavioral problems significantly 

predict poor participation and community integration.15,16 For all these reasons it is important to 

provide a tailored rehabilitation treatment, in order to prevent an unfavorable outcome. 

In their review of cognitive rehabilitation, Cicerone and colleagues17 stressed the need to 

provide detailed information about the theoretical base, the protocol design, and the ingredients 

of a treatment, as a prerequisite to analyze its effectiveness. In the current paper, we give a 

comprehensive description of the Treatment of Social Cognition and Emotion regulation protocol 

(T-ScEmo). The effectiveness of T-ScEmo was evaluated in 59 patients with traumatic brain injury. It 

was compared with a computerized control treatment in a randomized controlled trial.18 Compared 

to the control treatment, T-ScEmo resulted in significant improvements in emotion recognition, 

theory of mind, emphatic behavior, quality of life partner relationship, quality of life and societal 

participation, up to five months post-treatment. Patients with traumatic brain injury as well as their 

life partners were satisfied with the treatment.18 A detailed description of the T-ScEmo protocol 

is relevant for researchers and clinical therapists; they can use, replicate, or expand this newly 

developed treatment. 

Treatment of social cognition and emotion regulation 

Rationale

Lately, a growing number of studies has established that social cognitive information processing 

skills, thats is, emotion recognition ability and theory of mind ability, can be linked to inadequate 

behavior following traumatic brain injury.12,19,20 Despite the complexity of social behavior, treatment 

studies aimed at improving social cognition after traumatic brain injury have only targeted single 

aspects of social cognition.

Four studies found that patients with traumatic brain injury were able to improve their 

ability to perceive emotions following facial affect training.21-24 The studies that investigated the 
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generalization of improved emotion recognition to daily life functioning did not find evidence for 

a transfer of learned skills.22,24 Only one pilot study reported reduced aggression following emotion 

recognition training.23 The evidence for effective theory of mind training following traumatic brain 

injury is very scarce and limited to the treatment of general communication problems25 or confined 

to case reports.26 Social skills training for patients with traumatic brain injury focusses exclusively on 

behavior. It is based upon the assumption that patients lack well-defined social skills or knowledge 

that can be (re)learned. The modest improvements found after social skills training were limited to 

direct measures of behavior and did not generalize to societal participation.27-29 

We deem it likely that patients with traumatic brain injury can only benefit from such a social 

skills treatment when they are able to adequately recognize the social circumstances in which 

a particular social behavioral skill should be deployed. Therefore, underlying deficits in social 

information processing need to be addressed. Therefore, we took the stance that a comprehensive, 

multifaceted treatment, targeting all aspects of social cognition, should be more effective.    

Protocol design and procedure

The T-ScEmo protocol addresses emotion perception (module 1), perspective taking and 

understanding  social information (module 2), followed by basic and goal directed social behavior 

(module 3). The three modules are interdependent and strengthen each other, and training material 

is used in combination throughout the treatment (Table 1). Due to the complexity of deficits in 

social cognition, the presence of behavioral problems and additional relational problems, the 

qualifications of the therapist involved in this treatment protocol should be at the level of a (clinical) 

neuropsychologist. When in the subsequent text the term therapist is mentioned, we refer to this 

professional level. 

Overall, the main focus of treatment is to teach patients the social strategies they need to tackle 

social difficulties in daily life, with the ultimate goal to maintain and improve social relationships 

and to participate in society. The approach is individual, and includes self-monitoring and goal 

setting. Generalization to daily life is fostered through homework assignments. Since patients with 

traumatic brain injury differ greatly in their ability to learn and generalize, T-ScEmo is comprehensive 

and entails different levels of difficulty and control. Some patients, for instance, are able to use 

compensatory strategies independently, while others need continuous environmental instruction.

A significant other (preferably a life partner) participates intensively in the treatment. The 

objective of this involvement of significant others is: 1) to enhance this persons’ understanding 

of the impairments of the patient, 2) to teach him/her “assistant coach” strategies for everyday life 

(to foster patients’ positive social behavior and restrict inadequate behavior), 3) to improve and 

maintain the significant others’ relationship with the patient. The presence of the significant other is 

required in the first psycho-education session and in the third module.

The first and second T-ScEmo modules are relatively invariant (10 sessions together). In the third 

module therapists can choose from a broader set of materials; strategies can vary in complexity 
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and content, and can be adjusted to individual needs and personal goals (10 sessions). The three 

modules encompass a total of 20 sessions. Each session is structured as follows: first, the homework 

assignments are evaluated (5-10 minutes), after which the content of the current session is 

presented and practiced (for 45-50 minutes), and finally a preview of the next session is given, with 

new homework assignments (about 5 minutes). This set-up, in which looking back and forward 

alternate, offers structure and is intended to improve insight. 

During training, any sign of insight must be reinforced. For the therapist giving the training, 

it is important to take into account cognitive comorbidities (for instance, deficits in attention or 

memory). This is done through writing task and homework instructions in a workbook, repeating 

instructions when needed and checking that these are understood. Therapists familiar with the 

training need about 15 minutes of preparation time before each session, to print documents (i.e. 

information texts, material used in sessions, and homework assignments), read and prepare content 

and materials.    

Eligible patients 

Patients with impairments in social cognition and social behavior are eligible for this treatment. 

Impairments in social cognition are assessed with neuropsychological tests, measuring specific 

aspects of social cognition like emotion recognition, theory of mind or social behavior regulation. 

Generally, such tests are not administered routinely as part of a neuropsychological assessment. 

A recent survey among 443 therapists worldwide has revealed that, although they estimated that 

Rationale Treatment aims Treatment ingredients

1)     Adequate emotion 
recognition is a 
basic part of social 
information processing 

Improve emotion 
recognition

•	 Facial-feature processing 
•	 Mimicry 
•	 Personal emotional experiences
•	 Body language

2)     Understanding and   
interpretation of social  
information precedes 
adequate social 
behavior

Improve Theory of 
Mind ability and 
perspective taking 

•	 Perspective taking
•	 Thoughts –Feelings – Behavior triangle  

(self, other)
•	 Ask others about their thoughts and 

feelings  
•	 Attend to feelings of others 

3)     Correct understanding 
of social input/ cues 
precedes adequate 
social behavior, but 
social behavior and    
consequences of 
one’s behavior can be 
addressed directly as 
well  

Improve awareness 
and inhibition of 
inappropriate social 
behavior 

Improve socially 
appropriate behavior

•	 Basic social skills training: personal space, 
listening, reflection of feelings (education, 
role-play)

•	 Specific social skills training: registration of 
behavior to find precursors of anger (e.g., 
fatigue, confrontation with impairments), 
irritability and anger management, coping 
with conflicts and inappropriate behavior, 
social reasoning, positive social behavior 
(role-play, feedback counseling)

Table 1. Rationale and treatment ingredients of T-ScEmo
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more than half of the patients with severe traumatic brain injury have social cognitive impairments, 

78% still reported that they rarely or never assessed social cognition with standardized tests.30 

Impairments in social behavior can also be assessed using questionnaires that tap into aspects 

of social behavior, like the Dysexecutive Questionnaire31 or the Brock’s adaptive functioning 

questionnaire.32 As patients with impaired social cognition are likely to have insight problems12, it is 

important to incorporate the ratings of patients’ social behavior by significant others in the process 

of assessment. If social behavior is so severely affected that patients are in need for medication and/

or a protective environment, T-ScEmo is too demanding and therefore not an appropriate treatment. 

Similarly, if neuropsychological examination reveals severe impairments in memory, language or 

perception that interfere with the patient’s abilities to follow treatment and understand and use the 

T-ScEmo materials, the treatment is not feasible.

MATERIALS

Psycho-education 

In the first session psycho-education is given to the patients with traumatic brain injury together 

with their significant others. Both parties are informed about the patients’ neuropsychological 

functioning, previously assessed with tests and questionnaires. Impairments in social cognition 

and social behavior and their consequences for everyday life functioning are discussed, to increase 

patients’ insight and treatment motivation. The concept of social cognition is often new for patients, 

but can be a helpful framework to understand their problems. It is explained that problems in social 

cognition are a common consequence of traumatic brain injury. The involvement of a significant 

other is important in clarifying problematic behavior to the patient, using examples from everyday 

life. In addition, three personal treatment goals are set. Per treatment goal patients rate their current 

functioning on a visual analogue scale from 1-10. A goal may for example be “I want to respond 

adequately to the feelings of my life partner”. 

Furthermore, the patient and the significant other are informed that: 1) the treatment will be 

tailored to the patients’ capabilities and needs, meaning that for some patients the autonomous 

use of compensatory cognitive strategies is achievable, whereas others will need more help, 

2) improving social and emotional behavior involves practicing new behaviors in daily life to 

accomplish generalization, 3) even if at first it may feel unnatural for patients and significant others 

to use new strategies in daily life, after training these newly acquired behaviors may become more 

automatic. However, 4) it is unrealistic to expect that the patient will function as adequately as 

before injury.   

Module 1 (session 2-6): Emotion Perception   

The general treatment goals of the Emotion Perception module are to improve the ability to recognize 

basic facial emotions, the signaling of  two complex emotions “embarrassment” and “contempt” and 

the adequate detection of body language. Patients are taught three emotion recognition strategies. 



532802-L-bw-Westerhof532802-L-bw-Westerhof532802-L-bw-Westerhof532802-L-bw-Westerhof
Processed on: 26-6-2019Processed on: 26-6-2019Processed on: 26-6-2019Processed on: 26-6-2019 PDF page: 75PDF page: 75PDF page: 75PDF page: 75

75

T-ScEmo: a multifaceted protocol

5

The aim is to offer the patient a set of strategies from which to choose (the most adequate one) 

or to combine two or more of these strategies. The strategies bear on: 1) facial-feature processing, 

2) mimicry, and 3) emotional experiences.23,24 Patients learn the strategies in the abovementioned 

order. When the patient is able to apply a strategy faultlessly, an additional strategy is taught while 

repeating earlier strategies. 

In session 2, facial-feature processing is practiced. This training has shown its effectivity in 

patients with traumatic brain injury23,24 and in samples with several other etiologies.33-35 In facial-

feature processing training the patient is instructed to pay attention to important facial cues (i.e., 

eyes, mouth and nose) and to the overall facial expressions, in order to infer emotions correctly.22,23 

Through the use of validated photographs, information is given about the facial cues for the basic 

emotions anger, fear, sadness, happiness, disgust and surprise36-38 In the case of expressions of fear, for 

instance, it is pointed out that the eyes are wide open and the mouth is slack.23 After this educational 

phase, the patient is asked to label emotional facial expressions in “EmotionRec”. EmotionRec is a 

computer-based program with six exercises targeting basic emotions. Herein, several validated 

(both static and dynamic) basic facial emotional expressions are displayed.36,37 Participants are asked 

to identify these emotions and feedback is given after each response following several principles; 

cueing (i.e., arrow guidance on static facial pictures to increase attention directed to eyes and 

mouth), shaping (i.e., the therapist may verbally reward explicit facial cue naming that describes a  

correct emotion), errorless learning (i.e. the therapist provides feedback on cue calling and corrects 

when necessary), and vanishing cues (i.e., the gradual reduction of guidance and feedback). 

Second, mimicry is used to improve facial affect recognition (session 3). Mimicry has been 

shown to be successful in improving the detection of others’ feelings in a sample of people with 

traumatic brain injury and it provides cues about the nature of the emotions observed.22,39 Moody 

and colleagues (2007) found that mimicry is not simply reflexive but leads to emotional changes in 

the observer.40 Thus, mimicking other people’s emotional expressions may induce the experience of 

these emotions in the observer, which will enhance the recognition of these emotional expressions, 

suggesting an involvement of the mirror neuron system.41 Balconi and colleagues (2011) found 

that both the perception of facial affect and the contraction of facial muscles when expressing 

this emotion activated the medial prefrontal cortex (mPFC).42 Other studies have shown that 

obstructing facial mimicry leads to poorer accuracy in emotion perception43,44 whereas exaggerated 

mimicry may provide experiential cues to induce emotion recognition. In the T-ScEmo protocol, 

patients are instructed to deliberately contract their facial muscles  to mimic the picture of a facial 

emotion as close as possible (eventually with the help of a hand mirror). The therapist mimics the 

emotions together with the patient. EmotionRec is also used to display film vignettes with dynamic 

representations of facial emotions.36,37 Patients practice the mimicking strategy until they are able to 

shape their facial muscles adequately. 

The third emotion recognition strategy involves the use of previous emotional experiences 

and the evocation of feelings that correspond to the facial emotional expressions displayed in 
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EmotionRec (session 4). In neuroimaging studies, it has been found that the same brain areas are 

activated when individuals perceive others’ emotions and when they experience these emotions.45 

There is also evidence that poor performance in an emotion matching task is related to a reduced 

ability to experience emotions following traumatic brain injury.46 EmotionRec shows dynamic facial 

emotions, and after each picture the patient is asked to describe examples from personal emotional 

events. Prior to this, the patients is asked to describe emotional feelings experienced before and 

after brain injury in a homework assignment. Basic emotions are addressed one by one. For every 

emotion patients are asked to recount a personal emotional event, explain how they had felt and 

specify the accompanying physical reactions elicited by this event. 

Besides these three facial affect recognition strategies, in session 5 body language accompanying 

basic emotions is illustrated by the therapist using an information text with pictures.47 Further, the 

therapist role-plays body language in fictive situations, asking the patient to imitate this behavior.  

In addition to the basic emotions, two secondary emotions, namely contempt and 

embarrassment, are practiced in EmotionRec (session 6). These emotions can express others’ 

inconvenience in situations with inappropriate behavior.36,37 Patients use the already described 

strategies to improve the recognition of contempt and embarrassment signals. In addition, they are 

asked about their own role in such emotional contexts. We think that increasing the sensitivity for 

others’ feelings is the first step in the modification of inappropriate behavior. The detection of anger, 

contempt or embarrassment in significant others may help in better monitoring ongoing behavior 

and in triggering adequate behavior (e.g., to make apologies).

Module 2 (session 7-11): Perspective taking and Theory of Mind 

This module has three objectives. 1) Clarifying the concept of perspective taking, 2) explaining that 

other people may have different thoughts and feelings, 3) illustrating that different viewpoints can 

coexist,  thereby improving the understanding of others feelings and thoughts. 

