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Abstract

Primary Objective—Impaired self-awareness following a traumatic brain injury (TBI) can
reduce the effectiveness of rehabilitation, resulting in poorer outcomes. However, little is
understood about how the multi-dimensional aspects of self-awareness may differentially change
with recovery and impact outcome. Thus, we examined four self-awareness variables represented
in the Dynamic Comprehensive Model of Awareness: metacognitive awareness, anticipatory
awareness, error-monitoring, and self-regulation.

Research Design—We evaluated change of the self-awareness measures with recovery from
TBI and whether the self-awareness measures predicted community reintegration at follow-up.

Methods and Procedures—RParticipants were 90 individuals with moderate to severe TBI who
were tested acutely following injury and 90 age-matched controls. Forty-nine of the TBI
participants and 49 controls were re-tested after 6 months.

Main Outcome and Results—Results revealed that the TBI group’s error-monitoring
performance was significantly poorer than controls at both baseline and follow-up. Regression
analyses revealed that the self-awareness variables at follow-up were predictive of community
reintegration, with error-monitoring being a unique predictor.

Conclusions—Our results highlight the importance of error-monitoring and suggest that
interventions targeted at improving error-monitoring may be particularly beneficial.
Understanding the multi-dimensional nature of self-awareness will further improve rehabilitation
efforts and understanding of the theoretical basis of self-awareness.
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Introduction

Approximately 1.7 million US citizens sustain a traumatic brain injury (TBI) annually, with
more than 275,000 requiring intensive rehabilitation [2]. As rehabilitation techniques
designed to speed recovery and increase functional independence evolve, it is important to

Correspondenceto: Kayela Robertson, Washington State University, Department of Psychology, PO Box 644820,
k.robertson@email.wsu.edu, phone number: (509) 335-3587.

Declaration of I nterest: The authors report no conflicts of interest.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Robertson and Schmitter-Edgecombe Page 2

understand individual characteristics and the rehabilitation process that influence outcome.
Some research has shown that lack of self-awareness is associated with poorer outcomes
(e.g. employability, community reintegration), suggesting that self-awareness may be
important in rehabilitation [3,4,5,6,7]. An often cited general definition of self-awareness is
‘the capacity to perceive the ‘self’ in relatively ‘objective’ terms while maintaining a sense
of subjectivity’ [8]. In relation to TBI research, ‘lack of self-awareness’ pertains to an
inability to recognize deficits that have resulted from a neurological injury [9,10].

Research indicates that lack of self-awareness is a common problem in individuals who
suffer a moderate to severe TBI [11,12]. Longitudinal studies further suggest that self-
awareness is more impaired immediately after injury, when the majority of rehabilitation
occurs, but improves over time [13]. Poor self-awareness following TBI can result in
decreased motivation [14], compromised safety due to unrealistic goals [15,16], and
impaired judgment. Furthermore, it is thought that without the ability to recognize one’s
deficits an individual is less likely to benefit from therapy [5,17]. Others, however, argue
that individuals who lack self-awareness can make gains in rehabilitation due to task-
specific learning and habit formation [18].

Empirical studies associating self-awareness to outcome following TBI have resulted in
mixed findings. Some studies indicate that self-awareness deficits contribute to more
negative outcomes [11,12,19,20]. For example, Sherer et al. [12] found that participants with
greater self-awareness, as measured by the Awareness Questionnaire (AQ), had higher
employability rates. In a review paper, Ownsworth and Clare [7] concluded that the majority
of studies supported or partially supported the idea that self-awareness deficits are
associated with poorer outcomes. In contrast, other work suggests little evidence of a
relationship between self-awareness and outcome [3,21,22]. For example, Cheng and Man
[3] found that greater self-awareness, as measured by the Self-Awareness of Deficits
Interview (SADI), did not predict increased difficulties with instrumental activities of daily
living (IADL). The lack of consistency in prior studies could partially reflect the differing
methodologies and definitions that have been used to assess self-awareness across studies.

Several researchers consider self-awareness to be a complex construct with multiple aspects
(e.g. metacognitive knowledge, error-monitoring) [1,23], and it has been suggested that
different aspects of self-awareness may impact outcome uniquely. Crosson et al. [23]
proposed the first multi-dimensional model of self-awareness called the pyramid model.
This model includes three interdependent hierarchical levels of self-awareness: anticipatory
awareness, emergent awareness, and intellectual awareness. At the bottom of the pyramid is
intellectual awareness, which is the acknowledgment that a particular function is impaired.
Emergent awareness, which is the ability to monitor performance and recognize problems as
they occur, is in the middle. At the top of the pyramid is anticipatory awareness.
Anticipatory awareness is the ability to have the foresight that a problem is likely to occur as
a result of the functional deficit [23]. Intellectual and emergent awareness are considered a
prerequisite to anticipatory awareness.

