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The objective of this study was to investigate changes in self-awareness impair-
ments in outpatients with acquired brain injury (ABI) and the effects these
changes have on rehabilitation. Participants were 78 patients with ABI (8.3
years post-injury) who followed an intensive outpatient neuropsychological
rehabilitation programme. This longitudinal study comprised pre (T1) and
post (T2) measurements and a one-year follow-up (T3). Thirty-eight patients
completed the study. The main outcome domains were self-awareness, depress-
ive symptoms, psychological and physical dysfunction, and health-related
quality of life (HRQoL). Patients were divided into three awareness groups:
underestimation, accurate estimation, and overestimation of competencies.
Most patients who underestimated their competencies at the start of treatment
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accurately estimated their competencies directly after treatment (9 out of 11
patients). These patients also exhibited the largest treatment effects regarding
depressive symptoms, psychological and physical dysfunction, and HRQoL.
Most patients with impaired self-awareness (i.e., overestimation of competen-
cies) at the start of treatment continued to overestimate their competencies after
treatment (10 out of 14 patients). These patients exhibited a significant decrease
in depressive symptoms but no other treatment effects. The results indicate that
changes in outcome are related to changes in awareness, which underline the
importance of taking into account different awareness groups with respect to
treatment effects.

Keywords: Self-awareness; Awareness; Brain injury; Rehabilitation; Treatment
outcome.

INTRODUCTION

Patients with acquired brain injury (ABI) often have an impaired awareness of
the deficits that result from the injury. They have difficulty in the appraisal of
their strengths and weaknesses and the implications of the changes that result
from the ABI for life in the present and future (Fleming, Strong, & Ashton,
1996; Prigatano & Schacter, 1991). Impaired self-awareness typically
refers to the overestimation of competencies. However, there is also a
group of patients who underestimate their competencies. This distinction is
clinically and scientifically important because these groups have different
characteristics. In a recent study, we demonstrated that patients with ABI
who underestimated their competencies reported more depressive symptoms
compared with patients who accurately estimated or overestimated their com-
petencies. Patients who overestimated their competencies reported the same
level of depressive symptoms as patients who accurately estimated their com-
petencies (Smeets et al., 2014).

A better awareness of deficits at the start of rehabilitation is associated with
more favourable outcomes with respect to independence in complex everyday
tasks, psychological or emotional adjustment, and employment outcomes
(Leung & Liu, 2011; Ownsworth & Clare, 2006). Furthermore, changes in
awareness appear to influence changes in outcome. One study (Ownsworth,
Desbois, Grant, Fleming, & Strong, 2006) with outpatient individuals with
ABI who were, on average, four years post-injury, investigated whether
changes in awareness influenced changes in employment status. It was
demonstrated that patients who became more aware of their deficits also
showed an improvement in their employment status (Ownsworth et al.,
2006). To our knowledge, this is the only study to address the effects of
changes in awareness on other outcomes.
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These findings suggest that it is relevant to improve the awareness of def-
icits in patients who have suffered an ABI. In a recent paper, Schrijnemae-
kers, Smeets, Ponds, van Heugten, and Rasquin (2013) reviewed nine
interventions that aimed to improve the awareness of deficits in patients
with ABI. Although the evidence for effective interventions was scarce, the
authors propose some tentative guidelines for a general approach to
improve awareness. In patients who have some intellectual awareness, i.e.,
who have the ability to understand that a specific function is impaired
(Crosson et al., 1989), an intervention should include a combination of train-
ing in functional skills in multiple settings and multimodal feedback related to
performance (Schrijnemaekers et al., 2013).

The Intensive NeuroRehabilitation (INR) programme is a holistic treat-
ment programme provided in The Netherlands for patients in the chronic
phase after ABI. The INR programme includes the training of multiple func-
tional skills and offers multimodal feedback. The programme focuses on
increasing individuals’ awareness of their deficits and on the acquisition of
compensatory strategies, adequate coping skills, acceptance of the conse-
quences of the injury, and efficient interpersonal skills (van Balen, Jorritsma,
Groet, & Vink, 2002). The patients following the INR programme are a
relevant group to study in order to increase our understanding of awareness
deficits after ABI.