To attain these goals, we use principles from cognitive behavioral therapy. In session 7, a 

simplified Thoughts-Feelings-Behavior (T-F-B) triangle is introduced to explain perspective taking.48 

This T-F-B triangle differs from traditional cognitive behavioral therapy in that it focuses only on 

explicit communication about thoughts and feelings (of the patient and others) instead of trying to 

reframe attributions or cognitive distortions. Patients are taught strategies to fill-in T-F-B schemes 

(see Figure 1), with a “self” and an “other” column. This is practiced by using hypothetical and real-

life personal conflicts asked for by the therapist and in homework assignments. The “other” column 

is used to prevent mindreading or jumping to conclusions about others intentions, motives or 

behavior. The objective of the T-F-B scheme is to explain that our own intentions, perspectives and 

intentions may differs from those of other people.

In session 8 real-life film-vignettes are used, in which several emotional situations are shown. 

Several pre-programmed questions are asked after the videos. These questions are aimed at 

rehearsing emotion recognition strategies and at facilitating perspective taking (through the use 
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of the T-F-B triangle) and the understanding of behavior. The patient is taught to address four 

important questions: 1) How will the other feel?, 2) What will the other think?, 3) How can I influence 

the other? (i.e., remark, posture, behavior), 4) How will the other respond? 

Session 9 is about empathy, a concept explained using the T-F-B triangle. Through role plays 

the therapist illustrates empathic and non-empathic reactions. In session 10, contradictory social 

information (i.e., sarcasm, lies, and jokes) is analyzed and the session includes role plays intended to 

practice and reflect upon contradictory communication in everyday life. 

For session 11 the presence of a significant other is required, since it includes an evaluation of 

the patients’ and significant others’ treatment experience so far. The therapist stimulates treatment 

motivation by offering positive, but realistic feedback (e.g., compliments for treatment adherence, 

home-work quality). Furthermore, this session includes the repetition of earlier strategies.

Figure 1: Thoughts – Feelings – Behavior scheme (Module 2)

Module 3 (session 12-20): Social behavior 

The treatment goals of the Social Behavior module include the improvement of self-awareness, a 

better  inhibition of inappropriate social behavior, and the improvement of socially desired behavior. 

All patients are taught basic social skills (session 12-14), to handle basic communication conditions 

and inhibit inappropriate communication. After that, the focus of treatment is narrowed down to 

individual behavioral problems in everyday life (session 15-20). The sessions can be adjusted to 

patients’ goals, capacities and needs, with varying levels of complexity. In this module, role-play, 
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involving the therapist and the patient, is used extensively and for sessions 13, 14 and 18 the 

presence of a significant other is also required. This last module builds on the previous modules, in 

targeting emotions and cognitions of others (attention to facial expressions, T-F-B triangle) and in 

tackling the consequences of one’s own behavior for others. 

The third module starts with a basic social skills training (session 12-14), in order to teach patients 

adequate communication principles and to learn them how to inhibit inappropriate behavior. In 

session 12 patients learn how to respect others’ personal space. It is explained what is meant by 

“appropriate distance” to familiar and unfamiliar people. Session 13 includes active listening, such 

as task concentration practice49 and conversational turn-taking. It contains a role-play, with the 

therapist being too talkative, wherein the patient is taught to appropriately ask for more structure. 

The reflection of feelings is rehearsed in session 14 via the therapist and a significant other by 

modelling and role-play. This is taught in varying degrees of complexity, ranging from general ‘Can 

you tell me how you feel?’ to  more specific ‘Are you happy?’ to ‘It looks like you are tired, can I do 

something for you?’ In this module, materials from a social skills training and a social anxiety traini

ng49-51 are used in an adapted form.

The specific goal-directed behavioral part of T-ScEmo (session 15-20) includes the improvement 

of social reasoning, the enhancement of self-insight and self-efficacy, the detection of precursors 

of inappropriate behavior, coping with conflicts and feedback, anger management, followed by 

positive behavior and the stimulation of social activity. Session 15 starts with Social Problem Solving 

Training (SPST), to stimulate social reasoning, to improve the patients’ insight in problem situations 

and to curb impulsive behavior. The SPST approach is defined as “the self-directed cognitive 

behavioral process by which a person attempts to identify or discover effective or adaptive ways of 

coping with problematic situations encountered in everyday living”.52 The patient is asked to fill-out 

the SPST-scheme, adapted for the T-ScEmo protocol, to Signal a problem, explore Problems, decide 

on Solutions and Test, and reflect on behavior applied to solve the social problem.

Sessions 16a and 17a are optional. They target disinhibited behavior (if present), in particular 

anger and temper flares. In a risk-analysis patients learn to recognize early physical signs of irritability 

and anger (e.g., muscle tension, increased body temperature). Also, through registration patients 

learn to associate precursors (i.e., fatigue, inflexibility) with anger bursts. In a behavioral scheme (see 

figure 2) this relation is made more explicit. Thoughts and feelings within the situation are phrased, 

as irritability may end up in anger in specific situations. The applied scheme is derived from a 

treatment for emotion regulation deficits in borderline personality disorder53 and is complemented 

with an extra “cleaning” column. Patients are taught that if you make a mess of social situations you 

have to clean it up (i.e., making apologies).

Sessions 16b and17b have been developed to enhance positive social behavior and  the quality 

of social relationships, as well as to prevent social isolation. Session 16b includes some basic 

principles for successful social contacts; what does it take to establish a friendship, where to meet 

other people, and how to initiate a conversation. Session 17b incorporates role-plays and incentives 
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to increase positive behavior, value social contacts (i.e., compliments, appreciation) and strengthen 

or expand one’s social network. Both sessions incorporate role-play and the application of the SPST. 

Session 18 addresses the application and the reception of corrective feedback for both patient 

and the significant other. Both skills has proven effective in diminishing socially inappropriate 

behavior.54 It is likely that behavioral (in)activation can be achieved by substituting inappropriate 

responses with more desirable ones through operant conditioning, modeling and shaping.55 This 

session includes role-plays to target inappropriate behaviors, such as being vulgar, talking too 

confidentially to strangers or acting childishly. Patients learn that their behavior may influence 

others’ T-F-B triangle positively (i.e. by showing appreciation, giving a compliment, or apologize) or 

negatively (i.e., by being egocentric, having  emotional outbursts). The patient and the significant 

other choose and then practice the best behavioral solution to target inappropriate behavior. For 

example, significant others may learn to stop ongoing inappropriate behavior with general or 

specific feedback instructions (e.g., “Stop”, “your voice is very loud, please take a time-out”, “this is 

not a funny joke, you hurt my feelings”).

Figure 2. Example of the behavioral scheme- from irritation to outbursts (modified scheme derived from a 
treatment for emotion regulation deficits).53
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In session 19 patients learn to cope with stressful emotional situations. They learn how to take 

an appropriate time-out, including 1) notifying that they leave, 2) move out, 3) go for a walk or 

for sports, 4) practice relaxation, 5) return when they are easy-going again and when they know 

what to say when re-entering the situation.56 These time-out steps are written on a cue card. 

Furthermore, significant others learn to stop ongoing inappropriate behavior through external cues 

(e.g., particular words, physical signals). Aids are included to inform others’ about one’s behavioral 

impairments (e.g., cue cards, short replicable sentences).56 Furthermore, this session addresses the 

ability to apologize when inappropriate behaviors occur. 

In session 20 the T-ScEmo protocol is evaluated, with special attention for the individualized 

treatment content. The therapist completes a scheme with important insights, individualized 

strategies and points of attention and repetition. The patient is asked to put this scheme in an eye-

catching place to increase the choice of using it and support transfer to everyday-life functioning 

(see case report for an example).     
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  Case report: Paul.

Paul is a 55 year old male with a moderate traumatic brain injury (since seven years ). He was 
referred to rehabilitation with neurobehavioral dysfunction. Paul reported arguing with his wife 
daily. His wife reported Pauls’ self-centeredness, hurtful communication, irritability, angriness and 
an absence of affection and empathy. Paul had been able to resume his former job, but with lower 
demands. In his work (as a car dealer) he experienced difficulties in the negotiations with clients and 
he frequently behaved angrily towards his staff. Neuropsychological assessment revealed intact 
recognition of facial affect but poor perspective taking and the presence of behavioral problems 
(e.g., trouble controlling emotions with increased temper flares, poor empathy). Together with the 
therapist, Paul formulated three treatment goals: 1) I want to react appropriately to others’ emotions, 
2) I want to reduce my hurtful and blunt behavior and 3) I want to better control my temper flares. 
     Guided by T-ScEmo, Paul and his wife received psycho-education based on his neuropsychological 
profile. In the Emotion Perception module, it became clear that although Paul’s emotion recognition 
skills were not impaired on test level, he did not pay adequate attention to feelings or facial expressions 
in real-life. When stimulated to attend to others’ facial emotions, his recognition of emotions was 
sufficient. At first he found this intensified attention to social information exhausting, but as the treatment 
proceeded it took him less energy. Paul noticed that he functioned better in his job and that he was able 
to perceive customer signals again. In the second module, Paul became aware that he had difficulties 
considering the opinions of others’ and to stand in their shoes. However, he considered his marriage as 
still important and was therefore motivated to reduce disagreements and fights. By means of the T-F-B 
scheme he was encouraged to check his wife’ thoughts and feelings, a first step in  better understanding 
her. At some point he practiced the same skill with his adult children as well. His wife participated in 
the role plays, which were emotional but very important in clearing up miscommunication and distress. 
They started to schedule “talk-moments” at home, an important investment step in their relationship. In 
the third module, the association between fatigue and his anger bursts became apparent. Paul reduced 
his daily to-do list into smaller subtasks, with several rest moments in between, to prevent fatigue 
(and herewith reduced his anger bursts). Further, Paul informed his staff about his social cognitive and 
behavioral problems. He apologized for his angry behavior and discussed about solutions to diminish 
task switching moments (e.g., schedule an appointment instead of dropping by in his office). He also 
learned to introduce a functional time-out to cope with his anger bursts. His wife  changed her behavior 
as well. She learned to express her feelings and expectations more explicitly and did not always 
wait for him to come up with questions or moments of affection, but started these independently. 
      After treatment Paul was able to attend to his wife’s feelings and he was able to join business meetings 
and negotiations without temper flares. One year after treatment the therapist received an email from 
Paul’s wife. “I would like to thank you for my ‘new husband’, the metamorphosis is absolutely fantastic. We 
enjoy it every day. Paul is more understanding, lovable and caring. Looking back, I was married with three 
husbands; the first before the car accident, the second after the accident and the third after T-ScEmo. The 
first I simply loved. I didn’t understand the second at all. We had a lot of arguments; it seemed that he 
didn’t care at all about me, our children and our financial situation. He was egocentric, easily irritated and 
angry. I felt so lonely. The third is understanding and caring; a brand new one. The treatment helped to 
clarify our daily struggles. His awareness increased and he is trying hard to compensate for his deficits. I 
feel better equipped to deal with his behavior. Of course, cognitive problems are still present (i.e. memory 
impairments, fatigue) and it is not always easy, but we have learned to communicate about our feelings 
and we can support each other. A couple of years ago I thought we would end-up divorced, but now we 
can deal with the situation. We live our life and it is great again.”
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DISCUSSION 

The purpose of this paper was to describe in detail the protocol of a Treatment of Social cognition 

and Emotion regulation (T-ScEmo), that has  proven its effectiveness in 59 patients with traumatic 

brain injury participating in a randomized controlled trial.18 T-ScEmo consists of 20 one-hour 

individual sessions complemented by homework assignments, and incorporates function training 

(i.e., emotion recognition) and the use of individualized compensatory strategies (i.e., emotion 

recognition, theory of mind, social behavior). Further, a significant other participates in four 

treatment sessions, where he/she is taught “assistant-coach” skills. 

The effectiveness of T-ScEmo was investigated in patients with traumatic brain injury in the 

subacute and chronic phase. All these patients had social cognitive and behavioral problems. 

Patients with neuropsychological impairments that would seriously hamper the understanding and 

application of treatment strategies were excluded. In particular aphasia, agnosia, amnestic disorder 

or physical aggressiveness interfere negatively with the understanding and application of treatment 

strategies. Such patients do not benefit from this treatment, because it is too verbal and using the 

strategies requires considerable learning potential. 

Ideally the T-ScEmo treatment should start when the patient with traumatic brain injury is 

psychologically stable (i.e., mood, adaptability). The treatment was evaluated in patients in the sub-

acute and chronic stage of recovery, with a large post-onset range. Patients may benefit from this 

treatment even years after injury. However, since the treatment is aimed at improving social and 

intimate relationships, it is advisable to offer this treatment timely, that is, before these relationships 

are damaged beyond repair. 

Offering psycho-education is very important for patients and their significant others to 

understand the social cognitive and behavioral problems that they encounter in everyday life. 

Psycho-educational treatment is based on an extensive neuropsychological assessment, including 

tests for cognitive impairments (i.e., attention, memory, and executive functioning), supplemented 

by specific measures for social cognition and behavior (i.e., emotion recognition, theory of mind, 

emotion regulation, social monitoring, and empathy). Many patients with traumatic brain injury 

start T-ScEmo with a minimal awareness of their problems. According to Ylvisaker (2005)57 it is very 

difficult to teach social skills to these patients, because they may lack the necessary motivation to 

change due to indifference or poor insight, or they may encounter difficulties in transferring newly 

learned skills to real-life. The therapist should take both cognitive and motivational difficulties into 

account and reinforce every sign of appropriate behavior, while attempting to adapt to the deficits 

and the compliance of the patient. 

To overcome difficulties in motivation and insight, we include real-life examples of social 

cognition problems in our treatment, continuously emphasize the overall treatment goal which is 

to preserve social relationships, and include the participation of a significant other. This significant 

other plays an important role in the treatment. He/she contributes to the enhancement of insight 

and improves social behavior by offering corrective feedback in role plays and real-life situations. 
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In role plays the burden and needs of the significant other are discussed as well. This reciprocal 

communication increases insight, ameliorates the reflection of feelings and offers opportunities 

to practice empathic behavior. Given the low drop-out rate in our randomized controlled trial, we 

conclude that gaining control over one’s behavior in social situations, together with the experience 

of positive interactions, improves the internal motivation of the patient to adhere to the treatment.        

