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Abstract: Primary Objective: To examine the potential for treating deficits in Theory of Mind (ToM), i.e., using a 

person’s beliefs to understand and predict behaviour, and to test the hypothesis that improvements in ToM can be 

distinguished from performance in other domains such as judging line orientation and executive function.  

Materials and Methodology: In Study 1, two individuals with TBI participated in a protocol targeting ToM, which was 

assessed using a cartoon interpretation task. Participants also performed on a short form of the Benton Judgment of Line 

Orientation Task as a control. In Study 2, a third person with TBI participated in Attention Process Training (APT-1) 

followed by the ToM protocol. Executive function was assessed using the Paced Auditory Serial Addition Task (PASAT). 

Results: In Study 1, ToM performance but not judgments of line orientation responded to the ToM training. In Study 2, 

executive function, but not ToM, showed strong improvement with APT-1. In contrast, ToM but not executive function 

showed significant improvement with ToM training.  

Conclusion: ToM is a good candidate for intervention. For three persons with TBI, ToM performance showed selective 

improvement associated with ToM treatment, which suggests a practical as well as theoretical value for distinguishing 

ToM from executive function. 

Keywords: Attention, cognitive rehabilitation, executive function, social communication, theory of mind, traumatic brain 
injury. 

INTRODUCTION 

 Many persons with traumatic brain injury (TBI) exhibit 
debilitating cognitive and communication impairments [1-
11]. The language-related symptoms often fall outside the 
traditional definition of aphasia and include difficulty 
understanding a speaker’s goals in a conversation and how 
an utterance serves those goals. Impairment in these areas 
can leave a person unable to appreciate fully, for example, 
sarcasm, deception, and some forms of humour, all of which 
are common and important features of natural conversation 
occurring in work and social contexts. A current organiza-
tional framework for analysing these aspects of communica-
tion is termed Theory of Mind (ToM), the ability to use other 
people's beliefs to understand or predict behaviour [12-14]. 
In this paper, we start from the theoretical position that ToM 
is a distinct domain of cognition [13] and then describe work 
with three individuals with TBI to test the usefulness of a 
training program that specifically targets ToM. 

 The following scenario illustrates components of ToM 
and how ToM performance draws on a range of cognitive 
abilities. While at work, Jim spends 45 minutes talking with  
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a friend and, as a result, is late for a meeting with his boss 

and co-workers. People already at the meeting have no direct 

access to the reason for Jim’s lateness; their first-order 
beliefs about the situation are incomplete or incorrect. Jim 

could tell them the literal truth (that he lost track of time 

while talking to a friend). Alternatively, he could save face 
by lying: ‘I was delayed by a call from an important client.’ 

Use of intentional deception rests on the speaker’s (Jim’s) 

second-order beliefs, i.e., what he believes about listeners’ 
beliefs. Jim might attempt a lie if he thinks that his listeners 

do not know the real reason for his tardiness. However, a co-

worker Sally left the meeting to retrieve a file and, 
unbeknownst to Jim, overheard Jim’s conversation with his 

friend. Sally returned to the meeting before Jim and told the 

others the real reason for Jim’s absence, thereby correcting 
their first-order beliefs. When Jim finally enters the meeting, 

he may attempt using a lie based on his false second-order 

belief. Of course, Jim’s attempted deception would fail and 
would result in increased rather than decreased 

embarrassment. On the other hand, if Jim realizes that his 

listeners know the truth, he may still say ‘I was delayed by a 
call from an important client,’ but as an attempt to use ironic 

humor to defuse an awkward situation rather than as an 

attempt to deceive. People at the meeting need ToM to 
understand the intended meaning of true or untrue utterances 

spoken by Jim.  
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 A common method of assessing ToM requires observers 
to interpret false-belief scenarios analogous to the example 
above, which typically involve characters whose conflicting 
beliefs and access to objective truth must be remembered, 
updated, and compared. Also, observers must inhibit 
responding on the basis of objective truth when explaining 
the behaviour of a misinformed character. The structural 
complexity of ToM scenarios and the need to inhibit 
responses based on what an observer knows to be true 
suggest one theoretical perspective: that performance on 
ToM tasks in large part depends on resources shared with 
executive function [15-18].  

 Brain-based studies confirm an association between ToM 
and executive function. Frontal and prefrontal system 
involvement, characteristic of the population of individuals 
with TBI, has often been linked to disrupted executive 
function [19-22] and ToM [23]. In addition, functional 
imaging studies of neurotypical adults similarly suggest 
overlap between brain regions activated during executive 
function and ToM tasks [24, 25]. Finally, Tompkins and 
colleagues [26] compared the performance of individuals 
with right hemisphere brain damage (RHD) on second-order 
belief scenarios [27] to carefully constructed, equivalent 
passages that did not require ToM processing. Their finding 
was that controlling the complexity of stimulus passages, 
that is, controlling the demands placed on executive 
function, eliminated any selective ToM impairment. In sum, 
a large body of behavioural and neurological data document 
the connection between ToM and executive function and, 
accordingly, raise the question whether the ToM construct 
adds anything to our understanding of, and treatment of, 
impaired communication.  

 Although performance on some ToM tasks can be 
explained in terms of more general constructs such as 
executive function, there is, nonetheless, considerable 
evidence for an opposing view that ToM capacity and 
executive function are usefully distinguished. Saxe and her 
colleagues have used functional imaging studies with 
neurologically intact adults to identify temporo-parietal 
regions as particularly relevant for processing mental states 
when stimulus complexity, i.e., executive function demands, 
are well controlled [28-30]. Griffin et al. [31], Happé et al. 
[32], and Lundgren and Brownell [33] report selective ToM 
impairments in patients with RHD, using cartoon interpreta-
tion tasks that reduced working memory demands. Finally, 
Muller and colleagues [9] found no significant correlation 
between components of executive processing and ToM 
abilities in a group of individuals with severe TBI who 
performed worse than controls on a set of verbal and non-
verbal ToM tasks.  