Therefore, the primary objective of this study was to investigate changes in
self-awareness in patients with ABI who followed the INR programme. We
hypothesised that both patients who overestimated and underestimated their
competencies at the start of INR would have accurate awareness after INR.
The secondary objective of this study was to investigate the effects of
changes in self-awareness on outcome domains relevant to the INR pro-
gramme, i.e., depressive symptoms, psychological and physical dysfunction,
and health-related quality of life (HRQoL). We hypothesised that patients
whose awareness had improved after INR would benefit more from INR
with respect to depressive symptoms, psychological and physical dysfunc-
tion, and HRQoL compared with patients who did not exhibit improved
awareness.

METHODS

Participants

The participants were patients with ABI who were enrolled in the INR pro-
gramme of the rehabilitation centre Reade (Amsterdam, The Netherlands)
between August 2008 and December 2013. In addition, a significant other
(SO) of each patient participated in the study.
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Rehabilitation professionals, outpatient support services, and physicians
refer patients to the INR programme. The inclusion criteria for admission
are as follows: (1) ABI of a non-progressive nature (e.g., traumatic brain
injury or stroke) documented by medical/surgical records and/or brain
imaging; (2) time since injury at least 12 months; (3) age between 18
and 65 years; and (4) demonstration of at least some knowledge regarding
the consequences of the injury based on clinical judgement. The exclusion
criteria are as follows: (1) language deficits that interfere with communi-
cation; (2) behavioural or psychiatric disorders that could interfere with
group functioning (e.g., aggression or extreme disinhibition); (3) insuffi-
cient command of the Dutch language; or (4) substance abuse. An extra
exclusion criterion for this study was that only the data of patients with
complete awareness assessments at the pre-treatment measurement (T1)
were used.

Intervention

The INR programme is described in detail elsewhere (van Balen et al.,
2002). It is based on the holistic, therapeutic milieu approach described
by Ben-Yishay (2000). Briefly, INR is an outpatient group programme
with eight patients per group. The staff consists of neuropsychologists,
physical therapists, a vocational therapist, a physiatrist, and a secretary.
Each patient is assigned to a personal coach with whom they have a
weekly counselling session. The programme length is 14 weeks, which con-
sists of seven weeks of training followed by a two-week break and another
seven weeks of training. The patients attend the programme four days per
week with 3–4.5 hours of group training per day and one individual
session per week.

To increase awareness of their deficits, the patients receive psycho-edu-
cation and feedback from various sources. During psycho-education (one
hour group session per training day), the patients learn about the brain and
its functions in general and, more specifically, about the potential dysfunc-
tions after brain injury. Written information, experiential exercises and
role-plays help patients to become (more) aware of the characteristics of
their brain injury. In addition, feedback is provided in various forms through-
out the INR programme to promote awareness. Each training day, the patients
are trained in setting realistic goals to promote the use of compensatory strat-
egies to manage the consequences of the injury; they receive interpersonal
training and have group discussions. The patients receive feedback from
the staff, group members or guests that participate in the programme for
one day. The patients also perform exercises that are videotaped, and
receive feedback on their performance from the staff and fellow group
members while watching the video (van Balen et al., 2002).
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Study design and procedure

The current study is part of an on-going longitudinal cohort study. T1 is the
pre-treatment measurement assessed in the four weeks before the start of the
INR programme. Maximally four weeks after the end of the programme, post-
treatment measurements were taken (T2), and one year after the end of the
programme, there was a follow-up measurement (T3). The questionnaires
used in this study were completed at these three time-points at the rehabilita-
tion centre (T1, T2) or at home (T3). The questionnaires completed at home
were returned by mail.

The neuropsychological assessment and questionnaires were standard
clinical procedures within the INR programme. The patients provided
informed consent for the anonymous use of their data for scientific purposes.
A review procedure by a medical ethics committee was not needed for the use
of anonymous and routinely collected data.

Measurements

Demographic and injury-related information

The following information was extracted from the patients’ files: date of
birth, gender, educational level, and type and date of brain injury. Information
regarding the gender and relation of SOs to the patient were collected. The
educational level of the patients was rated on a six-point scale according to
a standardised Dutch classification system (Verhage, 1964). These categories
were reduced to two categories: low education (classifications 1–4) and high
education (classifications 5–8).