There appear to be several advantages associated with the use of the T-ScEmo protocol. These 

advantages include the availability of a standardized treatment protocol that allows replicability 

and the possibility to train and improve the patient’s unique pattern of deficits through varying 

levels of treatment complexity. Last but not least, significant others’ participation introduces real-life 

interactional situations and supports generalization to daily life.

A number of concerns needs to be addressed in future studies. Given our research question, the 

use of a multifaceted treatment was needed and justifiable. However, we acknowledge that within 

such a design, the effectiveness of the separate treatment ingredients cannot be established, since 

multiple treatment elements are used in conjunction, probably strengthening each other. In future 

studies, the first module can be studied in isolation with an independent evaluation between the 

first and second module. Additionally, future studies may deal with the reduction of treatment costs 

by developing e-learning modules and virtual reality sessions. 

We strongly recommend applying all modules, as they build upon and strengthen each other. 

The case study in table 2 illustrates this point. Patient Paul had no deficit in emotion recognition 

when only test scores were considered, but in daily life he didn’t pay attention to emotional signals. 

The first module was an important prerequisite to benefit from further treatment aimed at targeting 

his socially dysfunctional behavior. In clinical practice this can easily be missed when only deviant 

test scores are taken into account. Furthermore, it would be  interesting to gain insight into the 

characteristics of patients who benefit most (and least) from T-ScEmo. This could lead to a more 

tailored rehabilitation protocol that justifies (or even shortens) the intense treatment trajectory 

presented here. It may also be of interest to study the effectiveness of T-ScEmo in adolescents, or 

other patient populations (i.e., stroke, brain tumor). The broad-spectrum treatment ingredients 

might be also useful for other types of patients with acquired brain injury, provided that they have 

deficits in social cognition and associated behavioral problems. 

 Clinical messages
The multifaceted treatment approach T-ScEmo with a  focus on social cognition and 
emotion regulation for patients with traumatic brain injury includes:

•	 Psycho-education and the development of  awareness 
•	 A patient & family centered approach 
•	 Focus on three personal goals 
•	 Function training and compensatory strategies  
•	 Behavioral modification and social skills training
•	 Practice translated to everyday life social situations
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ABSTRACT

Objective: To evaluate the effects of a multifaceted treatment for social cognition and emotional 

regulation (T-ScEmo) in patients with a traumatic brain injury (TBI). 

Participants: Sixty-one patients with moderate to severe TBI randomly assigned to an experimental 

T-ScEmo intervention or a Cogniplus control condition. 

Interventions: T-ScEmo is a compensatory strategy training for impairments in emotion recognition, 

Theory of Mind, and social behavioral skills. Cogniplus is a computerized cognitive function training. 

Both interventions were given in 16-20 weekly 1-hr sessions. 

Main Measures: Social cognition tests and questionnaires for social behavior (self and proxy-rated) 

administered at baseline, immediately post-treatment and at 3-5 months follow-up. 

Results: compared to the Cogniplus group, the T-ScEmo group improved significantly on facial affect 

recognition, Theory of Mind, proxy-rated empathic behavior, societal participation and treatment 

goal attainment, which lasted up to 5 months after treatment. At follow-up, the T-ScEmo group 

also reported higher quality of life and their life partners rated relationship quality to be higher 

compared to the Cogniplus group. 

Conclusion: This study shows that impairments in social cognition can be effectively dealt with 

by using a comprehensive treatment protocol, leading to improvements in everyday life social 

functioning. 
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INTRODUCTION

Deficits in social cognition following moderate to severe traumatic brain injury (TBI) can be disabling 

and persistent.1 Social cognition refers to the perception and understanding of social information, 

including others’ emotions and mental states, and it is widely acknowledged that frontal brain 

networks play a significant role in these abilities.2,3Adolphs distinguishes three social cognition 

stages.3 First, perception of social information, for instance emotional expressions. Second, social 

understanding, referring to the ability to mentalize or form a theory of mind (ToM) in order to 

understand others’ thoughts, feelings and intentions.4 Third, social behavior, incorporating social 

skills, in particular the ability to regulate emotions and behavior. There is increasing evidence 

that deficits in social cognition underlie social behavioral problems.5,6 Social-behavioral problems 

frequently occur, in particular in patients with moderate to severe TBI7, involve inappropriate, 

indifferent or disinhibited interpersonal conducts7,8 and lead to unemployment9, social isolation 

and loneliness10, thus limiting societal participation10,11. Given these detrimental consequences, 

evidence-based rehabilitation interventions focusing on social cognition with the explicit aim to 

improve everyday-life social behavior and participation are sorely needed. 

To date, only a few treatment studies have been aimed at improving social cognition after TBI 

and these studies focused only on single aspects of social cognition. Four studies found significant 

improvements in emotion recognition following facial affect training.12-15 However, evidence for 

generalization to everyday life social behavior was restricted to one study reporting lower levels 

of proxy-rated aggression after facial affect treatment14, but this finding was not replicated in a 

larger sample.15 Furthermore, there is some evidence that ToM was improved following treatment 

addressing social communication in TBI patients.16 A case report suggested that perspective-taking 

treatment might result in decreased aggression levels.17 Several studies have been carried out 

that targeted social skills in TBI patients. Overall, only modest improvement of social behavior was 

found.18-20 Driscoll and colleagues (2011) reviewed social cognition treatments and concluded that 

in particular treatment of emotion recognition seems promising.21 However, the urge of further 

research due to poor generalization of trained skills to other abilities and everyday-life social 

functioning was also highlighted.

So far, there is no effective treatment that addresses all the abovementioned aspects of social 

cognition in conjunction, with the aim to improve everyday-life social behavior. This is important, 

given the high prevalence of deficits in social cognition following TBI22, their potentially devastating 

effects on everyday-life functioning10,23, and the limited effects of treatment on single aspects of 

social cognition.21,24 Therefore we developed a multifaceted treatment protocol (Treatment of Social 

cognition and Emotion regulation; T-ScEmo), focussing on the improvement of emotion perception, 

social understanding, and social behavior in conjunction.

The main objective of the present study was to evaluate the effectiveness of this multifaceted 

T-ScEmo, by comparing it with a control treatment, Cogniplus, within a multicenter randomized 

controlled trial (RCT) with parallel group design and post-tests immediately after treatment and at 
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3-5 months follow-up. We primarily hypothesized that social cognition in general would significantly 

improve for patients with TBI in the T-ScEmo condition compared to patients receiving Cogniplus. 

In particular we expected that T-ScEmo patients would improve on neuropsychological tests for 

emotion recognition and ToM as well as on indications of social behavior in everyday life, quality of 

life and societal participation, with effects directly after treatment and lasting over time until at least 

5 months posttreatment. 

METHODS

Design and procedure

This study was designed as a multicenter RCT, performed in three Dutch rehabilitation or academic 

institutions, located in Groningen, Beetsterzwaag, and Amsterdam. It was approved by the 

Medical Review Ethics Committee (METc2011.094) and registered with study ID ISRCTN81350364. 

Participants gave written informed consent before participation and all data were obtained in 

compliance with the Helsinki Declaration.

Participants eligible for the study had sustained moderate-severe TBI, classified by a GCS score 

of <13, LOC of ≥ 30 minutes and/or PTA duration of ≥ 24 hours25, with a minimal post-onset period of 

3 months. Age limits were set between 18 and 70 years and participants had to live independently. 

Furthermore, there had to be a significant other/ proxy to fill out proxy questionnaires and 

participate in the treatment. If available, proxies who were life partners were preferred. In this paper 

the term life partner is used for persons living together in an intimate relationship either married 

or unmarried. There were no patients with a life partner who was not willing to participate in this 

study. If patients had no life partner they were asked to bring a proxy with whom they had frequent 

contact in daily life, and when possible, someone who knew the patient from before sustaining the 

TBI (i.e. family member, friend). Patients with TBI had to be referred for rehabilitation with post-injury 

problems in social functioning; either reported by themselves or observed by significant others. TBI 

patients had to have impairments in social cognition indicated by defective scores on the FEEST 

and/or proxy-ratings on the BAFQ-social monitoring / empathy scale26 >10, and/or if available 

frontal lesions visible on CT/ MRI scan indicating higher risk on social behavioral problems.27 

Exclusion criteria were severe cognitive impairment precluding treatment (i.e. amnestic syndrome, 

global aphasia), neurodegenerative or psychiatric illness, or severe behavioral regulation deficits 

interfering with treatment or threatening the safety of the therapist (e.g. physical aggressiveness). 

We included a group of healthy controls  to test whether the performances of patients on social 

cognition tests and behavioral questionnaires were impaired, since normative data were lacking for 

several of these measures. The healthy group was recruited from social networks of the researchers 

and assessed individually; subjects with serious neurological/psychiatric disorders or psychology 

students were excluded. 

Assessments were scheduled at baseline, within two weeks after the last training session 

“posttest-I”, and 3-5 months after the last session “posttest-II”. After baseline assessment patients 
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were randomly assigned to the T-ScEmo or Cogniplus condition. Cogniplus is a computerized 

cognitive training program aimed at improving general cognition, in particular attention, 

working memory and executive functions, all cognitive domains that are frequently impaired in 

patients with moderate to severe TBI.  Cogniplus was primarily included as a control condition for 

nonspecifi c treatment eff ects (e.g., attention of therapists, receiving treatment in the context of a 

clinical environment). Nevertheless, we did not exclude the possibility that eventual improvements 

in the cognitive functioning brought about by Cogniplus might also result in improved processing 

of social information, and thereby in improved daily life social functioning. Before giving consent, 

eligible patients were informed that they were given the opportunity to participate in a study 

comparing two treatments that both could have positive eff ects on social functioning. They were 

also masked with regard to the expectations of the investigators about the eff ectiveness of either 

treatment condition. Balanced assignment (per four patients) took place, for which lots were blindly 

drawn by a co-worker not involved in the study. In each condition, patients underwent 16-20 

sessions, of 1 or 2-hours weekly. Research assistants blind to treatment allocation carried out the 

neuropsychological assessments. Excluded patients were off ered rehabilitation care as usual.

Participants

Seventy-four patients were assessed for eligibility, of which after initial testing sixty-one were 

included in the study. Three rehabilitation or academic settings supplied the patients (46, 10, and 5). 

Figure 1 shows a CONSORT-diagram in which the fl ow after enrolment is displayed. Reasons for not 

Figure 1: CONSORT diagram of participants progress through the phases of the trial.
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including were: 8 met exclusion criteria, 3 did not meet inclusion criteria regarding social cognition 

problems, and 2 had logistic problems. After inclusion and randomization one patient declined due 

to unexpected logistic problems, leaving 60 patients to participate. For all patients a significant other 

was available (life partner: n=36, parent: n=13, brother/sister: n=3, son/daughter: n=3, friend: n=5); 

not having a significant other willing to participate in the study was never a reason for exclusion. The 

patients with a life partner were equally randomized across the interventions (n=36 in total, n=18 

for both arms). In addition, a group of 88 healthy controls was included.

Experimental treatment 

The T-ScEmo protocol (table 1) is aimed at enhancing emotion perception (module 1), perspective 

taking and ToM (module 2), followed by basic and goal directed social behavior (module 3). The 

T-ScEmo program started by the use of extended psycho-education larded with daily life examples 

of social problems, information texts with identifiable fictive situations and the participation of 

a proxy. Overall, the main focus of treatment was directed at maintaining and improving social 

relationships. Goalsetting and self-monitoring were encouraged. Generalization of what was 

learned in the treatment to daily life was fostered through homework assignments. Each session 

included the following elements: an evaluation of the previous session by discussing homework 

assignments (5-10 minutes), the presentation of new content (45-50 minutes), and a preview of 

the next session (about 5 minutes). The first 8-10 sessions were relatively fixed (module 1 and 2), 

followed by module 3 (sessions 11-20) that could be more specifically tailored to individual needs 

and personal goals. The total treatment consisted of a maximum of 20 individual treatment sessions, 

offered once or twice a week in a hospital or rehabilitation setting. It was individually given by six 

experienced neuropsychologists, with an average of 18 years of professional experience (range 8-35 

years). They had been given an extensive training in the T-ScEmo protocol application, and were 

monitored and coached during the study through meetings or telephone counselling. 

Module 1, Emotion Perception, incorporated the learning of three strategies: facial-feature 

processing, mimicry and the experience of one’s own emotions, which had been successfully 

incorporated in previous studies evaluating emotion recognition treatment.13-15 In the current study 

we developed a computer-based program with validated static and dynamic Caucasian emotional 

faces, including basic (i.e. happiness, sadness, anger, surprise, fear, disgust) and complex emotions 

(i.e. contempt, embarrassment).

Module 2, Perspective taking and ToM, consisted of psycho-education, perspective taking and 

self-monitoring strategies. In this module patients learned that different viewpoints can coexist. 

We used a simplified thoughts-feelings-behavior triangle from cognitive behavioral therapy (CBT).28 

Our triangle differed from traditional CBT in that it focused solely on explicit communication about 

thoughts and feelings, instead of attempting to reframe all types of attributions and cognitive 

distortion. Patients were taught strategies to fill-out the thoughts-feelings-behavior scheme (self 
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6and other), using hypothetical and real-life personal incidents. Herewith patients were encouraged  

to ask significant others about their thoughts and feelings to improve insight and to prevent 

jumping to conclusions about their motives.

Module 3, Social Behavior, addressed basic social skills (such as turn taking, listening, giving 

compliments) and specific target social behavior to improve awareness and socially desired behavior 

(e.g. empathy, social reasoning). Also, patients were taught strategies to inhibit inappropriate social 

behavior (e.g. anger management). In this module proxy attendance was occasionally requested. 

This significant other played an important role in helping the patient to enhance insight in real-

life social conflicts, by offering corrective feedback and herewith fostering the generalization of 

strategies to daily-life. In role-plays with both patient and proxy the perspective of the proxy was 

discussed, encouraging the reflection of feelings and enhancing empathy and communication of 

the patient.       