 The hypothesized dissociation between ToM and 
executive function impairment in people with TBI, as well as 
in individuals with brain-damage due to other etiologies, 
provides context for the main empirical questions addressed 
here: is there potential value to treating ToM separately in 
individuals with TBI, and can ToM be improved by training 
directed at components of executive function? The ToM 
training program uses visual support to reduce working 
memory demands and incorporates practice evaluating, 
updating, and comparing mental states. (See Lundgren and 
Brownell [33] for a description of the protocol and results 

from a patient with RHD.) In this paper, we focus on 
individuals with TBI and report a pair of studies using 
variants of a multiple baseline, single subject experimental 
design [34-36] to evaluate this phase II treatment project [37, 
38]. 

 In Study 1, two individuals with TBI were enrolled in the 
ToM protocol. Their performances were repeatedly assessed 
using two measures. The first was a Cartoon Interpretation 
task that used cartoons selected from Gary Larson's The Far 
Side [39] whose ‘meaning’ or humour relies on first-order 
beliefs (a character’s ignorance about reality) or second-
order beliefs (one character’s deceiving another character). 
During each session, the participant interpreted 2 first-order 
and 2 second-order belief items. The participant was asked to 
identify salient features in the picture, read the caption, and, 
finally, describe what most people would find amusing. It 
was not important that the participant judged the cartoon to 
be funny, but that he understood what most people would 
identify as being humorous. A 0-6 scale for scoring quality 
of Cartoon Interpretations (inter-rater reliability = 90%) [40] 
was used to evaluate the individual’s performance. Three 
judges rated each interpretation and then resolved any 
discrepancies via discussion.  

  The second dependent measure, also obtained at each 
session, was a short form of the Benton Judgment of Line 
Orientation Task [41]. In this visuo-spatial task, a line 
segment at an angle is presented and then removed from 
view. The examinee then selects a line segment with a 
matching orientation from an array of choices. As a control 
task that was not treated, judgment of line orientation was 
not expected to change. Thus, the main hypothesis tested in 
Study 1 was that training ToM would improve performance 
in this domain selectively, that is, that performance on ToM 
would improve while visuospatial performance would not. 

 Study 2 examined the value of ToM training over and 
above prior training that involved working memory, 
inhibition, and attention -- all key components of executive 
function that are plausibly required for good performance in 
many ToM paradigms and that are often impaired in persons 
with TBI. In Study 2, we enrolled a third individual with TBI 
to again explore the potential for training ToM. We are not 
hypothesizing a total separation of ToM from executive 
function. Instead, we test that there is enough separation 
between ToM and executive function to justify evaluating 
and treating ToM separately. 

 For the training phase, we used a slightly modified 
version of the Attention Training Program (APT-1) [42] 
which is effective for treating attention deficits in adults with 
TBI [43-47]. This multilevel treatment program targets 
selective, sustained, divided and alternating attention along a 
continuum of easiest to most difficult. Our modifications to 
Sohlberg and Mateer’s APT-1 protocol included reducing 
the number of sessions taken to administer this program to 
10. 

 For assessing change in executive function, we used 
Gronwall’s Paced Auditory Serial Addition Task (PASAT), 
which requires sustained attention, inhibition, and working 
memory [48-50]. In PASAT, the participant listens to single 
digits presented every 3 seconds on an audio CD. (There is 
also a 2-second version that was not used). The task is 
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adding the two last digits heard and reporting the sum: if the 
first two digits were 6 and 7, the participant would respond 
‘thirteen’; if the third digit was 4, the participant would then 
respond ‘eleven’, and so on. The maximum score is 60 
(based on 61 presented digits). While PASAT performance 
is sensitive to practice effects, these are described as greatest 
in the first few administrations [50]. 

 In sum, we report results from two studies that test the 
efficacy of a ToM protocol that uses visual support and 
provides practice with mental states. In Study 1, we contrast 
ToM performance with visuospatial ability. In Study 2 we 
distinguish gains in ToM from gains associated with 
previous training with elements of executive function. 

MATERIALS AND METHODOLOGY 

Participants 

 Three individuals with TBI were recruited to participate. 
All three satisfied the following criteria: moderate to severe 
TBI defined by the Glasgow Coma Scale (GCS) immediately 
following injury; geographical proximity to testers; no report 
of significant drug or alcohol use, prior neurologic or 
psychiatric illness, dysarthria or aphasia, or pre-existing 
learning disability; no report of impaired (uncorrected) 
hearing or vision; completion of high school; and having 
grown up using American English. All three presented with 
reduced interpersonal and conversational skills, although this 
clinical judgment was not documented with formal testing. 
All signed an IRB-approved consent form. All had been 
discharged from any cognitive rehabilitation programs prior 
to enrolment. See Table 1 for additional description of the 
participants, including targeted cognitive-linguistic testing. 

 Study 1. One individual with TBI, S01, was a 58-year-
old man two years post injury due to a motorcycle accident. 
His TBI was initially classified as severe (GCS = 3). A 
second person with TBI, S02, was a 27-year-old man three 
years post injury due to a motor vehicle accident. His TBI 
was also initially classified as severe (GCS = 4).  

 Study 2. A third person with TBI, S03, was a 25-year-old 
man one-year post injury due to a motor vehicle accident. 
His TBI was initially classified as severe (GCS = 4). 

Procedures 

 Study 1. Two primary dependent measures in Study 1, 
Cartoon Interpretation and Line Orientation, were obtained 
at all sessions--during the initial baseline, during training, 
and after training had ceased.  