Toglia and Kirk [1] later proposed the Dynamic Comprehensive Model of Awareness
(DCMA), which does not assume a hierarchical structure. Instead, the DCMA focuses on the

Brain Inj. Author manuscript; available in PMC 2016 April 27.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Robertson and Schmitter-Edgecombe Page 3

relationship between different aspects of metacognition and awareness. The DCMA
discriminates between offline awareness, which is awareness that exists prior to a task, and
online awareness, which is awareness that exists during and directly after a task. Offline
awareness is called metacognitive awareness. Metacognitive awareness encompasses
knowledge and beliefs about the person’s overall procedural knowledge, knowledge about
task characteristics and strategies, as well as the person’s perception of his or her own
functioning. Online awareness is divided into two primary interacting components. One part
of online awareness is the person’s conceptualization and appraisal of the task or situation
(comparable to anticipatory awareness). After a person experiences a task he or she may
alter their beliefs or perceptions about their performance, and this second part of online
awareness is called self-monitoring (comparable to emergent awareness). In the DCMA,
self-monitoring is further conceptualized as consisting of two parts: error-monitoring and
self-regulation. Error-monitoring is the ability to recognize errors, while self-regulation is
the ability to adjust performance. The DCMA also recognizes that outside influences may
interact with self-awareness, that self-awareness may vary across situations and domains,
and that individuals’ emotional responses to feedback may vary throughout these
components of self-awareness.

The majority of studies that have assessed the relationship between self-awareness and
rehabilitation outcome have focused on metacognitive awareness [11,19,24,25].
Metacognitive awareness is often measured using discrepancy scores between the patient
and caregiver or staff member on an awareness questionnaire (e.g. the Patient Competency
Rating Scale [24,25,26,27]; the Awareness Questionnaire, [11,12,28,29]). The Self-
Awareness of Deficits Interview (SADI) [3,15,29] and clinician subjective ratings of self-
awareness [11,24] have also been used to assess metacognitive awareness. Of the studies
that have assessed metacognitive awareness, the majority of studies have found a positive
relationship between self-awareness and outcome [7,11,12]. However, the relationship
between metacognitive awareness and outcome is suggested to dissipate in long-term
follow-up as metacognitive awareness improves with recovery [19,30].

Few studies have researched the relationship between TBI outcome and measures of online
awareness, including error-monitoring, self-regulation, and anticipatory awareness. A study
conducted by Heorold et al. [27], which required participants to verbally indicate when they
committed an error while performing a computerized digit-monitoring task, revealed that
error-monitoring was impaired compared to a control group 2-years post injury. O’Keefe et
al [31] used this same computerized task to assess how error-monitoring related to outcome
in mild to extremely severe participants with TBI (9 to 84 months post injury). Results
suggested that better error-monitoring by participants with TBI was associated with less
anxiety, less impairment of frontal behaviours, and better overall competency [31]. In
another study with participants with mild to severe TBI injuries (6 to 144 months post
injury) [29], error-monitoring was measured by the number of errors (which included rule
breaks and repetitions) participants committed on neuropsychological tests (i.e. letter
fluency test and five-point test). Findings revealed that poorer error-monitoring at baseline
testing was associated with poorer psychosocial reintegration and higher anxiety and
depression scores one year after baseline assessment [29].
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O’Keefe et al. [31] also evaluated anticipatory awareness by comparing participants with
mild to severe TBIs’ pre-experience predictions to their actual performance on
neuropsychological tests. Results showed that anticipatory awareness was impaired in the
TBI group compared to the control group. However, the findings revealed no significant
relationship between anticipatory awareness and outcome, as measured by the Hospital
Anxiety and Depression Scale (HADS), competency ratings, and disinhibition and executive
dysfunction symptoms [31].

Self-regulation has been examined in several studies [32,33] in participants with moderate to
severe TBIs by comparing participants’ post-experience predictions to their actual test
performance. These studies found generally intact self-regulation abilities in individuals
with TBI, but did not examine the relationship between self-regulation and TBI outcome.
The finding of accurate ability to self regulate immediately following task performance has
also been found in individuals with mild cognitive impairment and dementia who exhibited
poor anticipatory and metacognitive awareness [34,35]. This suggests that even when
individuals can accurately adjust performance immediately following experience with a task,
they may not necessarily update beliefs about their task performance thereby reverting back
to their original beliefs about how they will perform.