Control treatment 

Cogniplus is an individually administered computerized attention training comprising various 

adaptive exercises aimed at improving aspects of general cognition, in particular attention, working 

memory and executive functions, which might also facilitate everyday-life social functioning.29 

Cogniplus was given by a neuropsychologist in a hospital or rehabilitation setting once or twice a 

Table 1. Rationale and treatment ingredients of T-ScEmo

Rationale Treatment aims Treatment ingredients

1)  Adequate emotion 

recognition is a  basic 

part of social information     

processing 

Improve emotion 

recognition

•	 Facial-feature processing 

•	 Mimicry 

•	 Personal emotional experiences

•	 Body language

2)   Understanding and 

interpretation of social 

information precedes 

adequate social behavior

Improve Theory of 

Mind and perspective 

taking 

•	 Perspective taking

•	 Thoughts –Feelings– Behavior triangle 

(self, other)

•	 Ask others about their thoughts and 

feelings  

•	 Attend to feelings of others 

3)   Correct understanding 

of social input precedes 

adequate social behavior,  

besides that, social behavior 

and consequences of one’s 

behavior can be addressed 

directly as well  

Improve awareness 

and inhibition of 

undesired social 

behavior 

Improve socially 

desired behavior

•	 Basic social skills training: personal space, 

listening, reflection of feelings (education, 

roleplay)

•	 Specific social skills training: registration 

of behavior, irritability & anger 

management, coping with conflicts, social 

reasoning, positive social behavior (role-

play, feedback counseling)
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week. The program is largely self-supporting with pre-programmed instructions and monitoring of 

task performance, but a therapist is continuously available for questions and assistance. 

Measures

At baseline the following neuropsychological tests were administered to control for differences 

between treatment groups:  NART30 (premorbid intelligence), WAIS-III Digit Span31 (working 

memory); and 15-words test32 (memory and learning).   

       

The following tests and questionnaires were administered pre- and posttreatment.

Primary outcome measure

The primary outcome measure was the Dutch short version of The Awareness of Social Inferences 

Test (TASIT-short)33, a task measuring recognition of emotions and understanding of others in 

real-life, dynamic situations, consisting of short films depicting social interactions. The first part 

comprises fourteen film vignettes in which emotional expressions are expressed (happiness, anger, 

surprise, fear, disgust, sadness or neutral). The second and third social inferences subtest portray 

sincere versus contra-factual (i.e. lies, sarcasm) interactions. The total score ranges from 0-82, with 

higher scores indicating better performance.

Secondary outcome measures                 

Secondary outcome measures were tests and questionnaires for social cognition, social behavioral 

functioning (self and proxy-rated), societal participation and quality of life.

Social cognition tests

The FEEST (Facial Expression of Emotion- Stimuli and Tests, Sixty faces test)34 is a test for the recognition 

of facial affect. Sixty photographs of faces with primary emotions (anger, disgust, fear, happiness, 

sadness or surprise) are shown for 3 seconds, ten of each emotion (0-60 points). The Cartoon test 

(CT)35 incorporates 12 cartoons displaying humorous situations. Mental state attribution is required 

to understand the joke. Answers are rated (0 “irrelevant answer”, to 3 “adequate perspective taking 

and understanding”) with an overall score ranging from 0 to 36. The shortened version of the Faux 

Pas (FP)36 test measures the ability to detect a faux pas in 10 short stories, of which 5 contain a faux 

pas (0= “no detection of FP/NFP”, 1= “detection of FP/ NFP”). The FP-detection score ranges from 0 

to 10 in total. 

Attention and executive functioning (EF) tests

To investigate possible effects of either treatment on attention or EF, the following tests were 

administered before and after treatment: Trailmakingtest A, TMT B/A37, Test of Everyday Attention 

Lottery38 and BADS Zoo-map/Shopping Mall.39,40 
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Behavioral questionnaires 

The presence of social behavioral problems in everyday-life was investigated by means of patient 

and proxy versions of the Dysexecutive Questionnaire- Social scales (DEX-Soc-self, DEX-Soc-

proxy). This scale was a sum of the following DEX subscales, corrected for overlapping items: Meta 

cognition (DEX items 2, 5, 12, 16, 20), Social convention (9, 12, 13, 20), Behavioral emotional self-

regulation (3, 7, 8). The items were scored on a 4-point scale (0= never, to 4= very often, range 

0-80), with higher scores reflecting more problems5,39. We also used Brock’s Adaptive Functioning 

Questionnaire – Social monitoring scale (BAFQ-SM-self, BAFQ-SM-proxy), with items scored on a 

5-point scale (1=almost never, to 5=almost ever, range 7-35). Finally, we also administered the BAFQ 

Empathy scale (BAFQ-Emp-self, BAFQ-Emp-proxy, range 5-25), with higher scores indicating more 

problems.26,41 

Other

To measure societal participation, the Role Resumption List42 was administered, which assesses 

changes in amount and quality of activities compared with pre-morbid levels in four domains 

(vocational functioning, social interactions with relatives, leisure activities, mobility), rated on a 

5-point scale (0 =no change, to 4 =severe loss of independence), with a total score ranging from 

0-16. Quality of Life after Brain Injury was measured with the QOLIBRI43, which incorporates a 

satisfaction scale, rated on a 5-point scale (1=not at all, to 5= very much), with a total score ranging 

from 42-210 (higher scores reflecting more satisfaction) and a burden scale (5-point scale, ranging 

from 13-65, higher scores reflecting higher burden), completed by the patient. Goal attainment was 

measured using Treatment Goal Attainment (TGA42). Patients had to determine three personal goals 

to accomplish through treatment, of which the starting level was rated on a 10-point scale (1= not 

at all, 10=entirely, range 3-30) in the first training session. To investigate the quality of the intimate 

relationships within the subgroup of patients who had a life partner (n=36), patients and their life 

partners graded their relationship from 1 to 10 on the Relationship Quality Scale (RQS).  Also, life 

partners were asked to grade the treatment result on the Treatment Result Scale (TRS) from 1 to 10 

at post-tests I and II. At both posttests, all patients were asked to rate treatment satisfaction on a 

5-point Treatment Satisfaction Scale42, ranging from 1 (not satisfied) to 5 (very satisfied).

Statistical analysis 

Before the start of the study a power analysis was carried out for the primary outcome measure; 

based on a pilot study (n=8) the effect size could be estimated; to find a difference of 2/3 SD between 

pre- and posttest. The preferred sample size was eighty patients, forty per group. To test whether 

both patient groups were matched with regard to age, educational level, sex, injury severity and 

time since injury, t-tests or nonparametric tests for nominal or ordinal variables were used. T-tests 

were used to compare participants’ test scores at baseline with those of healthy controls, as well 

as to compare baseline functioning of both patient groups.     
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Changes between baseline and post-tests were analysed using repeated measures analyses (GLM 

ANOVA). First we analysed whether scores directly after treatment (posttest-I) differed from baseline 

for both groups equally (time-effect), and whether improvement over time differed between both 

intervention groups (interaction effect). The same procedure was followed for performances at 

3-5 months follow up (posttest-II). To minimize the possibility of type 1 errors, Bonferroni Holm 

corrections were applied. Effect sizes were calculated using Cohen’s d. SPSS 23.0 was used to 

conduct all analyses.   

RESULTS 

Table 2 shows that at baseline both patient treatment groups were comparable with respect to 

demographic and injury characteristics. Both groups did not differ with regard to measures of social 

cognition, social behavior, or general cognition. Patients were also well matched to the healthy 

control group. Patients performed significantly worse on the FEEST, TASIT-short, CT, but not on 

the FP- Detection score compared to healthy controls. On the DEX, significantly more behavioral 

problems were self and proxy-rated in the patient group.  

Effects of treatment 

The primary outcome measure, TASIT-short, showed no improvement over time for both treatment 

groups, both at posttest-I and II, nor were treatment interaction effects found (table 3). Effect sizes 

were small.

However, with regard to the secondary outcome measures, several significant interaction 

effects were found. With regard to the neuropsychological tests, we found both at posttest-I and 

II a significant change over time on the FEEST for both groups, but with a significantly larger 

improvement for patients in the T-ScEmo condition, showing also large effect sizes indicating 

substantial group differences. Furthermore, all patients showed significant improvement over 

time on the Cartoons Test, with again a significant treatment interaction effect indicating more 

improvement on this ToM measure for the T-ScEmo patients in both posttests, with medium effect 

sizes. With regard to the other ToM measure, the Faux Pas-Detection score, both groups improved 

over time, but no treatment interaction effects were found across both posttests, with small effect 

sizes. 

With regard to the social behavioral measures, also significant interaction effects in favour of the 

T-ScEmo treatment were found for the BAFQ-Emp-proxy at posttest-II, corroborated by a medium 

effect size. However, for the other BAFQ measures (BAFQ-Emp-self, BAFQ-SM-proxy and self ) no 

significant interaction effects were found. Neither did the DEX-Soc-self and DEX-Soc-proxy show 

that T-ScEmo patients improved more, although a decrease of social-behavioral problems was 

found for both groups over time.

With respect to the other outcome measures we found that for quality of life the QOLIBRI-

Burden scale showed a significant reduction of burden in the T-ScEmo group, with medium effect 
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T-ScEmo
(n=30)

Cogniplus
(n=29 )                

All patients
(n=59)

Healthy controls
(n=88)

Demograpic Sign. Sign.

Age (M (SD)) 43.8 (13) 42.3 (14) n.s. 43.2 (13) 43.1 (17) n.s.

Education (M/med) 5 / 5 5 / 5 n.s. 5 / 5 5 / 5 n.s.

(SD, range) (1, 1-7) (1, 4-7) (1, 1-7) (1, 2-7)

Male / Female (%) 72/28 93/7 n.s. 83/17 72/28 n.s.

Injury severity Mod/Sev (%) 33/67 41/59 n.s.

Chronicity in months (M/med) 86/55 109/59 n.s.

(SD, range) (86, 4-367) (111, 8-414)

Estimated IQ (M (SD)) 98.8 (10) 99.8 (10) n.s.

Cognitive functioning                              

WAIS-III Digit Span (M (SD)) 14.7 (4) 13.8 (4) n.s.

Memory IR (M (SD)) 40.6 (10) 42.2 (11) n.s.

Memory DR (M (SD)) 7.8 (4) 8.6 (3) n.s.

TMT – A (M (SD)) 38.5 (15) 38.8 (18) n.s.

TMT –BA (M (SD)) 2.0 (1) 2.2 (1) n.s.

TEA lottery (M (SD)) 9.2 (1) 9.1 (1) n.s.

Zoo-map (BADS) (M (SD)) 11.3 (4) 11.4 (5) n.s. 

Social cognition 

TASIT-short (M (SD)) 63.6 (7) 61.4 (6) n.s.    62.5 (7) 66.9 (5) ***

FEEST (M (SD)) 45.0 (8) 42.9 (7) n.s.    43.9 (7) 48.2 (5) ***

CT (M (SD)) 16.8 (6) 18.5 (7) n.s.    17.6 (7) 24.0 (6) ***

FP- Detection (M (SD))   8.5 (2) 9.0 (1) n.s.      8.7 (1)                9.1 (1) n.s.

Social behavior 

DEX-proxy (M (SD)) 35.6 (11) 33.8 (9) n.s.    34.7 (10) 15.2 (10) ***

DEX-self (M (SD)) 30.3 (14) 29.0 (12) n.s.    29.7 (13) 18.0 (8) ***

Table 2. Baseline means (and SDs), results of t-tests of demographic variables, social cognition and behavioral 
measures

sizes. No significant improvements were found on the QOLIBRI-Satisfaction scale (posttest-I and II). 

With regard to societal participation, the RRL indicated that all patients had resumed previous roles 

significantly more after treatment, but the T-ScEmo patients to a larger extent given the significant 

treatment interaction-effects and large effect sizes (posttest-I and II). With regard to the attainment 

of goals set before treatment (TGA) also a significant interaction effect was found in favour of the 

patients in the T-ScEmo condition on both posttests, with a large effect size, although also the 

Cogniplus patients showed improvement after treatment. 

Note.  Exp. group: experimental group T-ScEmo: Treatment of Social cognition and Emotion regulation. Control 
group: Cogniplus. WAIS-III Digit Span: Wechsler Adult Intelligence Scale. Memory IR: Immediate Recall. Memory 
DR: Delayed Recall. TMT: Trail Making Test. TEA: Test of Everyday Attention. Zoo-map (BADS): Behavioral 
Assessment of the Dysexecutive Syndrome. TASIT-short: The Awareness of Social Inferences Test – shortened. 
FEEST: Facial Expressions of Emotion Stimuli and Tests. CT: Happé Cartoons Test. FP: Faux Pas Test. DEX-proxy: 
Dysexecutive Questionnaire-proxy rated (T-ScEmo: n=30, Cogniplus: n=29, Healthy Controls: n=42). DEX-self: 
Dysexecutive Questionnaire-self rated *** p < .001; n.s., not significant.
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T-ScEmo (n=30) Cogniplus (n=29) Anova   T0-T1 Anova T0-T2

M T0 
(SD)

M T1 
(SD)

M T2    
(SD)

M T0 
(SD)

M T1 
(SD)

M T2 
(SD) Time TxG ES Time TxG ES

Social cognition tests

  TASIT-short 63.1 (7) 64.1 (6) 63.7 (7) 61.4 (6) 62.3 (7) 62.3 (7)   0.31 0.91 0.0   0.28   0.98 0.0

  FEEST 45.0 (8) 50.7 (6) 52.2 (5) 43.1 (8) 45.3 (7) 46.4 (7) <0.01* 0.01* 0.7 <0.01* <0.01* 0.8

  CT 16.8 (6) 21.3 (7) 21.9 (7) 18.5 (7) 20 (8) 19.8 (7) <0.01* 0.02* 0.6 <0.01*   0.02* 0.7

  FP- Detection   9.0 (1)   9.4 (.8) 9.3 (1) 8.5 (2) 9 (1) 9 (1)   0.01* 1.00 0.1   0.02*   0.81 0.1

Behavioral questionnaires

 DEX-Soc-self 19.3 (9) 15.9 (7) 16.5 (9) 17.6 (8) 14.4 (7) 15.2 (8) <0.01* 0.96 0.0 <0.01*   0.78 0.1