Protocol Description 

 Pre-training Baseline (Sessions 1-10, 3 per week for 
approximately 3 weeks): Each session included assessment 
of Cartoon Interpretation and Line Orientation (10 data 
points for each dependent measure).  

 ToM Training (Sessions 11 – 19 for S01, 11-20 for S02, 
3 per week for approximately 3.5 weeks): Each one-hour 
training session included ToM training plus assessment of 
Cartoon Interpretation and Line Orientation tasks (approxi-
mately 10 data points for each dependent measure). 

 Post-training Baseline (Sessions 20-29 for S01, 21-30 for 
S02, 3 per week): Each session included assessment of 
Cartoon Interpretation and Line Orientation (10 data points 
for each dependent measure).  

 The ToM Training Program [33]
 

entails extensive 

practice with mental state operations that require (1) 

generating thoughts about pictured objects from another’s 

perspective; (2) evaluating one or two characters’ beliefs 

(true or false) as objects change form and as the characters 

change location within a depicted house, thereby changing 

their perceptual access to updated information; (3) evaluating 

differences between characters' beliefs; and (4) inhibiting 

personalized thoughts unrelated to the characters. Our 

training program uses visual support (e.g., a cut away 

drawing of a house with different rooms in which different 

characters can be located) to support multiple opportunities 

for a participant to practice, correct, and learn skills 

necessary to progress from one phase of the training program 

to another. Training begins with the Warm-Up Phase and is 

followed by four distinct training phases that start with first-

order beliefs and progress to include second-order beliefs, 

including intentional deception. Different participants 

progress through the training at different rates and require 

varying numbers of sessions. 

 Study 2. Used a more complex design. Two primary 

dependent measures were obtained in Study 2 in each of 48 

sessions-during the initial baseline, during both trainings, 

and when no training was administered. The first was the 

score on Cartoon Interpretation. One difference in this 

measure from Study 1 is that in Study 2, S03 was asked to 

interpret only one first-order item and one second-order item 

for each assessment in order to leave sufficient cartoons for 

the greater number of assessments administered in Study 2. 

The second dependent measure was the PASAT. 

Protocol Description 

 Pre-training Baseline (Sessions 1-7, three per week for 
approximately 2.5 weeks): Each session included assessment 
of Cartoon Interpretation and PASAT (7 data points for each 
dependent measure). 

 APT-1 Training (Sessions 8-17, 3 per week for 
approximately 3.5 weeks during APT-1): Each training 
session included APT-1 training plus assessment of Cartoon 
Interpretation and PASAT (10 data points for each 
dependent measure). 

 Post-APT-1 Training Baseline (Sessions 18-31, 3 per 
week): Each session included assessment of Cartoon 
Interpretation and PASAT (14 data points for each 
dependent measure) with no training. 

 ToM Training (Sessions 32-41, 3 per week): Each session 
included ToM training plus assessment of Cartoon 
Interpretation and PASAT (10 data points for each 
dependent measure). 

 Post-ToM Training (Sessions 42-48, 3 per week): Each 
session included assessment of Cartoon Interpretation and 
PASAT (7 data points for each dependent measure) with no 
training. 
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Table 1. Participant data. 

Participant S01 S02 S03 

Age 58 27 24 

Years of education 16 14 13 

Time Post Onset (years) 2 3 1 

Gender Male Male Male 

Race White White White 

Vocation 

Pre injury 

 

 

 

Post injury 

 

Administrator in a large 

international company 

 

 

Volunteer in a hospital 

 

Police Officer 

 

 

 

Unemployed 

 

College Student 

 

 

 

Unemployed 

Initial Glasgow Coma Scale Score 3 4 4 

Communication/cognitive features Verbose, tangential, impulsive 
Poor initiation, flat affect, 

difficulty reading social cues 
Poor initiation, flat affect 

Test of Everyday Attention [51] 

Scaled Scores (M=10) 

 

Map Search (SD=2.6) 

Elevator Counting with Distractions (SD=2.3) 

Visual Elevator (SD=2.4) 

Elevator Counting with Reversal (SD=2.1) 

Telephone Search while Counting (SD=2.6) 

Lottery (SD=2.46) 

  

Pre/Post APT 

 

 

6/7 

7/12 

5/7 

3/7 

6/15 

1/5 

Delis-Kaplan Executive Function System [52] 

Scaled Score (M=10; SD=3) 

 

 

Color-Word Interference Test 

Inhibition/Switching 

Pre/Post 

 

 

 

 

7/12 

Pre/Post 

 

 

 

 

10/12 

Pre/Post 

 

 

 

 

4/7 

Cognitive-Linguistic Quick Test [53] 

(Used to screen language skills prior to training.) 

Cognitive Domain of Language: 

Personal Facts 

Confrontation Naming 

Story Retell 

Generative Naming 

Score/Severity Rating 

31(WNL) 

 

 

 

 

 

Score/Severity Rating 

34(WNL) 

 

 

 

 

 

Score/Severity Rating 

27(Mild) 

 

 

 

 

 

 

RESULTS 

Overview of Analysis 

 We rely on statistical as well as visual evidence to 
evaluate training effects [54]. How large a change  
in performance occurred is expressed using Cohen’s d 
defined as:  

d = (MeanPost initiation of treatment – MeanPre-Treatment Baseline) / SDPre-

Treatment Baseline. 

 Effect size calculated in this way provides a conservative 
index because the post initiation of training mean includes 
data from training sessions during which performance 
changes most rapidly: ‘post training’ means would generally 
be higher if based only on sessions taking place after training 
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had ceased. The conservative definition of effect size is used 
to be consistent with the division of sessions (pre- versus 
post-initiation of training) used for the inferential analyses 
presented below. In Study 2 we augment the basic results by 
presenting an alternative, less conservative effect size that 
excludes data from training sessions during which 
performance was changing most rapidly. These 
supplementary results highlight differences in Baseline 
performance (prior to any training) and performance after 
completion of training. 