Self-awareness

The Patient Competency Rating Scale (PCRS; Prigatano et al., 1986) is a
30-item questionnaire used to assess impaired self-awareness after brain
injury. Respondents are asked to rate how well a patient can perform
certain activities at this moment. The items are rated on a 5-point Likert
scale from 1 (cannot do) to 5 (can do with ease). The patient rates his own
behaviour, and an SO rates the patient’s behaviour. The discrepancy
between the patient’s score and the SO’s score is a measure of the self-aware-
ness of competencies. The discrepancy score is calculated by subtracting the
SO’s score from the patient’s score. A greater discrepancy indicates greater
impairment in the patient’s self-awareness (range 2120 to 120). Positive dis-
crepancies indicate overestimation and negative discrepancies indicate under-
estimation of difficulties. In addition to the discrepancy scores, a categorical
awareness score was calculated that divides the patients into three awareness
groups: underestimation, accurate estimation and overestimation of
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competencies (Prigatano & Altman, 1990; Smeets et al., 2014). The patients
were classified into groups by calculating the number of items in which the
patient (P) rating was lower than the SO rating (P , SO), exactly equal to
the SO rating (P ¼ SO), and greater than the SO rating (P . O). The patients
were classified in the underestimation group when the number of P , SO
items was greater than the numbers of P ¼ SO and P . SO items. To be
classified in the accurate estimation group, the number of P ¼ SO items
had to be the highest. Finally, to be classified in the overestimation group,
the number of P . SO items had to be the highest. The PCRS has good psy-
chometric properties (Smeets, Ponds, Verhey, & van Heugten, 2012).

Depressive symptoms

The Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996;
van der Does, 2002) is a 21-item self-report questionnaire used to measure
symptoms of depression. Items are rated on a 4-point scale. The scores on
these items are summed, and the total score ranges from 0 to 63. Scores
from 0–13 indicate minimal depression; 14–19 mild depression; 20–28 mod-
erate depression; and 29–63 indicate severe depression. The BDI-II has been
proven to have good psychometric qualities in a variety of samples (Wang &
Gorenstein, 2013), including patients with traumatic brain injury (Green,
Felmingham, Baguley, Slewa-Younan, & Simpson, 2001).

General psychological and physical dysfunction

The Symptom Checklist-90 – Revised (SCL-90-R; Arrindell & Ettema,
2005; Derogatis, 1977) is a 90-item self-report questionnaire used to assess
general psychological and physical dysfunction in recent time. Respondents
indicate on each item to what degree they have suffered from a specific com-
plaint in the previous week. Items are rated on a 5-point scale from 0 (not at
all) to 4 (extremely) and summed, which results in a total score that can range
from 0 to 360. Higher scores indicate that patients experienced more psycho-
logical and physical dysfunction in the previous week. The SCL-90-R has
been used in a variety of patient groups, including outpatient neurological
patients (Ruis et al., 2014).

Health-related quality of life

The Quality of Life in Brain Injury (QOLIBRI; von Steinbuechel, Petersen,
& Bullinger, 2005) is a self-report questionnaire that assesses HRQoL after
traumatic brain injury. The QOLIBRI consists of 37 items and covers six
HRQoL dimensions (Cognition; Self; Daily life and autonomy; Social
relationships; Emotions; and Physical problems). Items are scored on a 1–5
scale and the scores are converted to a 0–100 scale. Higher scores represent
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a better quality of life. The test-retest reliability and internal consistency are
good (von Steinbüchel et al., 2010).

Statistical analyses

Sample characteristics

Descriptive analyses were performed to describe the patient character-
istics, baseline levels of deficit awareness (PCRS), depressive symptoms
(BDI-II), general psychological and physical dysfunction (SCL-90-R), and
HRQoL (QOLIBRI). Consistent with the manual, the QOLIBRI data were
discarded if more than one-third of the items was missing (The Qolibri
Task Force), and the SCL-90-R data were discarded if more than 10 items
were missing (Arrindell & Ettema, 2005). For the PCRS and BDI-II, the
data were discarded when more than 25% of the items were missing. If for
any scale the amount of missing items was within the allowed range, the
total score of the scale was imputed by extrapolating the total score of the
items available ((total score/#completed items)∗total #items on scale).