 DEX-Soc-proxy 23.0 (8) 18.0 (9) 19 (9) 21.4 (6) 20 (9) 19.3 (9) <0.01* 0.08 0.5 <0.01*   0.42 0.2

 BAFQ-SM-self 17.4 (5) 17.5 (4) 16.2 (4) 16.8 (3) 16.4 (3) 17.6 (3)   0.67 0.43 0.2   0.57   0.09 0.5

 BAFQ-SM-proxy 18.8 (4) 18.0 (4) 18.1 (4) 20 (5) 19 (5) 19 (5)   0.09 0.86 0.2   0.04*   0.98 0.0

 BAFQ-EMP-self 12.6 (4) 11.6 (3) 11.2 (3) 12.6 (3) 12 (3) 12 (4)   0.04 0.54 0.1   0.07   0.12 0.4

 BAFQ-EMP-proxy 15.7 (4) 13.5 (4) 13.3 (3) 14.7 (4) 14 (4) 14.5 (4) <0.01* 0.16 0.4 <0.01*   0.02* 0.6

Other 

 RRL overall   7.0 (3)   5.9 (3) 5.5 (3) 7.5 (3) 7.5 (3) 7.5 (3) <0.01* <0.01* 0.9 <0.01* <0.01* 1.1

 Qolibri satisfaction 127(28) 137(23) 139(23) 129(24) 139 (22) 139 (24)   0.10 0.32 0.0 <0.01*   0.87 0.0

 Qolibri burden 22.7(11) 18.9 (7) 19.3(12) 19 (9) 19 (8) 23 (13)   0.31 0.18 0.4   0.75   0.04* 0.6

 RQS-self 5.8 (1) 7.0 (1) 7.2 (1) 6.8 (1 ) 7.5 (1) 7.1 (2) <0.01* 0.16 0.6   0.01*   0.12 0.6

 RQS-life partner
 (n=30) 5.5 (1) 7.1 (1) 7.4 (1) 5.9 (2) 6.8 (1) 6.2 (2) <0.01* 0.18 0.5 <0.01*   0.02* 0.9

 TGA 12.5 (4) 20.1 (3) 20.1 (3) 14.3 (4) 17.9 (4) 18 (4) <0.01* <0.01* 1.2 <0.01* <0.01* 1.2

Posttreatment scales M T1 
(SD)

MT2
(SD)

M T1 
(SD) 

MT2 
(SD) T-Test T1 T-Test T2

TSS 4.0 (1) 4.0 (1) 3.3 (1) 3.3 (1) 2.3 (p 0.02)* 2.5 (p 0.02)*

TRS-life partner 
  (n =30) - 7.4 (1) - 5.4 (2)             - 3.0 (p 0.01)*

Table 3. Comparison on outcomes for experimental and control group Baseline - Posttest I - Posttest II (T0-
T1-T2)

Note. Anova: analysis of variance. TASIT-short: The Awareness of Social Inferences Test – shortened. FEEST: 
Facial Expressions of Emotion Stimuli and Tests. CT: Happé Cartoons. FP: Faux Pas. DEX-Soc: Dysexecutive 
Questionnaire social scales; Meta cognition, Social convention, Behavioral emotional self-regulation. BAFQ-
SM: Brock’s Adaptive Functioning Questionnaire – subscale Social monitoring. BAFQ-EMP: Brock’s Adaptive 
Functioning Questionnaire – subscale empathy. RRL: Role Resumption List. QOLIBRI: Quality of Life After Brain 
Injury. RQS: Relationships Quality Score. TGA: Treatment Goal Attainment. TSS: Treatment Satisfaction Scale. TRS: 
Treatment Result Scale. * Significant p value < Bonferroni Holm corrected alpha.

The posttreatment scales Relationship-Quality (RQS) and Treatment-Result (TRS) were intended for 

life partners only; of the 36 life partners, 30 completed the scales. Patients and life partners in both 

groups rated the RQS significantly higher compared to baseline, but life partners of patients in the 

T-ScEmo condition reported significantly more improvement at posttest-II, corroborated by a large 

effect size. Life partners (n=16) of T-ScEmo patients rated the TRS significantly higher compared to 

life partners (n=14) of Cogniplus patients. Finally T-ScEmo patients were more satisfied with the 

treatment results than Cogniplus patients (TSS). 
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Table 4 shows the results of repeated measures analyses on measures of attention and EF. Both 

groups improved on the TMT-A (posttest-I and II) and TEA lottery (posttest-I), but no interaction 

effects were found. 

TABLE 4.  Comparison on general cognitive measures for experimental condition T-ScEmo and control condition 
Cogniplus 

T-ScEmo (n=30) Cogniplus (n=29) AnovaT0-T1 Anova T0-T2

M (SD) MT0-T1 MT0-T2 M (SD) MT0-T1 MT0-T2 Time T x G Time T x G

Digit Span 14.7 (3.5) -0.1 -0.7   13.8 (3.9) 0.4 -0.3 n.s. n.s. n.s. n.s.

TMT-A 38.5 (14.8)  3.6  5.4   38.8 3.3  4.1 * n.s. * n.s.

TMT-B/A  2.0 (.6) -0.1 -0.2   2.2 (.8)  0.1  0.1 n.s. n.s. n.s. n.s.

TEA lottery  9.2 (1.3) -0.4 -0.4   9.2 (.9) -0.0 -0.1 ** n.s. n.s. n.s.

Note. Anova: analysis of variance. TMT: Trailmaking Test. TEA: Test of Everyday Attention. * p < .05 ** p < .01;  n.s., 

not significant.

DISCUSSION

This study is the first to report on the efficacy of a multifaceted treatment, T-ScEmo, aimed at 

improving a broad range of deficits in social cognition after TBI, with the final purpose to improve 

daily life social behavior and societal participation. Social-behavioral problems and social cognition 

deficits have always been considered difficult-to-treat symptoms after brain injury23, but we found 

that adhering to treatment was feasible for these patients, as there were almost no dropouts. 

Moreover, our study shows that T-ScEmo is effective in improving aspects of social cognition, namely 

facial affect recognition and theory of mind, as well as proxy-rated empathic behavior, quality of life, 

quality of the life-partner relationship and societal participation in individuals with moderate to 

severe TBI. These treatment effects last for at least 5 months posttreatment.

Despite the positive results on several measures, our primary outcome measure (TASIT-short) 

did not show improvement although at baseline patients were impaired on this measure. Not 

finding improvement might be related to the fact that we used a revised form of the original TASIT, 

namely the shortened Dutch TASIT. In a previous study in which we investigated the psychometrical 

aspects of this Dutch TASIT-short version, we found that performances of healthy participants were 

lower when they were administered parallel form-A shortly before form-B, indicating that order of 

assessment influenced performance33. An explanation for this order effect might be that the same 

actors played different roles in the vignettes of each version. We expected that this carry-over effect 

would fade with a longer time interval between assessments, which was the case in the present 

study. Nevertheless we cannot exclude that this may have influenced our results. The reliability of 

these parallel versions of the Dutch TASIT-short in measuring treatment effects may therefore be 

questionable and further investigation is needed to solve this problem. 

Several measures of social cognition did show large effects in favour of the T-ScEmo intervention. 
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As hypothesized, we found a significant improvement in facial affect recognition (FEEST) at both 

posttests for the T-ScEmo group, compared to the control patient group which only showed a 

slight improvement. This difference was corroborated by large effect sizes. Previous studies had 

already shown the efficacy of three separate strategies for facial affect recognition: facial-feature 

processing, mimicry and personal emotional experiences.13-15 In our approach we combined 

these three strategies in the first module targeting emotion recognition. Apparently, this was an 

effective therapy ingredient, in combination with the additional emphasis on emotion recognition 

throughout the treatment. Also, the T-ScEmo group showed a marked improvement compared 

to the control patients in the ability to develop a theory of mind (Cartoon test). However, such 

improvement was not found for another ToM test (FauxPas-Detection). A possible explanation for 

this lack of effect might be the lower sensitivity of the latter test as it already showed no significant 

differences between patients and healthy controls at baseline.

In addition to better scores on social cognition tests, we also found improvement in proxy-rated 

empathic behavior (BAFQ-EMP).26 This is an important finding, given that empathy is an essential 

component of interpersonal interactions and of paramount importance for significant others.44,45 

Wells and colleagues (2005), for instance, found that poor empathic behavior rated by TBI survivors 

and their significant others on the BAFQ, was significantly related to a reduction in significant 

others’ quality of life.41 Additionally, these authors found that a lack of empathy was the behavior 

with most detrimental influence on significant others’ life satisfaction compared to other social 

behavioral problems. Until now, an improvement in empathic behavior has never been found in 

previous studies on social cognition treatment. Neumann and colleagues (2015), for example, found 

an improvement in facial affect recognition following a facial feature intervention, but this did not 

generalize to the ability to empathize or to other social behaviors.15 Bornhofen and McDonald 

(2008) found an improvement in emotion perception as well, but again no carry-over effect to 

real-life social functioning.13 In T-ScEmo empathic behavior was stimulated throughout the three 

modules, in particular through role-plays, in which a significant other was intensely involved. We 

deem it likely that this was an effective ingredient of the treatment. Although patients improved 

their social behavior over time (DEX-Soc), the T-ScEmo group did not improve to a larger extent than 

the control group. This finding suggests that the rather general DEX-Soc items may be vulnerable 

for non-specific treatment effects. However, this conclusion can only be drawn very tentatively. As 

mentioned in the methods section, we included patients based on their post-injury problems in 

social functioning. According to normative data39, the baseline DEX-self and DEX-proxy reports were 

about one standard deviation higher compared to a general TBI sample studied one year after TBI46, 

and about one and half standard deviation higher compared to patients with posterior lesions.47 This 

implies that the current sample is behaviorally challenging48, but these patients can still participate 

and benefit from the T-ScEmo program. 

With regard to participation in everyday-life, patients in the T-ScEmo condition had resumed their 

previous roles (RRL) to a significantly higher extent than patients in the control condition, at both 
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posttests. Our hypothesis that improvement in social cognition would positively affect participation 

was entirely met. Furthermore, T-ScEmo patients were better capable to accomplish their pre-set 

treatment goals (TGA) at posttest I and II. Moreover, patients who received the T-ScEmo intervention 

reported a significant improvement in quality of life (Qolibri), as expressed in decreased levels of 

perceived burden at the second follow-up, in contrast with the higher burden rates reported by 

the patients in the control condition. This is an important finding given that quality of life is one 

of the most important outcome measures in healthcare and rehabilitation.49 Also, the T-ScEmo 

intervention improved the quality of partner relationship (RQS) to a significantly higher extent than 

the Cogniplus control condition, as indicated by life partner reports at posttest II. This finding is 

far-reaching, given the likelihood of marital-breakdown following TBI, with studies reporting rates 

ranging from 15 to 78%.50 Additionally, life partner relationship quality has been linked to overall 

health outcomes as well.51,52

We conclude that the multifaceted T-ScEmo, addressing social cognition in its entirety is a 

successful approach, leading to improvements in a broad range of real-life social skills. According 

to Ylvisaker (2005) it is challenging to teach social skills to persons with TBI, as these subjects may 

experience difficulties in transferring acquired knowledge to daily life or may lack motivation to 

change.48 In our study it appeared that T-ScEmo patients were capable to apply compensatory 

strategies after the treatment ends, reflected in delayed interaction effects and for some measures 

even higher improvements at the second follow-up than at the first posttest (BAFQ-EMP proxy, 

Qolibri, RQS-proxy). Apparently, patients learned to consolidate or even expand the benefits they 

received from the T-ScEmo program in everyday life functioning. We consider it important to address 

all the stages of social cognition within one treatment protocol, as these capacities are mutually 

dependent and jointly strengthen real-life social functioning. In addition to treating all aspects of 

social cognition, we consider the active participation of a significant other in the treatment a crucial 

element of this protocol.

As expected, we did not find differences between both interventions in basic cognitive 

functioning (e.g. attention, memory), as measured with neuropsychological tests. Cogniplus did 

not improve basic cognitive functions (Digit Span, TMT, TEA), as found in previous studies on the 

effects of computerized training of cognitive functions.42 However, patients in the control condition 

also reported some improvement in levels of societal participation (RRL), empathic behavior (BAFQ-

EMP), attainment of treatment goals (TGA), and quality of partner relationship (RQS), but to a much 

lesser extent than the T-ScEmo patients. This suggests that general, non-specific effects of treatment 

were also present. For instance, giving feedback after baseline assessment, knowing that one would 

participate in a study focusing on social functioning and being treated in a clinical setting might 

also have yielded positive effects.53,54 It appeared that all participants appreciated the treatment 

(TSS), but the T-ScEmo patients to a significantly higher extent.

The major strengths of this study are its randomized and controlled character, the high level 

of treatment compliance, the low number of drop-out and the use of a long term follow-up 
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assessment. Despite these strengths, some limitations have to be mentioned. First, the study 

included a relatively large number of outcome measures. We deemed this necessary to cover all 

relevant aspects of social cognition as well as relevant indications of social behavior and societal 

participation. To minimize the possibility of type 1 errors, we therefore used Bonferroni Holm 

corrections. Another limitation was that we included fewer patients than was calculated on the basis 

of the power analysis which may have contributed to not finding a significant effect on the primary 

outcome measure, but despite this lower power the current study still yielded several significant 

results on important measures. Furthermore, both treatment conditions were comparable in actual 

contact moments, but the neuropsychologist was more actively involved in the T-ScEmo condition 

than in the Cogniplus condition. Besides that, significant others were also more actively involved in 

T-ScEmo. In addition, T-ScEmo patients received homework assignments in contrast to the Cogniplus 

patients, necessitating them to spend somewhat more time to this treatment. It is possible that 

these nonspecific differences have added to the overall treatment gain. Although the results of the 

present study can only be generalized to patients with moderate to severe TBI, we deem it likely that 

the findings of this study are replicable in other patient groups with acquired brain damage (i.e., 

stroke, brain tumor) affecting prefrontal circuits and resulting into deficits in social cognition. In the 

present study we evaluated the overall effects of a multifaceted treatment, but because strategies 

and techniques applied in T-ScEmo were offered in combination this impeded the study of the 

effects of individual treatment ingredients. 