 While effect sizes for single subject investigations of 
ToM are hard to interpret without context provided by other 
treatment studies for ToM, Beeson and Robey and others 
[55, 56] have suggested the following benchmarks for single 
subject studies of aphasia treatments: small = 2.6, medium = 
3.9, and large = 5.8. These guidelines are quite different 
from those often cited for group studies, for which a Cohen’s 
d of .8 or higher is considered ‘large.’  

 We evaluate the statistical significance of training effects 
using correlational analysis and a combination of 
bootstrapping and simulation (Simulation Modeling Analysis 
or SMA) recently outlined by Borckardt et al. [57]. All 
Baseline, Pre-initiation of training sessions were coded as 0, 
and all post-initiation of training sessions (during and after 
training) were coded as 1. The dependent variables were 
Cartoon Interpretation score and Line orientation score (in 
Study 1) or Cartoon Interpretation and PASAT (in Study 2). 
The point biserial correlation between Pre- versus Post-
initiation of training and performance provides the starting 
point. However, this correlation conflates improvement 
coincident with the start of training with any other factors 
that might exert effects across all sessions independent of 
training: e.g., gradual improvement due to practice, 
familiarity with assessment measures, spontaneous recovery, 
benefits of social stimulation, etc. In order to test the 
statistical significance of a training effect apart from other, 
nonspecific factors, the Borckardt et al. [57] SMA avoids the 
problems interpreting p values from conventional procedures 
(regression, analysis of variance) applied to data from a 
single subject [58]. Rather than compare differences in mean 
performance using a conventional error term based on non 
independent observations, the software starts by calculating 
the degree to which a response from a single person depends 
on what the person responded on the previous session (the 
lag 1 autocorrelation) across all sessions before, during, and 
after training. The autocorrelation provides an index of 
steady change across the entire set of sessions. The SMA 
software then generates thousands of simulated data sets 
with the same autocorrelation to provide a statistical context 
for what would happen under the null hypothesis of steady 
change across all sessions without any specific training 
effect. The critical step for establishing statistical 
significance is comparing the obtained data that includes a 
training effect as well as steady change against the set of null 
hypothesis simulation samples. The question is whether the 
obtained difference between before and after the start of 
training is greater than the difference found in 95% of the 
null hypothesis simulations that represent what to expect just 
on the basis of practice. In sum, this analysis takes into  
 

 

consideration both gradual improvement due to practice and 
also the variability that is so common in brain injured 
performance, which makes the traditional requirement for a 
stable baseline prior to initiation of treatment less critical. 
The test of statistical significance also takes into 
consideration any autocorrelation across data points from a 
single individual.  

 The Borckardt et al. [57] SMA works best with a 
minimum of approximately 20 sessions. In Study 1 we a 
priori decided to administer 10 Baseline sessions to each 
participant to insure sufficient data points both pre- as well 
as post-initiation of training. (Study 2 was longer overall.) 
The high, fixed number of sessions prior to the start of 
training did not detract from participants’ willingness to 
complete the protocol.  

 To supplement the statistical evaluation, we also present 

graphs for which each participant’s Cartoon Interpretation 

scores across all sessions were converted to z score form, as 

were his line orientation scores (in Study 1) or PASAT 

scores (in Study 2). These transformations equate the 

variability of different dependent measures, which facilitates 

comparisons of changes in performance across dependent 

measures and (in Study 2) across training protocols. Finally, 

we present values for the Coefficient of Variation to express 

how variable scores are in a form that allows comparison 

across participants and across studies. The Coefficient of 

Variation is defined as (SD / Mean) x 100 [59]. 

 Study 1.  Figs. (1 and 2) and Table 2 show the scores for 
Cartoon Interpretation and Benton Line Orientation Task for 
S01 and S02, respectively, across all sessions in the study.  

 For S01, Table 2 and Fig. (2) show that his Cartoon 
Interpretation improved after initiation of ToM training in 
Session 11, while his Line orientation performance did not. 
The effect sizes were quite different (d = +3.99 for Cartoon 
Interpretation and d = -.26 indicating slightly worse 
performance over sessions for line orientation).  

 For S01, the correlation between Pre versus Post-
Initiation of Training and Cartoon performance, r = +.80, 
was significant, p = .03 (according to the Borckardt et al. 
[57] SMA), which supports the existence effect of treatment 
that is distinct from general improvement due to practice, as 
shown in Fig. (1). In contrast, line orientation performance 
showed no hint of improvement attributable to some effect 
specific to the ToM training (r = -.13, p = .47). All told, there 
is good evidence for improvement in ToM performance that 
can reasonably be linked to the training. 

 S02 similarly showed good evidence for a selective effect 
of ToM training. His effect size for Cartoon Interpretation 
was d = +4.80, while his effect size for Line orientation was 
very small, d = -.49. The r value for the Pre versus Post-
Initiation of training and Cartoon Interpretation was strong, r 
= +.86 and significant (p < .01) even in the context of steady 
improvement across sessions as illustrated in Fig. (2). There 
was no hint of an effect in Line Orientation, r = -.20, p = .48, 
as shown in Fig. (2). S02 thus provides additional evidence 
for a selective ToM training effect.  
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Fig. (1). Responses from S01 (Study 1) for cartoon interpretation (solid line) and judgments of line orientation (dashed line). Arrows indicate 

the beginning and end of Theory of Mind treatment sessions. 