With respect to patient characteristics, an investigation determined
whether or not there were significant differences between the awareness
groups on the baseline scores of the outcome measures (BDI-II, SCL-90-R,
and QOLIBRI) at T1. This investigation was performed using multiple
regression analyses with the awareness groups (overestimation, accurate esti-
mation, and underestimation) as the independent variables, and the outcome
measures scores at T1 as the dependent variables. The awareness groups were
dummy coded with the accurate awareness group as the reference group. For
each outcome measure, a separate analysis was performed. Age, gender, and
education were entered as the covariates.

Primary objective: Changes in awareness

Changes in awareness were operationalised as transfers from one aware-
ness group to another group between T1 and T2 (3 × 3 table). This approach
resulted in nine potential transfer groups (e.g., patients who underestimated at
T1 and T2; patients who underestimated at T1 who became accurate estima-
tors at T2; patients who underestimated at T1 and overestimated at T2).
Changes in awareness are described and visualised. To investigate the
changes in awareness, we would have preferred to use a statistical method
that could test within-group changes. Within-group changes are typically
tested with methods that calculate the difference score between two time
points (e.g., t-tests). However, because awareness was operationalised as a
discrepancy score (i.e., difference score), the results from these statistical
methods would not be interpretable because we would be interpreting the
difference of a difference.
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Secondary objective: Influence of changes in awareness on
outcome

Within each transfer group, the changes in outcome measures were exam-
ined to investigate the influence of the changes in deficit awareness on
depressive symptoms (BDI-II), psychological and physical dysfunction
(SCL-90-R), and HRQoL (QOLIBRI) between T1 and T2, as well as T2
and T3. The data for these previously described change groups were only
interpreted when groups consisted of five or more patients. Because not all
outcome measure scores were normally distributed in all groups at both
time points, Wilcoxon Signed Rank tests were performed to statistically
explore the changes in the outcome measures. From the standardised test stat-
istic, the effect size r was calculated. The following interpretation of the mag-
nitude of the effect was used: small effect r ¼ .1; medium effect r ¼ .3; large
effect r ¼ .5 (Cohen, 1992).

Results were considered significant if p , .05. For each analysis, the
assumptions for the test concerned were checked. All statistical analyses
were conducted using SPSS 20.0 for Mac OS X.

RESULTS

Patient characteristics and between-group differences at T1

Seventy-eight patients were included in the study. The demographic and
injury-related characteristics are presented in Table 1. Fourteen patients
(17.9%) underestimated their competencies, 44 patients (56.4%) accurately
estimated their competencies and 20 patients (25.6%) overestimated their
competencies. On the BDI-II, 13 (17.8%) of 73 patients for whom data
were available reported no or minimal depressive symptoms, 23 patients
(31.5%) reported mild symptoms, 23 patients (31.5%) reported moderate
symptoms and 14 patients (19.2%) reported severe depressive symptoms.

On the SCL-90-R, the patients in this sample reported a significantly
increased level of psychological and physical dysfunction (M ¼ 179.4, SD
¼ 50.9) compared with a Dutch norm sample of healthy individuals, M ¼
118.3, SD ¼ 32.4, t(2444) ¼ 7.6, p , .001 (Arrindell & Ettema, 2005). On
the QOLIBRI, the studied sample had a lower score (M ¼ 55.3, SD ¼ 10.7)
than a sample of individuals with TBI (M ¼ 64.6, SD ¼ 18.2; Truelle et al.,
2010); however, this difference was not significant, t(871) ¼ 21.6, p . .05.

The patients who underestimated their competencies on T1 had a signifi-
cantly increased BDI-II score compared with the patients who accurately esti-
mated their competencies (B ¼ 6.3, SE B ¼ 2.7, Beta ¼ .29, 95% CI 0.95–
11.7, p , .05, N ¼ 73, R2 ¼ .09). With regard to the SCL-90-R and the
QOLIBRI, no significant differences between groups were identified.
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For 38 of the 78 patients complete awareness assessments were available at
all three time points. Since not all patients completed the study it was
explored if there were any differences in the characteristics reported in
Table 1 between patients who had complete awareness assessments at all
three time-points (n ¼ 38) and patients who had complete awareness assess-
ments at T1 or at T1 and T2 (n ¼ 40). Only on the QOLIBRI was a difference
found. The group with complete assessments at all three time-points had a sig-
nificant higher score at T1 than the group of patients who did not complete the
study. There were no differences between the groups on the other character-
istics. Furthermore, at T1 five patients had incomplete BDI-II data, at T2 one
patient had incomplete QOLIBRI data, and at T3 one patient had incomplete
BDI-II data. Therefore these patients were excluded from analyses that
included the questionnaire for which data were incomplete.