In conclusion, this first randomized controlled trial investigating a multifaceted social cognition 

treatment following TBI has provided evidence for positive effects on long-term emotion recognition, 

theory of mind formation, empathic behavior, participation in daily life, quality of partner 

relationship and quality of life in general. We consider this combined social cognitive and social 

behavioral approach a valuable and feasible contribution to the selection of neuropsychological 

rehabilitation programs available for clinical practice. 
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Chapter 7

The chapters in this dissertation have been arranged around two major themes: the ecological 

validity of assessment and the effectiveness of treatment of deficits in social cognition after 

moderate to severe traumatic brain injury (TBI). First, the aim was to study the assessment of social 

cognition with ecologically valid measures with important everyday life relevance (chapter 2, 3, 4). 

Second, a multifaceted treatment for deficits in social cognition and emotion regulation (T-ScEmo) 

is developed and its significance for everyday functioning evaluated (chapter 5 and 6). In this 

final chapter, the main findings are described followed by methodological considerations, clinical 

implications, closing with some recommendations for future research. 

SUMMARY OF CHAPTERS AND MAIN FINDINGS

In chapter 2 the reliability and validity of the shortened version of The Awareness of Social 

Inferences Test (TASIT-short) is examined. The TASIT-short assesses emotion recognition and social 

inferences in dynamic social interactions (film-vignettes). A hundred-and-fourteen participants 

have been included: 98 healthy controls and 16 patients with acquired brain injury. The TASIT-short 

appears sensitive to brain injury as it significantly differentiated between the healthy controls and 

the patients with acquired brain injury. Analyses confirms the ecological validity of TASIT-short

In chapter 3 the relation between the recognition of fearful faces of others and risky decision 

making was evaluated. Recognition of fear on facial expressions is generally associated with the 

ability to experience fear using it as a warning signal to guide risky decision making. To investigate 

this, 49 patients with TBI and 59 healthy participants have been assessed with a test for emotion 

recognition test (Facial Expression of Emotion: Stimuli and Tests) as well as a gambling task (Iowa 

Gambling Task). Patients with TBI perform far less adequate on fear recognition and decision making 

in comparison to the healthy group. Further, in patients with TBI as well as in healthy participants, 

significant relationships have been found between better fear recognition followed by the choice 

of beneficial strategies across the decision making task, and less risky behavior. The results of this 

study indicate an obvious link between poor recognition of fearful faces, impaired decision making 

and a preference for risky behavior.

According to the results presented in chapter 4, measures for social cognition explains a large 

proportion of variance in two statistical prediction models for social and vocational participation 

in a TBI group (n = 63). The inclusion of social cognition predictors, in particular Theory of Mind, 

yielded additional explained variance which was significant over and beyond the amounts of 

variance explained by measures for executive functioning, dysexecutive behavior and age and 

injury severity. This is an important finding given that recognition of these deficits at an early stage 

may allow early treatment, thus preventing an unfavorable outcome, and making them important 

targets for rehabilitation.

Chapter 5 contains a detailed description of the multifaceted treatment protocol, including 

recommendations for clinical practice and future treatment opportunities.

In a randomized controlled trial (chapter 6), 59 outpatients with moderate to severe TBI and 
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impairments in social cognition have been treated either with the newly developed multifaceted 

T-ScEmo protocol or control treatment, a computerized cognitive training aimed at improving 

general cognitive functioning. After treatment, the T-ScEmo group performed significantly better 

on several relevant measures compared to the control group, which is also reflected in larger effect 

sizes. On follow up the improvement pertained to measures for emotion recognition, perspective 

taking, empathy, societal participation, quality of life and quality of life partner relationships. This 

demonstrates that the use of the compensatory strategies that had been taught is preserved over 

time and that these strategies had been independently applied, without the continuing support 

of neuropsychologists. Also, the results have not been caused by retest-effects, Hawthorne effects, 

effects of practice or spontaneous recovery, since the experimental group outranked the control 

group. Hence, impairments in social cognition can be effectively dealt with by using the multifaceted 

treatment protocol.   

ASSESSMENT OF SOCIAL COGNITION

Test characteristics

Although deficits in social cognition after brain injury have received a lot of research attention 

lately, there still is a lot to be gained in the clinical field. Hence, the relevant topic at hand would 

be the use of social cognition tests in clinical practice. Recently, Kelly and colleagues (2017) have 

reported that neuropsychologists estimate the presence of deficits in social cognition following 

severe TBI to be high; nevertheless, the vast majority still trusts on clinical observations only instead 

of trying to objectify these deficits with tests.1 In the Netherlands, a number of social cognition tests 

are available. The ecological validity of these tests is largely unknown, yet it is crucial to establish 

to what extent performances in such tests are useful to predict everyday functioning.2 Chaytor 

and Schmitter-Edgecombe (2003) have described two approaches to define ecological validity in 

neuropsychological assessments: verisimilitude and veridicality. Verisimilitude refers to “the degree 

to which the cognitive demands of a test theoretically resemble the cognitive demands in the 

everyday environment”.3 Following this line of thought, a test with dynamic stimuli, such as The 

Awareness of Social Inferences (TASIT), would resemble real-life situations more appropriately than 

tests with static stimuli like the facial photographs of the Facial Ekman Expression Stimuli and Test 

(FEEST), and may therefore, have higher ecological validity. Veridicality is defined as “the degree to 

which existing tests are empirically related to measures of everyday functioning”.3 According to this 

notion, a test with static stimuli, such as the FEEST, can still be considered ecologically valid as long as 

a significant relation with behavioral impairments in everyday functioning has been demonstrated.4 

Association of social cognition tests with indices of everyday functioning

Within the context of this dissertation, we investigated the ecological validity of social cognition tests 

with both the veridicality and verisimilitude approach. The verisimilitude approach by evaluating a 

measure for social cognition that is closer to real-life social situations than the currently available 
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measures, since film-clips of social interactions have been used (chapter 2). Indeed, The TASIT-

short proves to be sensitive for detecting deficits in social cognition after brain injury. However, 

its reliability in reassessments and therefore sensitivity to detect change is questionable due to 

crossover effects, as mentioned in chapters 2 and 5. It is an inherent characteristic of tests using 

dynamic stimuli that a specific cognitive function in isolation can hardly be measured. Hence, it is 

unknown to what extent “background noises” of other cognitive dysfunctions may also be reflected 

in test performances. Film vignettes, with rapidly changing social information, for instance, also 

require swiftness of information procession and divided attention capacities. Consequently, a task 

that shows better similarities to daily life situations is not necessarily a better test for measuring a 

specific deficit.

Consistent with the verisimilitude approach, behavioral questionnaires by a self and a significant 

other have been included in order to observe behavior in the everyday environment. By comparing 

both perspectives we were able to examine impaired self-insight and objectify the behavioral 

problems of patients with TBI in everyday functioning. 

The traditional FEEST with its static pictures5, appears sensitive to deficits in facial emotion 

recognition in patients with TBI (chapter 2, 4, 6), has been significantly related to work resumption 

(chapter 4) and the recognition of fearful faces has been associated significantly with risky decision 

making (chapter 3). Further, the FEEST remains sensitive across (re)assessments and appears to be 

a valid measure of treatment effect (chapter 6). However, the FEEST appears to be no significant 

predictor in the prediction models for social and vocational participation (chapter 4). Adequate 

emotion recognition is considered a prerequisite for the ability to form a ToM and understand the 

thoughts and feelings of others. According to chapter 4, however, it is even more important to 

adequately interpret these emotional signals and their meaning within a specific social context, that 

it is to have an intact ToM ability. The static tests for ToM are reported to be significant predictors in 

both statistical prediction models for participation (chapter 4) and one of them, the Cartoon Test, also 

measures a significant improvement after treatment (chapter 6).     

So far, we have demonstrated in our studies that traditional static tests for social cognition prove to 

be: 1) sensitive for brain injury, 2) valid measures of treatment effect, 3) sufficiently associated with 

real-life behavioral problems, 4) valid predictors of participation (chapter 2, 3, 4 and 6), indicating 

that they are ecologically valid. Altogether this indicates that static tests (i.e., FEEST, Cartoons Test, 

Faux Pas Test) combined with a behavioral questionnaire (i.e., DEX) are strongly recommended to 

become part of neuropsychological assessments post-TBI, in order to make a more accurate and 

complete prediction of patient’s everyday functioning. 

CLINICAL IMPLICATIONS FOR TREATMENT

Multifaceted treatment

The effects of the newly developed multifaceted treatment of social cognition and emotion 

regulation (T-ScEmo) have been evaluated in a randomized controlled trial (RCT, see Chapter 5 



532802-L-bw-Westerhof532802-L-bw-Westerhof532802-L-bw-Westerhof532802-L-bw-Westerhof
Processed on: 26-6-2019Processed on: 26-6-2019Processed on: 26-6-2019Processed on: 26-6-2019 PDF page: 111PDF page: 111PDF page: 111PDF page: 111

111

Summary and general discussion

7

and 6). This is the first study evaluating the effects of a multifaceted treatment on social cognition 

in such a design, i.e. with effects on several aspects of both social cognition and everyday social 

functioning and participation. 

The T-ScEmo protocol includes teaching patients compensatory strategies for deficits in social 

cognition combined with behavioral skills training (Chapter 5). The treatment ingredients have built 

upon and presumably strengthened each other. By offering some variety in treatment options the 

protocol successfully fits the heterogeneous patient population with its diversity of problems in 

social cognition (Chapter 5 and 6). Although this comprehensive treatment approach proves to 

be overall effective, it remains hardly possible to identify the specific effective ingredients of this 

approach. However, we are convinced that crucial elements of the treatment success pertain to: 1) 

starting out with an elaborate neuropsychological assessment to identify patients’ strengths and 

weaknesses, 2) offering psycho-education to increase patients’ insight and herewith encourage 

treatment motivation (chapter 2, 4, 5 and 6), 3) applying a multifaceted treatment approach 

targeting on a broad range of social cognition and behavioral aspects (chapter 5, 6), in addition to 

4) participation of a significant other within the treatment to restore communication, offer ongoing 

feedback and counseled practice in shared everyday functioning (chapter 5, 6).

Insight and motivation

From the literature we know that patients with TBI tend to under-report behavioral problems.4,6 

Given the discrepancies between self and significant other reports that we found, the reasoned 

conclusion would be that within this specific patient sample lack of insight or denial of problems are 

common (see chapter 4 and 6). Poor insight is considered an important hindrance to rehabilitation 

as well, given its negative impact on treatment adherence and apparent lack of motivation to 

change.7-9 Armed with this knowledge, attempts to improve insight and motivation for treatment 

were twofold. Each patient’s lack of self-insight has been assessed by comparing the patients self-

ratings to the reports on everyday behavioral problems by their significant others. Differences 

between both perspectives are addressed in the psycho-education session. As a rule, discussion 

within a treatment session between patients and their significant others about who is right is 

usually avoided, and both are invited to work together towards a higher quality relationship and 

improved functioning in general (see chapter 5). Further, active reflection on and correction of social 

behavior have been the key factors in increasing patients’ insight (Chapter 5 and 6). Within role-

playing, for instance, the consequences of insensitive behavior are addressed (i.e., hurting others) 

and socially appropriate behavior is practiced. Although not directly measured in the RCT, it was 

clinically noticed that patients became increasingly aware of the consequences of inappropriate 

behavior, making efforts preventing such behavior sometimes with the aid of an external signal 

and applied damage control (see case study, chapter 5). We deem it likely that all of these elements 

contributed to improved insight along with adhesion to treatment given the low dropout rates in 

the RCT (chapter 6). 
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Challenges to social learning

Providing patients with social skills treatment after moderate to severe TBI has been found 

challenging since the patients’ shortfalls in: 1) self-awareness, 2) motivation to change social 

behavior, 3) knowledge of social rules and roles, 4) self-regulation, and 5) capacity to transfer learned 

skills within the treatment context to real-life situations.10 Consequently, it is hard for patients to 

adapt well to a variety of social contexts without sufficient understanding and responsiveness to 

own and other's emotions and mental states, and besides these, without an active knowledge of 

specific situational rules (chapter 5 and 6).

In the T-ScEmo protocol, patients with poor social information processing had to learn strategies 

and behavioral skills within a social context. The neuropsychologist served as a role model to 

strengthen social learning and the learning from others. During the sessions, patient behavior has 

been carefully observed in order to correct inappropriate or antisocial utterances (see chapter 5). 

Further, information and strategies for social reciprocity (e.g., social rules, conventions) have been 

included to address patients’ lack of declarative and procedural knowledge. By way of role-playing 

social behavior was practiced in various contexts, and on various levels of complexity. To stimulate 

transfer to the real world patients received homework assignments. Based on literature, the training 

of significant others has been incorporated in the T-ScEmo protocol (chapter 5 and 6).10,11 Significant 

others stimulate communication about feelings, expectations and intentions, offering ongoing 

feedback and counseled practice in everyday life (chapter 5). To make social learning work, patients 

have to learn from the ‘right’ others.12 In future research, it will be interesting to determine a number 

of specific characteristics of these significant others and to evaluate their additional contribution to 

the effects of treatment.

 

CLINICAL RECOMMENDATIONS

 When to start assessment and treatment?

Since most deficits in social cognition barely recover spontaneously over time, there should be a 

neuropsychological assessment within three months post-TBI.13 Hence, an early assessment offers 

the opportunity to identify any problems in time, and consequently start education of patients and 

their relatives about the problems. For an effective timing it is recommended to start treatment six 

months post-TBI at the earliest, when patients have resumed some of their activities and possibly 

have already had to face social difficulties in everyday functioning. It is very likely, however, that 

patients do not spontaneously develop a full awareness of their socio-behavioral problems as 

has been described in studies comparing reports of patients and significant others.4,14 It should 

be clear not to wait too long with treatment given the harmful consequences of social cognition 

impairments in work and relationships (chapter 4). Moreover, as has been noted earlier, treatment 

can further improve patients'  insight  (chapter 5, 6). 
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Whom to offer T-ScEmo?