 

Fig. (2). Responses from S02 (Study 1) for cartoon interpretation (solid line) and judgments of line orientation (dashed line). Arrows indicate 

the beginning and end of Theory of Mind treatment sessions. 

 

Table 2. Results for ToM training (Study 1). 

S01 

ToM Training: Cartoon Interpretation Task 
   

 Pre Training Baseline Post Initiation of Training Cohen’s d:[Post-Pre]/SDPre 

Mean 9.0 14.95 3.99 

Standard Deviation (SD) 1.49 2.53  

Coefficient of Variation 16.56 16.92  
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Table 2. contd… 

S01 

ToM Training: Line Orientation Task 
   

 Pre Training Baseline Post Initiation of Training Cohen’s d:[Post-Pre]/SDPre 

Mean 13.30 13.00 - 0.26 

Standard Deviation (SD) 1.16 1.05  

Coefficient of Variation 8.72 8.08  

S02 

ToM Training: Cartoon Interpretation Task 
   

 Pre Training Baseline Post Initiation of Training Cohen’s d:[Post-Pre]/SDPre 

Mean 8.40 15.65 4.80 

Standard Deviation (SD) 1.51 2.32  

Coefficient of Variation 17.98 14.82  

S02 

ToM Training: Line Orientation Task 
   

 Pre Training Baseline Post Initiation of Training Cohen’s d:[Post-Pre]/SDPre 

Mean 12.20 11.90 - 0.48 

Standard Deviation (SD) 0.63 0.79  

Coefficient of Variation 5.16 6.64  

 

 

Fig. (3). Responses from S03 (Study 2) for cartoon interpretation (solid line) and judgments of line orientation (dashed line). Thick arrows 

indicate the beginning and end of attention process training, and thin arrows indicate the beginning and end of Theory of Mind training. 

 

Study 2. 

 Attention Processing Training (APT-1). Fig. (3) shows 
S03’s scores for PASAT and Cartoon Interpretation across 
the 48 sessions in the entire study. Results are summarized in 
Table 3. 

 This individual showed evidence of an effect specific to 
the APT-1 training over and above a steady increase over 
sessions, which was also present. First, we calculated 
correlations using pre- (Sessions 1 – 7) versus post-initiation 
of training assessments (Sessions 8 – 31) for both PASAT 
and Cartoon Interpretation score. (Recall ToM training  
 

began at Session 32.) There was clear improvement in 

PASAT performance: r= +.82, p = .01; PASAT effect size: d 

= +7.05. There was less evidence for change in the Cartoon 

scores associated with the initiation of APT-1: r = +.32, p = 

.10, effect size: d = +.72. This portion of the study is 

consistent with an effect of APT-1 on executive function as 

measured by the PASAT. 

 Theory of Mind Training. ToM training was associated 
with slight, not quite significant, additional improvement on 
PASAT. Pre ToM training performance was based on data 
from Session 18 (just after APT-1 training ceased) through  
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Session 31. ToM training started in Session 32 and continued 
through Session 41. PASAT effect size was relatively small, 
d = +1.10. The point biserial correlation was r = +.62, p = . 11. 
Fig. (3) further suggests some steady linear improvement 
unrelated to treatment.  

 In contrast, ToM training was associated with significant 
improvement on Cartoon Interpretation. The ToM effect size 
based on the comparison between sessions immediately after 
the end of APT but before the start of ToM training (i.e., 
Session 18 – Session 31, inclusive) and the post initiation of 
training mean (i.e., Sessions 32-48) was larger, d = +2.07, 
and the point biserial correlation was significant, r = +.75,  
p < .01. We then repeated the Borckardt et al. [57] SMA 
using data from all sessions up until the start of ToM training 
(i.e., Sessions 1 through 31 rather than just Sessions 18 – 31) 
because no ToM training was administered during Sessions 1 
- 31. The analysis comparing Sessions 1 – 31 to Sessions 32 
– 48 yielded virtually identical simulation results in support 
of an independent effect of training: r = +.76, p < .01. These  
 

results lend additional evidence in favour of ToM as a 
distinct cognitive domain.  

 An alternative, less conservative evaluation rests on a 

comparison that excludes data from training sessions 

because performance changed markedly during training 

phases. Sessions 25 – 31 were devoid of any training. When 

the Cartoon Interpretation mean for these 7 sessions was 

compared to the Cartoon Interpretation mean for Sessions 

41-48 during which there was similarly no training, the 

effect size increased to a moderate size, d = +4.3. 

DISCUSSION 

 These two studies provide preliminary evidence for the 

selective impact of a ToM training protocol for individuals 

with TBI [33]. Study 1 showed that improvement on a ToM 

measure can dissociate from a measure of performance in the 

visuospatial domain and yielded effect sizes that might be  

 

Table 3. Results for ToM training and APT-1 training (Study 2). 

S03 

APT-1 

TRAINING: Cartoon Interpretation Task 

   

 Pre Training Baseline Post Initiation of Training Cohen’s d:[Post-Pre]/SDPre 

Mean 1.39 2.08 +.72 

Standard Deviation (SD) 0.96 0.86  

Coefficient of Variation 69.06 41.35  

S03 

APT-1 

TRAINING: PASAT 

   

 Pre Training Baseline Post Initiation of Training Cohen’s d:[Post-Pre]/SDPre 

Mean 20.86 41.79 +7.05 

Standard Deviation (SD) 2.97 6.90  

Coefficient of Variation 14.24 16.51  

S03 

ToM 

TRAINING: Cartoon Interpretation Task 

   

 Pre Training Baseline Post Initiation of Training Cohen’s d:[Post-Pre]/SDPre 

Mean 1.93 4.00 +2.25 

Standard Deviation (SD) 0.92 0.79  

Coefficient of Variation 47.67 19.75  

S03 

ToM 

TRAINING: PASAT 

   

 Pre Training Baseline Post Initiation of Training Cohen’s d:[Post-Pre]/SDPre 

Mean 45.86 48.88 +1.10 

Standard Deviation (SD) 2.74 0.93  

Coefficient of Variation 5.97 1.90  
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tentatively characterized as ‘medium’ [55, 56]. Study 2 
presented additional evidence that ToM training was 
associated with a significant impact on the ToM performance 
beyond any gains associated with prior training (APT-1) 
directed at executive function or practice. These results 
confirm that there is a degree of functional and clinically 
relevant dissociation between ToM performance and aspects 
of visual perception or executive function. The implication is 
that domain-specific treatment can provide measurable 
impact on ToM for some individuals with TBI. More 
generally, these results highlight the potential for treating 
deficits in social cognition and discourse level communica-
tion. 