Primary objective: Changes in awareness

At T2, 64 patient awareness assessments were available. The transfers in
groups between T1 and T2 are shown in Table 2. In four groups, there

TABLE 1
Sample characteristics at T1

Underestimation

(N ¼ 14)

Accurate

estimation

(N ¼ 44)

Overestimation

(N ¼ 20)

All

(N ¼ 78)

Frequency (%)

Male 9 (64.3) 21 (47.7) 15 (75) 45 (57.7)

Educational

level

Low 8 (57.1) 26 (59.1) 11 (55) 45 (57.7)

High 6 (42.9) 18 (40.9) 9 (45) 33 (42.3)

Type of brain

injury

TBI 4 (28.6) 24 (54.5) 7 (35) 35 (44.9)

Vascular 3 (21.4) 8 (18.2) 6 (30) 17 (21.8)

Tumour 1 (7.1) 5 (11.4) 4 (20) 10 (12.8)

Anoxia 3 (21.4) 1 (2.3) 1 (5) 5 (6.4)

Othera 3 (21.4) 6 (13.6) 2 (10) 11 (14.1)

Mean (SD)

Age in years 43.5 (11.5) 40.5 (12.3) 45.2 (13.3) 42.2 (12.5)

Years post-injury 6.2 (6.8) 7.6 (8.6) 7.4 (4.9) 7.3 (7.4)

PCRS discrepancy score 214.2 (5.7) 20.73 (6.8) 18.3 (7.2) 1.7 (12.8)

BDI-II 26.1 (10) 20.2 (8.1)

(n ¼ 40)

19.7 (8)

(n ¼ 19)

21.2 (8.7)

(n ¼ 73)

SCL90 203.7 (52) 182.5 (50.8) 155.7 (42) 179.4 (50.9)

QOLIBRI 50.5 (8.6) 55.2 (11.0) 58.9 (10.5) 55.3 (10.7)

aMultiple types (n ¼ 4), inflammation (n ¼ 2), intoxication (n ¼ 1), colloid cyst (n ¼ 1), damage

caused by radiation for non-Hodgkin lymphoma (n ¼ 1); epilepsy – status epilepticus (n ¼ 1) and

surgery (n ¼ 1).
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were more than five observations. These groups are described further. Of the
11 patients who underestimated their competencies at T1, nine accurately
estimated their competencies at T2 (Group 1, 82% of the underestimation
group at T1). Of the 39 patients who accurately estimated their competencies
at T1, 25 remained in this group at T2 (Group 2, 64% of the accurate esti-
mation group at T1). Ten of these 39 patients overestimated their competen-
cies at T2 (Group 3, 26% of the accurate estimators at T1). Of the 14 patients
who overestimated their competencies at T1, 10 also overestimated at T2
(Group 4, 71% of the overestimation group at T1).

In Figure 1, changes in the discrepancy PCRS scores are visualised. The
graph shows that the patients who overestimate their competencies and have

TABLE 2
Changes in awareness: Transfer from one awareness group to another between

T1 and T2

T2

TotalUnderestimation Accurate Overestimation

N (%) N (%) N (%) N

T1 Underestimation 1 (9) 9 (82) 1 (9) 11

Accurate 4 (10) 25 (64) 10 (26) 39

Overestimation 1 (7) 3 (21) 10 (71) 14

Total (N) 6 37 21 64

Figure 1. Pre-treatment (T1), post-treatment (T2) and one year follow-up (T3) PCRS discrepancy

scores per awareness group. Groups are based on T1 data. Group (n T1/n T2/n T3): Overestimation

(20/14/10); Accurate estimation (44/39/21); Underestimation (14/11/7).
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increased discrepancy scores at T1 continue to have increased discrepancy
scores at T2 and T3 compared with the patients who accurately estimated
their competencies at T1. Post-hoc analyses (multiple regression analysis
with group as the predictor and age, gender, and education as the covariates)
demonstrated that this difference in the discrepancy score between the patients
who overestimate and the patients who accurately estimate their competencies
at T1, T2 and T3, was significant. The discrepancy score at T1 of the underes-
timation group was significantly lower than the discrepancy score of the accu-
rate estimation group; however, the discrepancy score was no longer
significantly different at T2 and T3 between these two groups (data not shown).