As mentioned in chapter 6, the T-ScEmo protocol is an effective method for patients with a 

moderate to severe TBI. In anticipation of treatment, information about patients’ learning capacity 

is necessary to maximize treatment effect. Some patients, for instance, need carefully prepared 

repetition assignments of strategies or additional compensatory memory aids. Undoubtedly, there 

are bound to be differences in treatment effect based on individual variance. In future research, it is 

considered important to apply regression analyses and identify the patient characteristics favorable 

to significant improvements in the T-ScEmo condition, such as age, intelligence, educational level 

or general cognition.

Furthermore, we deem it plausible for patients with deficits in social cognition due to types 

of acquired brain injury other than TBI, to profit from the multifaceted T-ScEmo protocol. Cipolotti 

and colleagues (2015), for instance, found no differences in frontal lesions and none in executive 

dysfunction across patient groups with different neurological etiologies (i.e., cerebrovascular 

accidents, low-grade brain tumor, high-grade brain tumor, meningitis).15 Similarly, in a study on 

emotion recognition no differences have been found between various neurological conditions.16 

Different types of brain injury may obviously lead to identical social cognitive deficits. In the 

T-ScEmo pilot study that preceded the RCT, patients with various types of acquired brain damage 

had been included when deficits in social cognition had been registered. In this pilot study, the 

clinical experiences were comparable to patients with TBI. So far, the T-ScEmo protocol may be 

useful for other types of patients with acquired brain injury, provided that they have deficits in social 

cognition and associated behavioral problems. However, this can only be considered evidence 

based practice after thorough evaluation of the effectiveness in these particular patient groups.  

Experiences of significant others

Ponsford and colleagues (2003) have described that changes in patients' behavior following TBI 

also relate to increased emotional distress experienced by life partners and unhealthy family 

functioning.17 Over time, life partners reported increasing levels of burden, feelings of insufficiency, 

as well as fear or anger.18,19,20,23 As mentioned in chapter 6, life partners of patients in the T-ScEmo 

condition reported a higher relationship quality on follow-up, compared to life partners of control 

patients. One can speculate about the possible factors contributing to these ratings of increased 

relationship quality. Relevant factors are likely to include improved understanding of social cognitive 

consequences by life partners resulting in less conflicts, or patient’s overall improvements in social 

cognitive functioning. Further research is necessary to find the key factors (chapter 5 and 6). 

Risk behavior

In agreement with our expectations, we found that poor fear perception and risky decision making 

are co-occurring phenomena (see Chapter 3). According to Blair’s Integrated Emotion System, 

amygdala dysfunction can impair the ability to detect others’ distress and thereby contribute to 
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inappropriate or antisocial behavior.21 Marsh and Blair (2008) reported in a meta-analysis that 

antisocial populations across twenty studies showed specific deficits in the recognition of fearful 

facial affect.22 Recently, Vermeij and colleagues (2018) have found that the connection between 

the amygdala and prefrontal cortex was disturbed in psychopaths with impulsive and antisocial 

characteristics.23 Thus, if individuals are not able to detect or feel the distress they are causing to 

another person, there is no signal to stop the behavior that is causing the harm. A pioneering study 

of Brooks and colleagues (1986) reports that after having sustained a severe TBI, patients' use of 

threats or gestures of violence may increase dramatically over time.24 Although under-recognized, 

the rate of delinquents with a TBI is high and may vary between 31-83 percent worldwide.25 In a 

longitudinal study carried out by Elbogen and colleagues (2015), an increased risk of arrest following 

TBI is observed.26 Furthermore, a higher prevalence of TBI in men detained for burglary, sexual or 

violent offenses is reported, suggesting a possible relation between emotional and behavioral 

dysregulation and risky decision making.25 After T-ScEmo improved levels of empathy have been 

found, but its effects on aggression are yet unknown. Further investigation of the T-ScEmo protocol 

is of interest in order to analyze its potential protective long-term effects. 

DIRECTIONS FOR FUTURE RESEARCH

Assessment of treatment elements

Future studies on a multifaceted social cognition treatment are recommended to investigating the 

effectivity of treatment elements. To understand emotion recognition and the treatment strategies 

improving this ability, analyzing emotion recognition skills before and after treatment with eye 

tracking methods may be fruitful. It is known from the literature that patients with amygdala 

lesions process eye information less effectively, therefore eye tracking data may provide a better 

understanding of the role of visual scanning in emotion recognition.27 An eye tracking scanning 

technique can specify the facial regions of interest (i.e. eyes, mouth, nose, and off regions). In this 

way it could be made clear whether patients have made lasting changes in detecting emotions 

after treatment, and could herewith be determined if these were the particular compensatory 

adaptations that have resulted in the improved emotion recognition.

Treatment: some critical remarks

As a result of our research, an evidence-based protocol for improving social cognition and emotion 

regulation now becomes available for patients with TBI. Nevertheless, therapy consisting of 16-

20 individual treatment sessions seems to be quite long and expensive, for patients (i.e., time, 

transport) as well as health insurance companies. In future studies e-learning sessions may be made 

available for patients to practice and rehearse strategies at home, which will limit costs considerably. 

Future studies may incorporate additional e-learning sessions to reduce costs as patients will be 

able to practice or rehearse strategies at home. Inclusion of virtual reality treatment elements may 

further lessen the total amount of sessions and costs, by simulating social activities using virtual 
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feedback techniques. Nevertheless, it is recommended to keep the focus of the treatment on 

learning within the social context to allow for the transfer of newly learned behavioral skills to the 

everyday environment.

CONCLUSION

In research there is a growing interest in deficits in social cognition after moderate to severe TBI, 

yet the transfer to the clinical field has been limited so far. This dissertation attempts to bridge this 

cap. The tests for social cognition appeared sensitive for brain injury, correspond with everyday 

functioning, are associated with and are related to risky behavior predicting social and vocational 

participation. Moreover, the randomized controlled trial has resulted in an evidence-based treatment 

protocol for deficits in social cognition that should improve several aspects of social functioning in 

everyday life. 

To conclude, the assessment and treatment of social cognition in patients with TBI is complex 

for its variety in determinants and the need for an individualized approach. Therefore, measuring 

and treating such challenging deficits in patients with a lack of insight and poor motivation requires 

a lot of effort. However, these efforts will turn out to be worthwhile  when everyday functioning of 

patients with TBI actually improves.
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NEDERLANDSE SAMENVATTING

Stoornissen in de sociale cognitie komen frequent voor bij patiënten met middelzwaar tot ernstig 

traumatisch hersenletsel (THL). Deze stoornissen manifesteren zich bijvoorbeeld in de vorm van 

onaangepast, egocentrisch, ontremd of emotioneel vervlakt gedrag. Vaak hebben patiënten 

moeite om emoties van anderen af te lezen, sociale situaties te interpreteren en het eigen gedrag 

hierop af te stemmen. De patiënt heeft vaak geen of onvolledig inzicht in deze sociale tekorten. 

Stoornissen in de sociale cognitie kunnen dan ook een desastreuze impact hebben op relaties en 

de maatschappelijke participatie van de patiënt.   

In hoofdstuk 1 wordt een algemene inleiding gegeven waarin de concepten traumatisch 

hersenletsel, gedragsproblemen, sociale cognitie en revalidatie worden toegelicht. Daarnaast wordt 

het meten en behandelen van stoornissen in de sociale cognitie geïntroduceerd. Het doel van dit 

proefschrift is tweeledig: a) het meten van sociale cognitie met ecologisch valide meetinstrumenten, 

en b) het evalueren van een behandeling voor stoornissen in de sociale cognitie en emotieregulatie 

na THL.  

Hoofdstuk 2 beschrijft de psychometrische eigenschappen van de sociale cognitietaak "The 

Awareness of Social Inferences Test" (TASIT). Aangezien de originele Australische versie van de taak 

een afnameduur heeft van negentig minuten zijn er twee korte Nederlandstalige parallelversies 

ontwikkeld. De TASIT-short bestaat uit vignetten met dynamische sociale interacties. In het eerste 

onderdeel wordt de basale emotieherkenning gemeten (angst, boosheid, verdriet, verbazing, 

walging en blijdschap) en in het tweede en derde deel wordt de detectie van sarcasme en leugens 

getoetst. Hierbij wordt er een beroep gedaan op sociale gevolgtrekkingen, waarbij men zich 

moet inleven in de acteurs. De resultaten bevestigden de ecologische validiteit van de test. Er 

werd geconcludeerd dat prestaties op beide parallelversies van de Nederlandstalige TASIT-short 

niet geheel vergelijkbaar zijn in een groep gezonde proefpersonen. De test bleek gevoelig voor 

hersenletsel. Dit wil zeggen dat patiënten met hersenletsel significant lager scoorden op de TASIT-

short vergeleken met de gezonde proefpersonen.

Hoofdstuk 3 richt zich op de samenhang tussen angstdetectie en risicovolle besluitvorming. 

Angst is een belangrijke emotionele reactie dat sturing geeft aan besluitvorming in onzekere of 

ambigue situaties. Zowel de herkenning van angstige emotionele expressies als de besluitvorming 

kan gestoord zijn na THL. Dit wordt met name gevonden als de frontaalkwab beschadigd is. 

Vanuit de literatuur wordt er samenhang verwacht tussen het vermogen om andermans angst te 

herkennen en zelf angst te kunnen ervaren. Het opmerken van angst zou als waarschuwingssignaal 

kunnen fungeren en zodoende (risicovolle) besluitvormig sturen. Hieruit ontstond de hypothese dat 

een betere angstherkenning zou samenhangen met een betere regulatie van risicovol gedrag. De 

resultaten in hoofdstuk 3 bevestigden deze hypothese. Patiënten met THL presteerden significant 

lager dan de gezonde controles op zowel de angstherkenning als op de goktaak waarmee het 

nemen van risicovolle beslissingen werd getoetst. In zowel de groep patiënten met THL als de 

gezonde groep werd een significante samenhang gevonden tussen een betere angstherkenning 
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en het ontwikkelen van een gunstige strategie op de goktaak (zij maakten minder risicovolle 

keuzes). En anderzijds, mensen met een lagere score op de herkenning van de angstige emotionele 

gezichtsexpressie maakten meer risicovolle keuzes. Hiermee werd de samenhang aangetoond 

tussen risicovolle besluitvorming en een stoornis in het verwerken van angst.      

In de klinische praktijk is het van groot belang om uit te zoeken of er bij patiënten met THL 

stoornissen in de sociale cognitie aanwezig zijn. Daarbij is het belangrijk om een inschatting te 

kunnen maken van de impact van deze stoornissen op de uiteindelijke situatie van de patiënt. 

Daarom is in hoofdstuk 4 onderzocht in hoeverre maten voor sociale cognitie, executief 

functioneren en dysexecutief gedrag bijdragen aan de statistische predictie van sociale 

participatie en arbeidsparticipatie, waarbij er rekening werd gehouden met leeftijd en ernst 

van het hersenletsel. In een groep van 63 patiënten met middelzwaar tot ernstig THL werd de 

semigestructureerde rolhervattingslijst afgenomen, met onder andere de schalen sociale participatie 

en arbeidsparticipatie. Executief functioneren werd gemeten met een planning en een switching 

taak. De sociale cognitie werd onderzocht met maten voor emotionele gezichtsherkenning en 

theory of mind (ToM). Het dysexecutief gedrag werd gemeten met een vragenlijst, ingevuld door 

een belangrijke naaste. Daarnaast werden gezonde controles onderzocht met deze maten. De 

patiëntengroep met THL presteerde significant lager op de testen voor sociale cognitie en executief 

functioneren vergeleken met de gezonde controlegroep. Daarnaast scoorden naasten van de 

patiënten met THL significant meer gedragsproblemen dan de naasten van de gezonde controles. 

De hiërarchische multiple regressieanalyse onthulde dat sociale cognitie 22 procent extra variantie 

verklaarde in arbeidsparticipatie en 10 procent extra variantie in sociale participatie. Dit was een 

significante bevinding, waarbij sociale cognitie meer aan de predictiemodellen toevoegden dan de 

predictoren executief functioneren, dysexecutief gedrag, leeftijd en zwaarte van het letsel. Hiermee 

werd de toegevoegde waarde aangetoond van de testen voor sociale cognitie in het voorspellen 

van sociale participatie en arbeidsparticipatie na THL. In het bijzonder waren de problemen in 

theory of mind en dysexecutief gedrag gerelateerd aan een lagere participatie. Het meten van 

deze problematiek in een vroeg stadium verdient de aanbeveling, om tijdig behandeling te kunnen 

bieden en zodoende een ongunstige situatie te kunnen voorkomen. Deze resultaten geven dan ook 

een belangrijk aangrijpingspunt voor neuropsychologische revalidatie.

Slechts enkele studies hebben de effectiviteit getoetst van behandeling voor stoornissen in 

de sociale cognitie na THL. Bovendien beschreven de gepubliceerde studies slechts behandeling 

van één aspect van sociale cognitie. De studies beschreven verbeteringen, maar de generalisatie 

van geleerde vaardigheden naar het dagelijkse leven was beperkt. Hiertoe ontwikkelden wij een 

behandelprotocol gericht op de drie stadia van sociale cognitie, om zodoende te evalueren of dit 

een effectievere aanpak van de problematiek zou zijn. In hoofdstuk 5 wordt de rationale, design 

en inhoud beschreven van de behandeling voor sociale cognitie en emotieregulatie (T-ScEmo). De 

behandeling is gericht op het verbeteren van de sociale cognitie, emotieregulatie en alledaagse 

participatie. Een aantal strategieën en methodes zijn afgeleid uit eerdere effectief gebleken 
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studies, en gecombineerd, aangepast en uitgebreid met nieuw materiaal. T-ScEmo bestaat uit 20 

uitgewerkte individuele sessies, met drie modules: 1) emotieherkenning, 2) perspectiefname en 

theory of mind, 3) regulatie van sociaal gedrag. Het protocol bevat: het stellen van doelen, psycho-

educatie, functietraining, strategietraining, zelf-monitoring en reflectie, rollenspel met deelname 

van een naaste en huiswerktaken. Het wordt sterk aanbevolen om de patiënt alle drie de modules 

aan te bieden, omdat de ingrediënten op elkaar voortbouwen. De neuropsycholoog kan wel 

variëren in de gespendeerde tijd per module, uiteraard toegespitst op de individuele behoeften en 

doelen van de patiënt. In de toekomst kan de ontwikkeling van e-learning modules en virtual reality 

de behandelduur mogelijk verkorten. 