 There are many limitations to the present study. Most 
important is that the scope of generalization of treatment 
gains is not yet defined. The Cartoon Interpretation task is 
itself dissimilar to the training materials and thus documents 
some degree of generalization, but the ultimate test will be a 
person’s success in naturally occurring social situations. We 
also need to consider the immediate practical issue of how 
well the ToM training protocol will work with other 
individuals, male or female, who vary in terms of severity of 
impairment and in symptom profile.  

Our results add to the body of findings on the status of ToM 
within a general theory of cognition, but raise a number of 
conceptual issues. The findings reported are consistent with 
the studies by Saxe and colleagues [29, 30] that show that is 
possible to dissociate ToM from other cognitive domains 
under the right conditions. However, our findings in Study 2 
also confirm the need for careful consideration of potential 
overlap between ToM and executive function [e. g., 26]: 
although the effect was statistically weak, this one individual 
displayed a hint of improvement (d = +.72) in ToM 
associated with APT-1. Other individuals with TBI may 
show stronger improvement in ToM coincident with APT-1 
or equivalent training that targets executive function. ToM 
performance can in principle dissociate from executive 
function, but ToM performance can also overlap to varying 
degrees with executive function. 

 In Study 2, we chose a conservative approach to testing 
the efficacy of ToM training by administering the APT-1 
first. Our goal was to test whether ToM performance can 
benefit from separate treatment, even after a person has 
experienced training and assessment of executive function 
using APT-1 and the PASAT, which does not require 
understanding or manipulating mental states. Our results are 
consistent with the view that ToM is a distinct cognitive 
domain that should be targeted for treatment at least in some 
individuals. However, the design of Study 2 does not support 
evaluation of possible carryover effects between the APT-1 
and ToM protocols. Because ToM training provides practice 
and feedback applying assorted cognitive skills (e.g., 
updating, inhibition) in addition to practice monitoring 
beliefs, administering ToM training first might well lead to 
substantial improvement on PASAT as well as on Cartoon 
Interpretation. It is also logically possible that the 
effectiveness of ToM training could be enhanced by prior 
exposure to APT-1. Again, our main point is the potential 
value of treating ToM. We leave for future research the  
 

 

question of exactly how the sequence of these two protocols 
affects treatment gains. This is a difficult question because 
the degree of overlap between processing limitations 
affecting the two domains and protocols will vary from 
person to person. 

 ToM, as studied here, may also be relevant to other 
cognitive tasks, such as distinguishing accidental from 
intentional harm [60, 61] and distinguishing intentional from 
unintentional violation of social norms [62]. The exciting 
possibility is that training ToM may affect performance in 
selected social cognitive domains and thereby increase the 
usefulness of intervention.  

 A last point concerns a connection between APT-1 and 

executive function during the beginning sessions of Study 2. 

The literature is mixed on whether benefits of APT-1 extend 

beyond attention and whether APT-1 ought to be used to 

treat executive dysfunction [47]. Our view is that PASAT 

provides an index of executive function, and that our data are 

at least consistent with the view that APT-1 can impact 

executive function under some conditions. 

CONFLICT OF INTEREST 

 The authors confirm that this article content has no 
conflict of interest. 

ACKNOWLEDGEMENTS 

 A New Faculty Grant to Dr. Lundgren from UNCG 
supported this work. This research has been conducted in 
compliance with all applicable federal regulations governing 
the protection of human subjects in research. We wish to 
thank the participants and their families for the time and 
willingness to participate.  

REFERENCES 

[1] Bibby H, McDonald S. Theory of mind after traumatic brain injury. 

Neuropsychologia 2005; 43(1): 99-114.  
[2] Channon S, Pellijeff A, Rule A. Social cognition after head injury: 

Sarcasm and theory of mind. Brain Lang 2005; 93: 123-34. 
[3] Coehlo CA, Deruyter F, Stein M. Treatment efficacy: Cognitive 

communicative disorders resulting from traumatic brain injury. J 
Speech Lang Hear Res 1996; 39: S5-S17. 

[4] Levin HS, Goldstein FC, Williams DH, Eisenberg HM. The 
contribution of frontal lobe lesions to the neurobehavioral outcome 

of closed head injury. In: Levin HS, Eisenberg HM, Benton AI, 
Eds. Frontal lobe function and dysfunction. New York, NY: Oxford 

Press 1999; pp. 318-38. 
[5] Martin I, McDonald S. Evaluating the causes of impaired irony 

comprehension following traumatic brain injury. Aphasiology 
2005; 7: 535-49. 

[6] Martin-Rodriguez JF, Leon-Carrion J. Theory of mind deficits in 
patients with acquired brain injury: A quantitative review. 

Neuropsychologia 2010; 48: 1181-91. 
[7] McDonald S. Exploring the process of inference generation in 

sarcasm: A review of normal and clinical studies. Brain Lang 1999; 
68: 486-506. 