Secondary objective: Influence of changes in awareness on
outcome

The results regarding the changes in awareness and the BDI-II, SCL-90-R,
and QOLIBRI between T1 and T2 are shown in Table 3. The results for
Group 1 (the patients who underestimate their competencies at T1 but accu-
rately estimate their competencies after INR), Group 2 (accurate estimators at
T1 who remain accurate estimators at T2), and Group 3 (accurate estimators
at T1 who overestimate at T2) demonstrated that the depressive symptoms
(BDI-II) and psychological and physical dysfunction (SCL-90-R) signifi-
cantly decreased in these groups, whereas the HRQoL (QOLIBRI)

TABLE 3
Influence of changes in awareness on BDI-II, SCL-90-R and QOLIBRI

Group N

Median (IQR; range)
Test

statistic Z

Effect

size rT1 T2

BDI-II 1 9 20 (13; 11–52) 11 (8; 0–18) 22.7∗∗ 2.64

2 22 16.5 (9.5; 7–43) 13.5 (13.5; 0–31.5) 23.2∗∗ 2.48

3 9 18 (12; 14–32) 9 (15; 0–21) 22.4∗ 2.57

4 9 15 (7; 8–30) 11 (5–30) 22.5∗ 2.60

SCL-90-R 1 9 166 (108; 116–272) 138 (46; 107–208) 22.5∗ 2.60

2 25 151 (72; 101–304) 132 (32; 98–253) 23.7∗∗∗ 2.52

3 10 176 (85.5; 140–255) 133.5 (46; 101–178) 22.7∗∗ 2.60

4 10 136 (51; 111–198) 130.5 (26; 103–182) 21.1 2.24

QOLIBRI 1 9 59.6 (16.7; 41.3–68.4) 71.9 (7.7; 62.1–90.3) 2.7∗∗ .64

2 25 66.3 (20.4; 40.2–81.6) 71.2 (17.4; 42.1–83.9) 2.6∗∗ .37

3 10 54.4 (16.5; 41.1–73.8) 76.6 (13; 54.2–82.4) 2.7∗∗ .60

4 9 67.9 (12.6; 48.4–90.9) 72.5 (12.2; 55.2–89.4) 1.2 .29

Group (1) underestimation T1—accurate estimation T2; (2) accurate estimation T1—accurate esti-

mation T2; (3) accurate estimation T1—overestimation T2; (4) overestimation T1—overestimation

T2.
∗p , .05; ∗∗p , .01; ∗∗∗p , .001.
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significantly increased. The strengths of the effects were the largest in Group
1 (rGroup 1 ¼ .6 to .64), followed by Group 3 (rGroup 3 ¼ .57 to .60), and
Group 2 (rGroup 2 ¼ .37 to .52). Group 4 (the patients who overestimate
their competencies at T1 and T2) exhibited a significant decrease in depress-
ive symptoms after INR, but no significant changes in psychological and
physical dysfunction or HRQoL.

Between T2 and T3, Groups 1 and 2 showed no significant changes in
outcome. Group 3 (N ¼ 6) exhibited a significant increase in depressive
symptoms (Median ¼ 21; IQR ¼ 10; Z ¼ 2.2; p , .05; r ¼ .63) and
in psychological and physical dysfunction (Median ¼ 168.5; IQR ¼ 63;
Z ¼ 2.2; p , .05; r ¼ .63) and a significant decrease in HRQoL (Median
¼ 61.5; IQR ¼ 26; Z ¼ 22.0; p , .05; r ¼ 2.57) between T2 and T3.
For Group 4, the differences in the scores on the BDI-II and QOLIBRI
between T2 and T3 were not tested (n , 5).