This study will evaluate the relationship between outcome in persons recovering from TBI
and the four aspects of self-awareness as proposed by the DCMA: metacognitive awareness,
anticipatory awareness, error-monitoring, and self-regulation [1]. The measures of self-
awareness used in this study focus specifically on awareness of cognitive performance.
Baseline testing of person with TBI occurred in an inpatient rehabilitation facility after
emergence from post-traumatic amnesia (PTA). Follow-up testing occurred within 6-months
to 1-year post-injury. Control participants were tested at equivalent intervals. Outcome was
assessed by level of community reintegration at follow-up. Based on prior research,
compared to the control group, we hypothesized that the TBI group will demonstrate
impaired metacognitive awareness, anticipatory awareness, and error-monitoring at baseline
and impaired anticipatory awareness and error-monitoring at follow-up [19,30,31]. Self-
regulation was not hypothesized to be impaired at either baseline or follow-up given the
opportunity to immediately benefit from task experience. Furthermore, we hypothesized that
metacognitive awareness and anticipatory awareness will predict outcome because these two
aspects of self-awareness encompass beliefs about one’s performance prior to a task. Past
studies suggest that error-monitoring will also predict outcome because it is a process that
happens while the participant is engaged in a task. In contrast, self-regulation is not expected
to significantly predict outcome because it is an adjustment that happens in a person’s belief
system after experience with a task, which may not necessarily represent a long-term
adjustment.

Ninety participants with TBI (28 females and 62 males) and 90 matched control participants
were included in this study (40 females and 50 males). Participants with TBI were recruited
from a rehabilitation programme in the Pacific Northwest. Participants with TBI received
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feedback regarding cognitive functioning in return for their involvement in the study.
Control participants were recruited from the community through the use of advertisements
and received monetary compensation in return for their time.

All participants with TBI suffered a moderate or severe TBI. Forty-seven of the participants
with TBI suffered a severe TBI, defined by a Glasgow Coma Scale (GCS) score of 8 or less,
documented at the scene of the accident or in the emergency room [36]. The remaining 43
participants with TBI suffered a moderate TBI classified by a GCS between 9 and 12 (n
=16) or by a GCS of higher than 12 accompanied by positive neuroimaging findings and/or
neurosurgery (n=27) [36]. Many of the participants with TBI experienced a coma duration
longer than two hours as reported in medical records or by careful clinical questioning of the
participant and/or knowledgeable informant (M = 52.98 hours; SD= 114.28 hours; range= 0
— 696 hours). All participants exhibited an extended period of post-traumatic amnesia (PTA;
M = 18.41 days; SD= 12.89 days; range = 1-55 days). Emergence from PTA was measured
by repeated administration of the Galveston Orientation and Amnesia Test (GOAT) [37], or
when PTA had resolved prior to arrival at the rehabilitation facility, by asking the
individuals with TBI to recall their memories until the evaluator was persuaded that the
participant displayed normal continuous memory [38, 39].

For the baseline session, participants were tested an average of 18 days after emergence
from PTA (M= 18.411 days; SD= 12.891 days; range= 1-55 days) with time since injury
ranging from 7- 198 days (M= 45.00 days; SD= 35.14 days). Participants also completed a
follow-up testing session an average of 8 months after the baseline testing session (M=
237.30 days; SD= 84.67 days; range= 121-445 days), with time since injury ranging from
113-664 days (M= 280.11 days; SD= 104.11 days).

Fifty-six participants suffered their head injuries as a result of a motor vehicle or motorcycle
accident, 3 incurred their injury as a pedestrian in a motor vehicle accident, 29 participant
injuries were due to a fall, 2 injuries resulted from an assault, 2 incurred sports related
injuries, and 2 participants suffered injuries from none of the aforementioned categories.
Participants were excluded from this study if they had a preexisting neurological,
psychiatric, or developmental disorder(s) other than a TBI, a history of treatment for
substance abuse, or a history of multiple head injuries. Participants were also excluded if
they did not have data on at least two or more of the self-awareness measures.

Comparisons between the TBI and control groups revealed that the participants with TBI
and control participants did not differ in age (see Table 1) at baseline. However, control
participants had a higher level of education (M=14.5; SD= 2.58) than the participants with
TBI (M=13.38; SD= 2.48); thus, education was controlled for in the analyses. The groups
did not differ in gender ratio, X2 (1, n=180) = 3.403. Table 1 also shows that participants
with TBI performed more poorly than controls on cognitive measures assessing attention
and speeded processing (Symbol Digit Modalities Test [SDMT]; Trail Making Test, Part A),
verbal learning and memory (Rey Auditory Verbal Learning Test [RAVLT], and executive
functioning (Controlled Oral Word Association test [COWA, PRW]; Letter-Number
sequencing sub-test from the Wechsler Adult Intelligence Scale-Third Edition [WAIS-I11];
Trail Making Test, Part B).
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Procedure

Forty-nine of the participants with TBI (13 female and 36 male) agreed to be retested
approximately 6-months to 1-year after their baseline session. The participants with TBI
who were retested did not differ from the nonreturners in age, education, sex, or severity of
injury as measured by GCS and duration of PTA (see table 1). Also, performance on tests of
attention and speeded processing, verbal learning and memory, and executive functioning
skills did not differ between TBI returners and non-returners (see table 1). This suggests that
the TBI returners and nonreturners were likely drawn from the same population. Control
participants were similarly tested again between 6-months and 1-year (M=191.17; SD=
87.76). Retested control and participants with TBI were matched in age, t(96)=0.31 (control:
M=36.64; TBI: M=37.78) and gender, X2 (1, N = 98) = 2.88; however, level of education
was higher for the control participants (M=14.45) compared to the participants with TBI
(M=13.10), t(96)= -2.46, p=0.016.