[8] McDonald S, Van Sommers P. Differential pragmatic language loss 
following closed head injury: Ability to negotiate request. Cogn 

Neuropsychol 1993; 10: 297-315. 
[9] Muller F, Simion A, Reviriego E, et al. Exploring theory of mind 

after severe traumatic brain injury. Cortex 2010; 46: 1088-99. 

 

 



10     The Open Behavioral Science Journal, 2015, Volume 9 Lundgren and Brownell 

[10] Murdoch BE, Theodoros DG. Traumatic brain injury: Associated 

speech, language, and swallowing disorders. San Diego, CA: 
Singular Publishing Group 2001. 

[11] Turkstra LS, Dixon TM, Baker KK. Theory of mind and social 
beliefs in adolescents with traumatic brain injury. 

Neurorehabilitation 2004; 19(3): 45-256. 
[12] Baron-Cohen S, Tager-Flusberg H, Cohen DJ, Eds. Understanding 

other minds. 2nd ed. Oxford, UK: Oxford University Press 2000. 
[13] Leslie AM. Pretense and representation: The origins of ‘theory of 

mind.’ Psychol Rev 1987; 94: 412-26. 
[14] Wimmer H, Perner J. Beliefs about beliefs: Representation and 

constraining function of wrong beliefs in young children’s 
understanding of deception. Cognition 1983; 13: 103-28. 

[15] Apperly IA, Sampson D, Humphreys GW. Studies of adults can 
inform accounts of theory of mind development. Dev Psychol 

2009; 45(1): 190-201. 
[16] Roth D, Leslie AM. Solving belief problems: Toward a task of 

analysis. Cognition 1998; 66: 1-31. 
[17] Zelazo PD, Jacques S, Burack J, Frye D. The relation between 

theory of mind and rule use: Evidence from persons with autism-
spectrum disorders. Infant Child Dev 2002; 11: 171-95. 

[18] Schneider D, Lam R, Bayliss AR, Dux PE. Cognitive load disrupts 
implicit Theory-of-Mind processing. Psychol Sci 2012; 23: 843-7.  

[19] Chen A, Abrams GM, D’Esposito M. Functional reintegration of 
prefrontal networks for enhancing recovery after brain injury. J 

Head Trauma Rehabil 2006; 21: 107-18. 
[20] Cicerone K, Levin H, Malec J, Stuss D, Whyte J. Cognitive 

rehabilitation interventions for executive function: Moving from 
bench to bedside inpatients with traumatic brain injury. J Cogn 

Neurosci 2006; 18: 1212-22.  
[21] Iverson GL, Lange RT, Gaetz M, Zasler ND. Mild traumatic brain 

injury. In: Zasler ND, Katz DI, Zafonte RD, Eds. Brain Injury 
Medicine: Principles and practices. New York, NY: Demos 

Medical Publishing 2007; pp. 333-72. 
[22] Katz DI. Traumatic Brain Injury. In: Mills VM, Cassidy JW, Katz 

DI, Eds. Neurological rehabilitation: A guide to diagnosis, 
prognosis, and treatment planning. Malden, MA: Blackwell 

Science 1997; pp. 105-43. 
[23] Stuss D, Gallup G, Alexander M. The frontal lobes are necessary 

for “theory of mind.” Annu Rev Psychol 2001; 53: 401-33. 
[24] Gallagher HL, Frith CD. Functional imaging of ‘theory of mind’. 

Trends Cogn Sci 2003; 7(2): 77-83. 
[25] Smith EE, Jonides J. Storage and executive processes in the frontal 

lobes. Science 1999; 282: 1657-61. 
[26] Tompkins CA, Scharp VL, Fassbinder W, Meigh KM, Armstrong 

EM. A different story on “theory of mind” deficit in adults with 
right hemisphere brain damage. Aphasiology 2008; 22: 42-61. 

[27] Winner E, Brownell H, Happé F, Blum A, Pincus D. 
Distinguishing lies from jokes: Theory of mind deficits in right 

hemisphere brain-damaged patients. Brain Lang 1998; 62: 89-106. 
[28] Saxe R, Carey S, Kanwisher N. Understanding other minds: 

Linking developmental psychology and functional imaging. Annu 
Rev Psychol 2004; 55: 87-124. 

[29] Saxe R, Kanwisher N. People thinking about people. The role of 
the temporo parietal junction in “theory of mind.“ Neuroimage 

2003; 9: 1835-42. 
[30] Saxe R, Schulz LE, Jiang YV. Reading minds versus following 

rules: Dissociating theory of mind from executive control in the 
brain. Soc Neurosci 2006; 1(3-4): 284-98. 

[31] Griffin R, Friedman O, Ween J, Winner E, Happé F, Brownell H. 
Theory of mind and the right cerebral hemisphere: Refining the 

scope of impairment. Laterality 2006; 11: 195-225. 
[32] Happé F, Brownell H, Winner E. Acquired “theory of mind” 

impairments following stroke. Cognition 1999; 70: 211-40. 
[33] Lundgren K, Brownell H. Theory of mind training following 

acquired brain damage. In: Guendouzi J, Loncke F, Williams MJ, 
Eds. Handbook of psycholinguistics and cognitive processing: 

Perspectives in communication disorders. London, UK: Psychology 
Press 2011; pp. 577-602. Available from: 

http://csd.uncg.edu/lundgren/tom/ 
[34] Barlow D, Nock M, Hersen M. Single case experimental designs. 

Strategies for studying behavior for change. 3rd ed. Boston, MA: 
Pearson 2009. 

 

[35] Kearns KP. Flexibility of single subject experimental design. Part 

II: Design selection and arrangement of experimental phases. J 

Speech Hear Disord 1986; 51: 204-14. 