DISCUSSION

The primary objective of this study was to investigate changes in self-aware-
ness in outpatients with ABI who followed an intensive holistic treatment pro-
gramme. It was hypothesised that both patients who underestimated or
overestimated their competencies at the start of the programme would
exhibit more accurate estimations, i.e., would have better awareness of
their deficits, after treatment and one year later. However, this hypothesis
was rejected, since the INR programme appeared to be helpful for patients
who underestimated their competencies at the start of treatment, but not for
patients who overestimated. Most patients who overestimated at the start of
treatment continued to overestimate their competencies directly after treat-
ment. Only three of 14 patients in the overestimation group adopted a more
accurate view of their competencies post-treatment, and one patient
changed to the underestimation group.

The secondary goal of this study was to explore the effect of changes in
awareness on outcome measures. We hypothesised that patients who exhib-
ited improved awareness after treatment would benefit more from INR with
respect to depressive symptoms, psychological and physical dysfunction,
and HRQoL, than the patients who did not improve with respect to awareness
(i.e., the patients who continued to under- or overestimate competencies).
With respect to depressive symptoms, all investigated groups (i.e., underesti-
mation pre-treatment to accurate estimation post-treatment; accurate esti-
mation pre- and post-treatment; accurate estimation pre-treatment and
overestimation post-treatment; overestimation pre- and post-treatment)
reported significantly fewer symptoms post-treatment compared with pre-
treatment. The largest clinical effect was identified in the patients who

CHANGES IN IMPAIRED SELF-AWARENESS 127



underestimated their competencies pre-treatment and accurately estimated
them post-treatment, which is in line with our hypothesis. On average,
these patients changed from moderate to mild depressive symptoms. The
other groups, on average, changed from mild to minimal depression.

With regard to psychological and physical dysfunction and HRQoL, the
patients who underestimated their competencies at T1 and accurately esti-
mated their competencies at T2, and the patients who were in the accurate
estimation group at both time-points improved on these variables. These
improvements may have been influenced by a decrease in depressive symp-
toms because depressive symptoms significantly decreased in both groups.
However, we were unable to test this hypothesis because of the small
number of patients in the transfer groups. The patients who continued to
overestimate did not significantly improve regarding the psychological and
physical dysfunction and HRQoL measures. This finding suggests that per-
sistence in overestimation or impaired self-awareness hinders positive treat-
ment outcomes. It must be noted that on the SCL-90-R, the group of
patients who continued to overestimate their competencies had better
scores on these measures at T1 compared with the patients in the other
groups; thus, less improvement was possible.

A remarkable group of patients is those who accurately estimate their com-
petencies before treatment but overestimate them directly after. This finding
was unexpected, and further analysis of these 10 patients indicated that this
change was also maladaptive. One year after the INR programme, this
group of patients reported significantly more depressive symptoms and
psychological and physical dysfunction and lower HRQoL compared with
directly after treatment. Thus, the treatment effect weakened for this group,
whereas the other groups did not exhibit a significant increase or decrease
in the outcome measures between T2 and T3. This effect could be because
of overoptimistic ideas at the end of treatment and unrealistic expectations
of the treatment effects. If these expectations are not met, patients may be dis-
appointed, which may result in an increase in depressive feelings and a
decrease in HRQoL.

Although better awareness at the start of rehabilitation has been related to
more favourable rehabilitation outcomes (for an overview see Ownsworth &
Clare, 2006), in our study, however, outcome is not necessarily worse for
patients who have impaired self-awareness (i.e., overestimation). First, they
experienced fewer problems before the treatment compared with the other
groups. Second, the exploratory data indicate that for the patients who con-
tinue to overestimate their competencies, the observed treatment effect is
smaller or absent. Thus, they benefit less from treatment compared with the
patients in the other groups. This finding might be because of the persistent
nature of impaired self-awareness, which may result from neuronal dysfunc-
tion, because most patients who overestimate at the start of INR also
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overestimate at the end. A potential neurological correlate of impaired self-
awareness was recently studied by Ham et al. (2014). The authors of this
study demonstrated that neural activity in the fronto-parietal control
network (FPCN) was abnormal in patients with impaired self-awareness
after traumatic brain injury. The FPCN is involved in performance monitor-
ing, and dysfunction of this network might interfere with learning and adap-
tion, which consequently hinders rehabilitation and other treatment efforts
(Ham et al., 2014). This hypothesis fits our finding that patients with impaired
self-awareness (i.e., patients who continue to overestimate their competen-
cies) do not benefit from treatment as much as the other transfer groups. In
our data, information on neural activity in the FPCN is not available, but
we do recommend investigating this relationship further in future research
on awareness after brain injury.