This experiment was completed as part of a larger test battery that included standardized
neuropsychological tests and other experimental measures [40]. The neuropsychological
measures were administered using standardized instructions across two days of testing. All
measures used in this study were administered on the first day of testing.

Self-awareness measures

Metacognitive Awareness—The Problems in Everyday Living Questionnaire (PEDL,
[41]) contains 13 questions, which require practical problem solving skills. The questions
present an everyday problem (e.g. ‘If you were lost in the forest in the daytime, how would
you go about finding your way out?’) and participants must respond with how they would
react to the problem. Responses were recorded verbatim and scored on a 3-point scale (0-2).
Higher scores indicate higher ability to problem solve in everyday situations. This
instrument was used to assess metacognitive awareness because of its ability to evaluate
participants” knowledge and understanding about strategies and task characteristics before
task initiation.

Anticipatory Awareness and Self-Regulation—The Rey Auditory Verbal Learning
Test (RAVLT, [42]) is a verbal list-learning test that was used to assess anticipatory
awareness and self-regulation. Participants were auditorily presented with 15 words, read at
a rate of 1 word every 2 seconds, over five learning trials. Following each trial participants
recalled as many words as possible. After the 5 learning trial, participants were presented
with an interference list, which was followed by short-delay free recall for the original list.
Long-delay free recall for the original list occurred after a 20-minute delay filled with other
activities. Prior to beginning the list-learning task, participants were provided with a
description of the RAVLT and then asked to predict how many of the 15 words they thought
they would recall after a 20-minute delay. After the short-delay free recall, participants were
asked to make a post-experience prediction about how many of the 15 words they thought
they would recall 20 minutes later. Pre-experience prediction accuracy, determined by
calculating the absolute difference between the initial prediction and actual performance
score, was used to assess anticipatory awareness. Post-experience prediction accuracy,
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determined by calculating the absolute difference between the prediction made following the
short-delay free recall and the actual performance score, was used to assess self-requlation.

Error-Monitoring—Two tasks were used to assess error monitoring: the letter fluency task
[43] and five point task (FPT, [44]). For the letter fluency task, participants were given 60
seconds to provide as many words as they could think of that began with a certain letter.
Three trials were administered using the letters P, R, and W. Participants were instructed not
to provide proper nouns, numbers, or the same word with a different suffix as responses.
The FPT required participants to produce as many different designs as they could within
three minutes. Participants were told that the designs must be made by using straight lines to
connect dots inside of a square. Furthermore, only single lines could be used. The total
number of errors and perseverations recorded for both tasks (letter fluency and FPT) were
added together and then divided by the total amount of attempts as the measure of error-
monitoring. Consistent with prior work by Ownsworth and colleagues [29], an error was
counted each time the participant did not follow the instructions (e.g., saying a proper noun
on the letter fluency task), and a perseveration was counted when a prior response was
repeated on the letter fluency task or reproduced on the FPT. This measure of error-
monitoring assessed ability to monitor task performance by recognizing errors in task
completion and repetition of task responses [29].

Outcome measure

Results

Analyses

Community Integration Questionnaire (CIQ) [45]—The CIQ was used to assess
general TBI outcome at follow-up. The CIQ includes three subscales that measure overall
integration: home competency, social integration, and productivity. There are 15 items, each
rated on a scale of 0 to 2, with 2 signifying greater independence. The three subscales were
totaled independently and then added together for the total CIQ score that ranges from 0 to
25, with higher scores indicating greater reintegration. The CIQ has high test-retest
reliability (r=.91) and high concurrent validity with other disability outcome measures [46].

Data were analysed using SPSS statistical software. We began by using Analysis of
Covariance (ANCOVA) to compare the full sample of TBI and control participants’
performance on the four aspects of self-awareness (i.e. metacognitive awareness,
anticipatory awareness, error-monitoring, and self-regulation) at baseline. In these analyses,
education served as a covariate. We then conducted t-tests to determine whether our TBI
returners and non-returners demonstrated similar performances on the measures of
awareness at baseline. To examine whether changes in self-awareness occurred during
recovery, we conducted group (TBI and control) by time (baseline and follow-up) mixed
model repeated measures ANCOVAs separately for each of the four aspects of self-
awareness. Next, multiple regression analyses were used to evaluate whether the four
aspects of self-awareness measured at baseline and at follow-up predicted outcome at
follow-up (i.e. community reintegration) with the TBI follow-up sub-sample.
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Comparing self-awareness measures between TBI and control groups at
baseline—Separate ANCOVA'’s with education as the covariate were conducted at
baseline for each of the four awareness variables. The analyses revealed that the TBI group
exhibited significantly poorer metacognitive awareness, F(2,17)=6.40, p<0.001, and poorer
error monitoring, F(2,16)=7.27, p<0.001, at baseline compared to the control group (see
table 2). There was no significant difference between the TBI and control groups in
anticipatory awareness, F(2,168)=1.80. Significant differences between the TBI and control
groups were found in self-regulation, F(2,170)=6.40, p<0.001, although these findings
suggested better performance by the TBI group and this will be addressed later (see table 2).