Hoofdstuk 6 beschrijft de randomized controlled trial (RCT) en richt zich op het effect van de 

T-ScEmo behandeling in een groep patiënten met middelzwaar tot ernstig THL. In deze studie zijn 

61 patiënten met THL gerandomiseerd toegewezen aan de experimentele T-ScEmo conditie of de 

Cogniplus controleconditie. T-ScEmo betreft een compensatie strategietraining voor beperkingen 

in emotieherkenning, theory of mind en sociaal gedrag. Cogniplus is een gecomputeriseerde 

cognitieve functie training. Beide interventies werden in 16 tot 20 wekelijkse sessies van zestig 

minuten gegeven. Er werden testen voor sociale cognitie afgenomen en tevens vragenlijsten 

voor sociaal gedrag (zelf en proxy-gerapporteerd), tijdens de basismeting vlak voor de start 

van behandeling, direct na behandeling en drie tot vijf maanden na behandeling. Vergeleken 

met de controlegroep was er een significant grotere verbetering in de T-ScEmo groep op maten 

voor emotionele gezichtsherkenning, theory of mind, empathisch gedrag (proxy-rapportage), 

maatschappelijke participatie en het behalen van de behandeldoelen, effecten die werden 

gevonden op beide nametingen. Tijdens de uitgestelde nameting, rapporteerde de T-ScEmo 

groep tevens een hogere kwaliteit van leven. Ook scoorden de partners van T-ScEmo patiënten 

een significant hogere relatiekwaliteit vergeleken met de controlegroep. Geconcludeerd wordt 

dat stoornissen in de sociale cognitie effectief behandeld kunnen worden met het multimodale 

T-ScEmo protocol, met positieve verbeteringen in het alledaagse sociaal functioneren.

Het laatste hoofdstuk van dit proefschrift (hoofdstuk 7) bevat een samenvatting en een 

algemene conclusie. In dit hoofdstuk worden de resultaten en de implicaties voor de klinische 

praktijk bediscussieerd. Hierbij worden de sterke kanten en beperkingen van de studies besproken. 

Vervolgens worden suggesties en aanbevelingen gedaan voor vervolgonderzoek. Er wordt 

geconcludeerd dat het meten en behandelen van stoornissen in de sociale cognitie in patiënten 

met THL een proces vol uitdaging is. Het diagnosticeren, informeren, motiveren en behandelen 

van patiënten met gedragsproblemen en een beperkt ziekte-inzicht vergt veel inspanning. Deze 

inspanning is echter waardevol wanneer het alledaagse leven van patiënten met THL daadwerkelijk 

verbetert. 
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mee te delen of de hoogtepunten mee te vieren. Wat een mooie herinneringen heb ik aan de 

congressen in onder andere Aarhus, Amsterdam, Basel, Bergen, Glasgow, Tampere en Praag. Gera, 

ik heb inmiddels geen blaren meer van onze gezellige Praagse slenterpartij (ofwel stedentrip in 

één dag). Opdat onze paden nog maar vaak mogen kruisen! Thialda, met jou heb ik toch echt de 

meeste tijd gedeeld. Wat was het fijn om een lotgenoot te hebben in de wondere wereld van het 

"multicenter" RCT onderzoek. Het heeft het uitvoeren van het onderzoek absoluut een stuk gezelliger 

gemaakt. En, er zijn geen computers door het raam gegaan ;-). Nu zijn we allebei klaar, netjes binnen 

de termijn die we gekscherend op tien jaar hadden gesteld. Hopelijk mogen er nog veel borrels, 

etentjes en wielrentochtjes volgen. Of misschien eerst toch maar degelijke wandeltochtjes met de 

kinderwagen...?

Collega’s van de afdeling Neuropsychologie, Anne, Sandra, Maraike, Rients, Joke, Marleen, Grace, 

Willy en Elly, ik voel me altijd welkom als ik kom buurten voor overleg en/of wat gezellige afleiding. 

Bedankt voor jullie betrokkenheid en ook voor die lekkere kopjes koffie.  

Uiteraard wil ik ook alle collega’s van het UMCG, Centrum voor Revalidatie, locatie Beatrixoord 

bedanken. Sommigen zijn inmiddels met pensioen of elders werkzaam, anderen zijn nog dagelijks 

betrokken. Antoinette, ik herinner me ons gesprek of ik nu wel of niet moest solliciteren op dit 

onderzoeksproject. Ik ben blij dat je me dat laatste zetje hebt gegeven. Maarten, hierbij bewezen, 

onderzoek en klinisch werk blijken prima te combineren ;-). Manya, heel hartelijk dank voor het 

tekstueel verbeteren van de inleiding en discussie. Bij het ontstaan van tijdsdruk is het superfijn 

als er een paar extra ogen meelezen. Annemarie, jij wist mijn enthousiasme voor wetenschappelijk 

onderzoek goed te waarderen en verder aan te wakkeren. Dat begon tijdens mijn geïntegreerde 

stage, toen het ontwikkelen van vermoeidheidsvragenlijst DMFS en daarna de stap naar 

promotieonderzoek. Het was heel fijn om een vakkundige behandelaar en onderzoeker naast me 

te hebben, bedankt voor je hulp. Meike, Maaike F., Marycke, Hester, Inge, Rianne, Evelien, Jennifer, 

Vera, Annemarie, Nathalie, Ingrid, Janet, Eline, Maaike de G. en Natalie, bedankt allemaal voor jullie 

positieve belangstelling en betrokkenheid, de fijne samenwerking en gezelligheid tijdens lunches 

en etentjes. Dit geldt natuurlijk ook voor de revalidatieartsen en alle andere collega’s van het 

cluster Neurorevalidatie die mijn onderzoek belangstellend volgden, bedankt voor jullie steun. Dat 

er geswingd kan worden weet ik sinds het teamuitje zeker...! Marleen Schönherr in het bijzonder 

bedankt voor je betrokkenheid en de prettige samenwerking tijdens het onderzoek. Wellicht 

komt er nog een vervolgstudie. Hoe mooi zou dat zijn! Ook wil ik Joann en Trisca graag bedanken. 

Voorheen werd mijn onderzoek weleens afgedaan als 'leuke hobby', maar sinds jullie zijn aangesteld 

als manager en hoofd voel ik me gewaardeerd en krijgt wetenschappelijk onderzoek meer prioriteit. 

Mede dankzij jullie wordt er meer geïnvesteerd in scholing en kwaliteit. Ik ben heel blij met die 

ontwikkeling. Bedankt dat ik mag deelnemen aan de GZ-opleiding en de Topklas. 

GZ-opleidingsgenootjes, bedankt voor jullie belangstelling voor mijn onderzoek. Het is heel 

waardevol om medestanders te hebben in deze drukke tijd. Jullie maken de donderdag een prettige 
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onderbreking van de week. Het ‘consumeren’ en ‘hoepeltje springen’ houden we er gewoon nog 

even in… ;-) 

Natuurlijk was er buiten het werk en opleiding ook veel gezelligheid en afleiding. Lieve vriendinnen 

van het allereerste uur, Monique en Marleen, wat een geluk dat ik jullie al ken vanaf de zandbak. We 

zien elkaar veel te weinig. Toch blijven onze reünietjes altijd fijn. Ik vind het heerlijk hoe we in korte 

tijd zoveel kunnen bespreken en naadloos overgaan op het ophalen van puberale anekdotes. 

Marleen vd H., lieve I.V.L.I.V.S-aan, je bent een fijne vriendin, laten we binnenkort toch echt dat te 

lang uitgestelde dinertje aan het Hoornse Meer plannen…?

Jos en Marian, Liesbeth en André, Douwe en Dieuwertje, Jochem en Petra, Erik en Marleen, Hannah 

en Rutger, bedankt voor jullie belangstelling tijdens dit traject en ook zeker voor de heerlijke bbq's, 

gezellige borrels, de concerten en toffe festivals! Hopelijk volgen er nog vele.       

Lieve Vigormeiden, Clarinda, Nienke, Yvette, Kristel, Yvonne, Martine, Marijke en Rieneke, wat zijn 

er mooie vriendschappen ontstaan tijdens onze studententijd. Nu hebben we allemaal een druk 

gezinsleven, maar als we bij elkaar zijn is het feest. Wat was het genieten in Brugge. Laten we de 

borrels, etentjes en jaarlijkse tripjes absoluut blijven plannen. Samen met jullie worden mijn 

lachspieren goed getraind. Dat is toch wel de allerbeste ontspanning. Jullie zijn me ontzettend 

dierbaar! Yvette, wat fijn dat je mijn paranimf wilt zijn. Je staat altijd voor me klaar. Werkelijk 

alles kan, van ‘execution trail’ avontuur tot het meedenken in allerlei ‘situaties’. Je zult nooit visite 

worden. Kris, je hebt de start van deze hele onderneming van dichtbij meegemaakt. Als ingewijde 

wetenschapper weet je wat promoveren behelst en wat kunnen we daar fijn over sparren. Heerlijk 

dat je opnieuw een buur bent geworden en dat er ongetwijfeld liters thee (of wijn uit die fancy 

kelder…) gedronken gaan worden. Ik ben blij dat je mijn paranimf wilt zijn. 

Lieve pa en ma Westerhof, jullie belangstelling voor mijn onderzoek heb ik bijzonder gewaardeerd. 

Het is fijn om me ook bij jullie thuis te voelen. Bedankt voor alle oppasmomenten en logeerpartijen. 

Met als één van de hoogtepunten natuurlijk de nog steeds veelbesproken vakantie in Portugal. 

Johan en Joyce, Gerben en Elina, Robert en Eline, wat heb ik het getroffen met mijn schoonfamilie. 

Bedankt voor jullie lieve interesse en attente berichtjes. 

En dan mijn ouders. Lieve papa en mama, bedankt voor jullie nuchtere benadering in vele facetten 

van het leven. Jullie onvoorwaardelijke liefde en "niet klagen maar dragen" mentaliteit heeft me 

gevormd. Het doorzetten en relativeren komt absoluut van pas tijdens het verrichten van een 

arbeidsintensieve behandelstudie. Pap, het is fijn om je zo trots te zien. Mam, bedankt voor het 

oppassen en voor de logeerpartijtjes op de boerderij. Het was heerlijk om bij jullie te schrijven en te 

zien hoe goed de jongens zich intussen vermaken. Lieve zussen, Judith en Sylvia, hoe verschillend 

we ook zijn, we hebben het goed. Bedankt voor jullie steun, lieve berichtjes en belangstelling. 

Menno, fijne zwager, ook jij toonde een prettige betrokkenheid. Dankjewel!    
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And last but definitively not least… Wat een bofkont ben ik met de drie mooiste mannen van de 

wereld in mijn leven. Lieve Tijn en Koen, ik ben trots op jullie. Gewoon omdat jullie zo puur zijn 

en me laten genieten van de allerkleinste dingen. Mama’s boek is af . Lieve Mart, zonder jou 

had dit proefschrift er niet gelegen. Het is superfijn dat je altijd vol vertrouwen naast me staat. De 

lezingen heb je liefdevol aangehoord, en de allereerste tot in den treure… Ook heb je ons gezin 

draaiende gehouden als ik afwezig was door deadlines of congresbezoek. Kortom, je bent een 

stabiele steunpilaar en dat niet alleen. Ik hou van je. Op naar de volgende uitdaging met ons groter 

groeiende gezin. Samen met jou heb ik daar heel veel zin in! 
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CURRICULUM VITAE

Marjon werd op 1 mei 1984 geboren te Nieuw Heeten. Zij startte haar 

schoolloopbaan in het kleine dorpje Okkenbroek. Na het behalen van 

haar havodiploma aan scholengemeenschap De Waerdenborch te 

Holten, koos zij in 2002 voor de opleiding Communicatie aan Christelijke 

hogeschool Windesheim. Zij kwam in aanraking met het vak psychologie 

en raakte hierdoor geboeid. Na het behalen van haar propedeuse ging 

zij dan ook Psychologie studeren aan de Rijksuniversiteit Groningen 

(2003-2007), waar ze afstudeerde in de richting Neuropsychologie. 

Ze liep destijds stage in het Universitair Medisch Centrum Groningen (UMCG), Centrum voor 

Revalidatie (CvR), locatie Beatrixoord en bleef na haar afstuderen op de afdeling Neurorevalidatie 

werken. Zij ontwikkelde zich zowel op het vlak van de neuropsychologische diagnostiek als de 

neuropsychologische behandeling. Daarnaast werkte ze mee aan het ontwikkelen van een vragenlijst 

voor vermoeidheid na CVA. De mogelijkheid tot het volgen van de GZ-opleiding zou nog jaren op 

zich laten wachten, waarop ze besloot om zich verder te ontwikkelen als onderzoeker. Immers, een 

klinisch onderzoeksproject gericht op de sociale cognitie kon zij niet laten schieten. Medio 2010 is zij 

gestart met een promotieonderzoek aan de Rijksuniversiteit Groningen. Vol enthousiasme werkte 

zij onder andere aan het ontwikkelen, vormgeven en toetsen van behandelprotocol T-ScEmo onder 

leiding van prof. dr. Spikman. Na een paar jaren besloot zij haar aanstelling als promovenda over een 

langere tijd uit te smeren om zodoende meer patiënten te kunnen rekruteren. Begin 2013 keerde 

zij dan ook terug naar de neurorevalidatie in revalidatiecentrum Beatrixoord en combineerde haar 

promotieonderzoek met klinisch werk. Momenteel verricht zij neuropsychologische diagnostiek en 

behandeling van patiënten met niet-aangeboren hersenletsel, multiple sclerose en neuromusculaire 

aandoeningen. Tevens verzorgt zij diverse lezingen, scholingen en workshops over het onderwerp 

sociale cognitie. In oktober 2018 is zij gestart met de opleiding tot gezondheidszorgpsycholoog. 

Marjon neemt deel aan de Topklas en hoopt zich verder te specialiseren tot klinisch neuropsycholoog. 
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