In addition to its focus on increasing the awareness of deficits, the holistic
treatment approach is also targeted at reducing the indirect psychological
effects (e.g., frustration, anger, depression, shame, anxiety and distress) of
the brain injury (van Balen et al., 2002). This might explain why the INR pro-
gramme is most beneficial to patients who underestimate their competencies
at the start of treatment. Based on our clinical impressions, underestimation is
most likely a psychological reaction in the chronic phase after brain injury.
Patients with ABI are confronted with failure, and over time, they may con-
tinue to avoid specific situations because they are anxious about failing again.
Patients may even begin to avoid things they can do and underestimate their
competencies (see also the fear avoidance model in relation to chronic pain by
Vlaeyen & Linton, 2000). In holistic treatment programmes therapists try to
break this vicious circle, and this might explain the improvements identified
in this study in the patients who underestimate their competencies at pre-treat-
ment but accurately estimate their competencies post-treatment.

Strengths and limitations

One of the unique aspects of this research is that it is the first longitudinal
group study that investigates changes in awareness deficits and the effects
these changes in awareness have on other outcomes from the perspective of
three awareness groups: underestimation, overestimation and accurate esti-
mation of competencies. However, the study is not a legitimate effect study
because of the absence of a control condition. Thus, we cannot prove that
this specific treatment programme induced the changes in awareness. Further-
more, although this study had a fairly large sample size (N ¼ 78), because we
divided the sample into groups, and lost participants to follow-up, the sample
size of the transfer groups was small. Therefore, the statistical power is low,
and the results should be considered exploratory. Nevertheless, this study
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provides exploratory evidence for specific changes in awareness and the
effects these changes have on outcome.

In addition, by using the ratings of SOs on the PCRS as reference, we
assume that SOs have full awareness and rate the patients’ behaviour reliably.
However, this might not always be the case and could have led to potential
bias. Nevertheless, it is not uncommon to use SOs in awareness research
using discrepancy methods (see, for instance, McBrinn et al., 2008; Prigatano
& Altman, 1990). Also, the PCRS is only one method to measure awareness,
and other sources can be used (for an overview see Smeets et al., 2012).
However, the PCRS is one of the recommended instruments based on its psy-
chometric properties which is essential for use in research (Smeets et al.,
2012).

Clinical implications

The results indicate that the intensive holistic neurorehabilitation programme
may have been especially helpful for the patients who underestimated their
competencies at the start of treatment. In general, this small group of patients
became more accurate estimators of their competencies, and this change also
positively influenced changes in depressive symptoms, physical and psycho-
logical dysfunction, and HRQoL. This group also had the most to gain,
especially with respect to depressive symptoms, because they had the worst
scores at the start of treatment. We do acknowledge, however, that these con-
clusions are based on only a small sample size.

Furthermore, patients who overestimated at the start of treatment profited
the least from the programme with respect to changes in awareness and other
outcome measures. Although improvements in self-awareness is one goal of
INR and other holistic neurorehabilitation programmes (Ben-Yishay, 2000), a
more intensive and specific intervention technique that is not part of a broader
treatment programme may be required to improve true impairments in self-
awareness (Schrijnemaekers et al., 2013).

CONCLUSION

This study demonstrated that even in the chronic phase after injury, awareness
regarding competencies could change in patients with ABI, especially for
patients who underestimate their competencies at the start of treatment. In
general, patients with impaired self-awareness (i.e., overestimation of compe-
tencies) at the start of treatment continue to overestimate their competencies
after the treatment. The results also demonstrate that changes in awareness
during treatment influenced treatment outcome. Again, patients who underes-
timated before treatment and were accurate estimators after treatment exhib-
ited greater improvements in the investigated outcome measures, whereas
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patients with persistent impaired self-awareness did not exhibit improvements
on all outcome measures. However, these are exploratory results, and further
research is necessary to confirm these findings. Nevertheless, these findings
underline the importance of taking into account different awareness groups
with respect to treatment effects.
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