Comparison of TBI returners and non-returners on the self-awareness
variables at baseline—Before examining the effects of recovery on the self-awareness
variables, comparisons of TBI returners and nonreturners were conducted to determine
whether there were significant differences between the two samples. As can be seen in table
2, the TBI returners and nonreturners did not differ significantly in their performances on the
self-awareness measures at baseline, suggesting that the returners are likely to be drawn
from a similar population as the nonreturners.

Investigating change over time in the self-awareness measures

Metacognitive awareness—Results of a group (TBI vs. control) by time (baseline and
follow-up) mixed model repeated measures ANCOVA for metacognitive awareness
revealed no significant main effect of group, F(1,91)=0.14, p=0.71, 12=0.00, or time,
F(1,91)= 0.16, p= 0.69, 12=0.02. There was, however, a significant interaction,
F(1,91)=7.74, p=0.01, n2=0.08. As seen in table 3, the participants with TBI demonstrated
significant improvement in their metacognitive awareness scores between baseline (M=
21.55) and follow-up (M= 22.96), t(41)= -3.91, p<0.001, while there was no significant
change in performance for the control group (M= 22.20 vs. M=21.92); t(48)= 0.70.

Anticipatory awareness—For anticipatory awareness, a group by time mixed model
ANCOVA did not yield significant main effects for group, F(1,90)=2.80, p=0.10, 12=0.03;
or time, F(1,90)=0.50, p=0.48, 1?=0.01; and no significant interaction was found,
F(1,90)=0.65, p=0.42, 12=0.01 (table 3).

Error-monitoring—The ANCOVA for error-monitoring revealed a significant main effect
for group, F(1,84)=10.78, p<0.001, n2=0.11 (see table 3). The main effect of time,
F(1,84)=2.02, p=0.16, n2=0.02, and interaction, F(1,84)=0.96, p=0.33, 12=0.01, were not
significant. As seen in table 3, the TBI group exhibited significantly poorer error-monitoring
compared to the control group at both baseline, F(2,84)= 7.42, p < 0.001, and follow-up,
F(2,87)=2.98, p < 0.05.

Self-regulation—A group by time mixed model ANCOVA on the self-regulation measure
indicated a significant main effect of group; F(1,90)=8.54, p<0.001, 12=0.09. No significant
main effect of time was found; F(1,90)=2.87, p=0.09, 12=0.03, and there was no significant
interaction; F(1,90)=0.48, p=0.49, 1?=0.01. In contrast to our hypothesis of no group
difference, the data revealed that the TBI group exhibited significantly better performance
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than the control group on the self-regulation measure at baseline F(2,89)=4.18, p < 0.02,
and at follow-up, F(2,97)= 3.72, p < 0.03 (see table 3).

To further evaluate this unexpected finding, we compared the TBI and control groups’ pre-
and post-experience predictions on the RAVLT task, actual performance on the RAVLT
task, and prediction adjustments (absolute difference between participants’ pre-experience
and post-experience predictions). As displayed in table 4, both the participants with TBI and
control participants’ pre-experience predictions were between 6-8 words, which is near the
midpoint for the 15-item RAVLT word list. Because the TBI group’s actual performances
on the RAVLT task fell closer to the midline range (M=7.70, baseline; M=9.48, follow-up)
when compared to the control group (M=11.02, baseline; M=11.55, follow-up), if both
groups used the midpoint of the 15-item list to anchor their predictions, this would result in
better predictions by the participants with TBI. Of note, however, the TBI group’s pre-
experience and post-experience predictions were either numerically or significantly lower
than those of controls at both baseline and follow-up (see table 4), suggesting that the TBI
group was accurately adjusting expectation of their performances downward when
compared to controls.

Correlations among the self-awareness measures—At both baseline and follow-
up, the only significant correlation among the self-awareness measures was that for
anticipatory awareness and self-regulation (see Table 5). This is not unexpected because
these variables both measured participants’ predictions on the same task but at different
points in time (i.e. pre-experience versus post-experience). The fact that no other
correlations reached significance suggests that these measures were capturing different
aspects of awareness.