[36] Olswang LB, Thompson CK, Warren SF, Minghetti NJ, Eds. 

Treatment efficacy research in communication disorders. 

Rockville, MD: American Speech Language Hearing Foundation 

1990. 

[37] Golper LAC, Wertz RT, Frattali CM, et al. Evidence-based 

practice guidelines for the management of communication 

disorders in neurologically impaired individuals: Project 

introduction. Academy of Neurologic Communication Disorders 

and Sciences, Practice Guidelines Project: Introduction 2001; pp. 1-

12. Available from: http://www.ancds.org/index.php/practice-

guidelines-9 

[38] Robey RR, Schultz MC. A model for conducting clinical-outcome 

research: An adaptation of the standard protocol for use in 

aphasiology. Aphasiology 1998; 12: 787-810. 

[39] Larson G. The complete far side 1980-1994. Kansas City, MO: 

Andrews McMeel 2003. 

[40] Lundgren K, Brownell H, Cayer-Meade C, Spitzer J. Training 

theory of mind following right hemisphere damage: A pilot study. 

Brain Lang 2007; 103: 209-10. 

[41] Qualls CE, Bliwise NG, Stringer AY. Short forms of benton 

judgment of line orientation test: Development and psychometric 

properties. Arch Clin Neuropsychol 2000; 15: 159-63. 

[42] Sohlberg MM, Mateer CA. Effectiveness of an attention-training 

program. J Clin Exp Neuropsychol 1987; 9: 117-30. 

[43] Cicerone KD, Langenbahn DM, Braden C, et al. Evidence based 

cognitive rehabilitation: Updated review of the literature from 

2003-2008. Arch Phys Med Rehabil 2011; 92(4): 519-30.  

[44] Koehler R, Wilhelm EE, Shoulson I, Eds. Cognitive rehabilitation 

therapy for traumatic brain injury evaluating the evidence. 

Washington, DC: The National Academies Press 2014. Available 

from: http://books.nap.edu/openbook.php?record_id=13220. 

[45] Neimann H, Ruff RM, Baser CA. Computer assisted attention 

retraining in head injured individuals: A controlled efficacy study 

of an outpatient program. J Consult Clin Psychol 1990; 58: 811-7. 

[46] Parks N, Ingles JL. Effectiveness of attention rehabilitation after an 

acquired brain injury: A meta-analysis. Neuropsychology 2001; 15: 

199. 

[47] Sohlberg M, Avery J, Kennedy MRT, et al. Practice guidelines for 

direct attention training. J Med Speech Lang Pathol 2003; 11(3): 

xix-xxxix. 

[48] Gronwall D. Paced auditory serial addition task: A measure of 

recovery from concussion. Percept Mot Skills 1977; 44: 67-373. 

[49] Demery JA, Larson MJ, Dixit NK, Bauer RM, Perlstein WM. 

Operating characteristics of executive functioning tests following 

traumatic brain injury. Clin Neuropsychol 2010; 24: 1292-308. 

[50] Tombaugh TN. A comprehensive review of the Paced Auditory 

Serial Addition Test (PASAT). Arch Clin Neuropsychol 2006; 

21(1): 53-76. 

[51] Robertson I, Ward T, Ridgeway V, Nimmo-Smith I. The test of 

everyday attention. Suffolk, UK: Thames Valley Test Company 

1994. 

[52] Delis CD, Kaplan E, Kramer JH. Delis–Kaplan executive function 

system (D-KEFS). San Antonio, TX: The Psychological 

Corporation 2001. 

[53] Helm-Estabrooks N. Cognitive linguistic quick test (CLQT). San 

Antonio, TX: Pearson Education 2001. 

[54] Houle TT. Statistical analyses for single-case experimental designs. 

In: Barlow D, Nock M, Hersen M, Eds. Single case experimental 

designs. Strategies for studying behavior for change. 3rd ed. Boston, 

MA: Pearson 2009; pp. 271-305 

[55] Beeson PM, Robey RR. Evaluating single-subject treatment 

research: Lessons from the aphasia literature. Neuropsychol Rev 

2006; 16:  161-9. 

[56] Robey RR, Schultz, MC, Crawford AB, Sinner CA. Single-subject 

clinical-outcome research: Design, data, effect sizes, and analyses. 

Aphasiology 1999; 13: 445-73. 

 



Selective Training of Theory of Mind in Traumatic Brain Injury The Open Behavioral Science Journal, 2015, Volume 9     11 

[57] Borckardt JJ, Nash MR, Murphy MD, Moore M, Shaw D, O’Neil 

P. Clinical practice as natural laboratory for psychotherapy 
research. A guide to case-based time-series analysis. Am Psychol 

2008; 63(2): 77-93. Software available from: http://www.Clinical-
Researcher.org 

[58] Crosbie J. Interrupted time-series analysis with brief single subject 
data. J Consult Clin Psychol 1993; 61: 966-74. 

[59] Howell DC. Statistical methods for psychology. 7th ed. Belmont, 
CA: Thomson Wadsworth 2003. 

[60] Cushman F. Crime and punishment: Distinguishing the roles of 

causal and intentional analyses in moral judgment. Cognition 2008; 
108(2): 353-80. 

[61] Koster-Hale J, Saxe R, Dungan J, Young LL. Decoding moral 
judgments from neural representations of intentions. Proc Natl 

Acad Sci USA 2013; 110(14): 5648-53.  
[62] Berthoz S, Armony JL, Blair RJR, Dolan RJ. An fMRI study of 

intentional and unintentional (embarrassing) violations of social 
norms. Brain 2002; 125: 1696-708. 

 

Received: November 02, 2014 Revised: December 29, 2014 Accepted: December 31, 2014 

© Lundgren and Brownell; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-

nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 