Regression analyses examining awareness and TBI outcome—To reduce the
number of predictors in the regression analyses, we first examined correlations with
demographic and injury-related variables that might impact outcome. The correlations were
conducted with both the predictor (self-awareness components) and outcome (CIQ)
variables. As can be seen in table 6, no significant correlations were found between either
the predictor or outcome variables and age, education, gender, TSI, and PTA,; therefore, no
demographic or injury characteristics were controlled for in our regressions in order to
increase power. It is also important to note that our predictor variables were not significantly
related to injury severity as measured by PTA, which suggests that they are distinct variables
and not measures of injury severity. In addition, all regressions reported were also run as
multiple hierarchical regressions with demographic and injury characteristic information
entered into the first step and self-awareness predictors into the second step. The regression
results did not significantly differ from those reported.

The four awareness measures were entered simultaneously in each regression analysis.
There was no significant multicollinearity among the four awareness variables (Variance
Inflation Factors < 1.32). Table 6 displays the correlations between the self-awareness
components and outcome variable. There was one significant negative correlation between
follow-up error-monitoring and CIQ; r=—0.53, p<0.001.
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Self-awareness measures and the CIQ—A regression analysis was performed to test
the relative influence of baseline awareness measures on the follow-up CIQ scores (table 7).
Results of the regression model were not significant, F(4,31)=1.63, p=0.19, with 17.3% of
the variance in CIQ scores accounted for. However, error-monitoring approached
significance as a unique predictor, t=—1.98, p=0.06.

A similar regression analysis using follow-up awareness measures to predict follow-up CIQ
was significant, F(4,35)= 4.09, p=.01. The model accounted for 31.8% of the variance in the
CIQ score. Also, error-monitoring emerged as a significant unique predictor within the
model, t=—3.54, p<0.001, indicating that better error-monitoring predicted higher CIQ
scores (see table 7).

Although injury severity, as measured by PTA (see table 6), was not correlated with any of
our model measures, we conducted a further follow-up hierarchical regression to rule out
severity of injury as a possible driving factor in our analysis. We entered PTA in the first
block and the self-awareness measures in the second block. Controlling for injury severity
did not significantly change the regression model, F(5,34)= 3.57, p=0.01 (table 8). This
again indicates that our predictor variables are distinct measures, rather than measures of
injury severity.

Discussion

The purpose of this study was to investigate components of the DCMA model of cognitive
self-awareness (i.e. metacognitive awareness, anticipatory awareness, error-monitoring, and
self-regulation) in individuals who had sustained moderate-to-severe TBls, as well as to
evaluate recovery in the self-awareness measures. We also examined whether the measures
of self-awareness at both baseline and follow-up predicted community reintegration at
follow-up. Participants with TBI completed several neuropsychological tasks that measured
metacognitive awareness, anticipatory awareness, error monitoring, and self-regulation in
the acute phase of recovery, as well as 6-months to 1-year later.

As expected, participants with TBI demonstrated impaired metacognitive awareness
compared to controls in the acute phase of recovery. This suggests that the ability to
conceptualize task performance (i.e. knowledge and understanding of task characteristics) is
difficult in the early stages following TBI. A lack of metacognitive awareness could make
understanding of rehabilitation techniques difficult during the acute phase of recovery [1,7].
For example, subjective beliefs about tasks can limit proper task difficulty appraisal, which
can create inaccurate judgments that may interfere with the amount of cognitive effort put
forth during rehabilitation. Inaccurate task appraisal can impact type and level of task
engagement, selection of strategies, and effort and goal commitment within and outside of
the rehabilitation setting [1]. We also found that metacognitive awareness significantly
improved over time in the TBI group and was not impaired at follow-up relative to the
control group, which is consistent with prior literature [7]. These findings demonstrate that
metacognitive awareness can improve with recovery, which may be due to a multitude of
factors such as the person’s ability to re-learn task strategies, improvement in related
cognitive factors, and increased task experience.
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Error-monitoring was found to be impaired at both baseline and at follow-up, which is also
consistent with prior research [27,29,31]. It appeared that individuals with TBI experienced
more difficulty than controls recognizing errors when performing tasks, which can limit
ability to recognize flawed task performance and adjust task performance appropriately [1].
Accurate error monitoring depends on the integration of a number of different cognitive
abilities (e.g. attention, visual perception), which are necessary for accurate task appraisal
and error recognition [1]. Difficulty with error monitoring is particularly concerning because
it can limit a person’s ability to recognize a potentially dangerous task action. Although we
found that error-monitoring did not improve significantly over time, it is possible that there
may be an opportunity during rehabilitation to improve error-monitoring with targeted
interventions that will be discussed later.

Anticipatory awareness and self-regulation were both measured by pre-experience and post-
experience predictions of task performance, respectively. Self-regulation was found to be
significantly better in the TBI group compared to the control group, while anticipatory
awareness did not show group differences. This suggests that the TBI group was accurately
able to appraise the task situation and to predict their task performance both pre-experience
and post-experience. Consistent with this interpretation, the TBI group predicted that they
would perform more poorly than the control group recalling words from the list learning
task, which was consistent with actual delayed memory scores of the TBI group. While we
did not expect that self-regulation would be impaired following TBI, the finding that the TBI
group performed better on this measure than the control group was unexpected and is
recognized as a limitation to our study. Although this may reflect proficiency by the TBI
group in using task performance to adjust predictions, another potential contributor to this
finding may be the fact that performance anchors (average performance on task for age)
were not provided to participants. Some research has shown that without anchors people
tend to estimate their performance at the midpoint (i.e. a prediction of 8 on a 16-item word
list [33]). Mean group pre- and post-experience predictions suggested that both the
participants with TBI and control participants may have been using the midpoint range of
the word list to anchor predictions. Thus, because the TBI groups’ actual RAVLT
performances were closer to the midling, this likely caused their predictions to be more
accurate, which is a limitation for our anticipatory awareness and self-regulation measures.

It is also important to point out that neither the TBI or control groups’ pre-experience and
post-experience predictions were accurate when compared to actual performance scores (i.e.
a score of 0 on anticipatory awareness and self-regulation measures). This finding is
consistent with previous literature, which has found that cognitively healthy adults do not
always accurately predict performances on neurocognitive tests [47,48,49,50]. Thus, it may
be that healthy adults are not able to accurately predict performance, but because they have
other intact cognitive abilities, this does not significantly impact their daily functioning.
However, because individuals with TBI often have other cognitive deficits, a failure to
accurately predict task performance could be problematic during rehabilitation. For
example, if a healthy adult starts a task that is too complex or challenging, they can use other
cognitive abilities, such as problem solving processes, to decide how to safely and
reasonably proceed (e.g. ask for help). In contrast, if an individual with a TBI starts a task
that is too complex, they may be perseverative, feel overwhelmed, create a dangerous
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situation, or have compromised judgment regarding their decisions of how to proceed. Of
note, these online awareness processes may vary depending on the task and context; thus,
these aspects of self-awareness can be relatively unstable [1]. Using prediction scores based
on one memory task does not allow us to fully assess how anticipatory awareness and self-
regulation may fluctuate throughout different tasks (e.g. executive functioning) and contexts.
Therefore, more research on anticipatory awareness and self-regulation and how these
components impact rehabilitation is warranted.

We were also interested in how these self-awareness components impacted community
reintegration. We found that the follow-up self-awareness variables were predictive of
community reintegration at follow-up. Furthermore, error-monitoring approached
significance as a unique predictor at baseline and was found to be a unique predictor in the
follow-up CIQ regression model. Error monitoring also remained a unique predictor even
after controlling for severity of injury, suggesting that it is a unique variable and not just a
measure of injury severity. Prior research has consistently demonstrated error-monitoring to
be impaired in patients with TBI both acutely and at long-term follow-ups [27,29,31]. Thus,
implementing interventions that can target improvement of error-monitoring may be a
crucial aspect of rehabilitation. For example, Schmidt, Fleming, Ownsworth, and Lannin
[51] developed an intervention using video and verbal feedback during online task
performance. They found that participants with TBI who received the intervention
demonstrated significantly better error-monitoring compared to participants who did not
receive the intervention, as evidenced by the number of errors committed during a post-
intervention task. Similarly, Toglia and Kirk [1] suggested that the process of online error-
monitoring can lead to a restructuring of task knowledge and beliefs, which can result in
effective enhancement of self-awareness. They also emphasized the importance of error-
monitoring interventions that utilize tasks that are the ‘just right challenge’. More
specifically, they argued that tasks should match the person’s current information processing
abilities in order to be stimulating enough to produce errors, but not too challenging, as that
may be overwhelming [1]. These types of interventions that target improvement of error-
monitoring may facilitate community reintegration following TBI and should be researched
further.

This study shows promising results in the area of self-awareness research; however, there
were several limitations. We had a limited sample size for the follow-up time point. The
smaller sample size, specifically in the regressions, resulted in decreased power and these
results should be interpreted with caution. The lack of strong correlations between the
awareness measures provides support for the supposition that these components of self-
awareness are distinct, but interrelated. However, it could also be argued that the lack of
correlations among these measures suggests that they may not be measuring a global
concept of self-awareness; thus, further investigation of the relationship between these
measures is needed. Also, the self-awareness measures used in this study are not well-
researched or validated measures of self-awareness. Specifically, the anticipatory awareness
and self-regulation measures involved predictions in performance scores, which have yet to
be commonly used in self-awareness research. Some research has critiqued the use of
prediction scores and studies have suggested that individuals may need to be provided with
anchors [33]. Research has also proposed that the type of task and the context of the
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situation can impact online self-awareness processes; thus, using prediction scores for one
specific task may be a limited assessment of anticipatory awareness and self-regulation [1].
Future research should focus on exploring self-awareness measures further. It is important
that we discover how predictions of performance relate to self-awareness and whether
anchors should be used or not. Moreover, it should be a goal to increase overall sample size
and decrease attrition rates for follow-up time points.

Self-awareness plays an essential role in TBI rehabilitation and can impact motivation,
safety, and rehabilitation goals during recovery [14,15,16]. This research provides empirical
evidence that self-awareness, as it relates to cognitive performance, is significantly related to
community reintegration and suggests that self-awareness interventions focusing on
improving error-monitoring may be particularly important. Our results also offer insight into
the pattern of recovery for the differing aspects of awareness, which is crucial to understand
in rehabilitation. The data were consistent with the underlying theory of the DCMA, which
suggests that self-awareness is a complex construct with varying components. However,
additional research that addresses the current study limitations is needed to better understand
how different aspects of awareness may influence recovery and impact rehabilitation
strategies. With a better understanding of self-awareness, we can develop more effective
interventions and more comprehensive theories of recovery after TBI, which is of the utmost
importance.
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Table 2

TBI and Control Group Performances on Self-Awareness Components at Baseline

Baseline Group TBI Group
TBI Control Returners Nonreturners
n=90 n=90 n=49 n=41

Metacognitive Awarenesst ~ 21.088 (0.334) 21 876 (0.319)* 21.317 (2.669)  20.667 (3.133)

Anticipatory Awareness! 3480 (0.320)  4.270(0300)  3.425(2707)  3.689 (3.103)

Error MonitoringT 0.130(0.020) 0,040 (0.020)* 4641 (3.141)  7.273(8.499)
Self-Regulation® 2.290(0.264) 3590 (0.250)" 2.400 (2.4) 2.022 (2.022)
Note:

*

p <0.01;

ihigher score indicates better performance;

t .
lower score indicates better performance
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Table 3

Comparisons of TBI and Control Group Performances on Self-Awareness Components at Baseline and
Follow-up

Baseline Follow-up

TBI Control TBI Control
n=49 n=49 n=49 n=49

Metacognitive Awarenesst ~ 21552 (0.411)  22.200(0.362) ~ 22.963 (0.413) 21924 (0.422)

Anticipatory Awareness; 3.402 (0.471) 4.462 (0.411) 3.714 (0.402) 4.192 (0.353)

Error Monitoring+ 0.083 (0.012) 0.033 (0.012) 0.072 (0.011) 0.044 (0.011)
Self-Regulationy 2.382(0.372) 3.884 (0.322) 2.981 (0.412) 4.070 (0.363)
Note:

ihigher score indicates better performance;

b=lower score indicates better performance
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Table 4

Comparisons of TBI and Control Group Mean Performances and Predictions

Baseline Follow-up

TBI Control TBI Control
n=49 n=49 n=49 n=49

RAVLT pre-experience 6.102 (2.899) 7.223 (3.184) 6.766 (3.302) g 005 (3.212)*
predictions

RAVLT delayed recall 7.659 (3.535)  11.020 (3.010)** 9.479 (4.141) 11551 (3.565)*
(actual performance score)

RAVLT post-experience 5.850(2842) 7449 (3.753)" 6.833(3.392)  7.796 (3.623)
predictions

Prediction adjustments 1.025 (2.577)  0.612(2.842)  0.604 (2.735)  0.122 (2.743)

Note:
*

p <0.05,
*k

p<0.01,

RAVLT= Rey Auditory Verbal List Learning Task
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Correlations Between TBI Group’s Self-Awareness Components at Baseline and Follow-up

Table 5

Metacognitive  Anticipatory

Error- Self-

Awar eness Awareness  Monitoring Regulation

Baseline

Metacognitive Awareness 1.0 -0.061 -0.131 -0.003

Anticipatory Awareness 1.0 0.104 0.465"

Error-Monitoring 1.0 0.203

Self-Regulation 1.0
Follow-up

Metacognitive Awareness 1.0 0.183 -0.050 0.067

Anticipatory Awareness 1.0 -0.030 0.350%

Error-Monitoring 1.0 -0.160

Self-Regulation 1.0

Note:

*
p<0.01
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Table 8

Regression of follow-up Self-Awareness Component Predicting C1Q, Accounting for Injury Severity

B t R2 F
Model 1:
PTA -0.189 -1.189 0.036 1.413
Model 2:
PTA -0.165 -1.162

Metacognitive Awareness  0.086 0.598
Anticipatory Awareness -0.098 -0.654

Error-Monitoring -0.490 _3467*
Self-Regulation 0.188 1.251

Overall Model 0.344 3 579*
Note:

*

p<0.01;

PTA= Post-Traumatic Amnesia
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