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Objective To examine the frequency and timing of inpatient engagement in meaningful activities within
rehabilitation (within and outside of structured therapy times) and determine the associations between activity
type, goal awareness, and patient affect.
Methods This prospective observational study performed behavioral mapping in a 42-bed inpatient brain injury
rehabilitation unit by recording patient activity every 15 minutes (total 42 hours). The participants were randomly
selected rehabilitation inpatients with acquired brain injury; all completed the study. The main outcome measures
included patient demographics, observation of activity, participation, goal awareness, and affect.
Results The inpatients spent 61% of the therapeutic day (8:30 to 16:30) in their single room and were alone 49%
of the time. They were physically socially inactive for 76% and 74% of their awake time, respectively, with neutral
affect observed for about half of this time. Goal-related activities were recorded for only 25% of the inpatients’
awake time. The odds of physical activity were 10.3-fold higher among in patients receiving support to address
their goals within their rehabilitation program (odds ratio=10.3; 95% confidence interval, 5.02–21.16).
Conclusion Inpatients in a mixed brain injury rehabilitation unit spent a large amount of their awake hours
inactive and only participated in goal-related activities for a quarter of their awake time. Rehabilitation models
that increase opportunities for physical, cognitive, and social activities outside of allied health sessions are
recommended to increase overall activity levels during inpatient rehabilitation.
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INTRODUCTION
Acquired brain injury (ABI) is a major public health issue and a leading cause of disability [1]. Clinical practice
guidelines emphasize the importance of goal-directed
rehabilitation and maximizing the amount of active
therapy to address set goals [2,3]. The Royal Australian
College of Physician Standards for Provision of Inpatient
Adult Rehabilitation Medicine Services recommend that
the appropriate amount of therapy that patients receive
will range from a minimum of 3 hours for patients who
have the capacity to tolerate this amount of therapy,
down to lesser amounts, based on patient need and capacity to participate [4]. Despite these recommendations,
inpatient rehabilitation units have historically struggled
to meet activity targets. In addition to structured therapy
time, engagement in meaningful activities is also an important aspect of patient recovery and well-being. The
National Institute for Health and Care Excellence (NICE)
Quality Statement defines meaningful activity as including physical, social, and leisure activities that are tailored
to the person’s needs and preferences [5]. Therefore,
complete activity content cannot be considered as structured therapy time alone, as there are opportunities for
engagement across all waking hours.
A 2012 review of hospitalized stroke patients [6] found
that they spent most of their day inactive (median 48.1%),
alone (median 53.7%), and in their bedroom (median
56.5%). Similarly, a 2004 study [7] observed that stroke
patients spent >50% of the therapeutic day in bed, 28%
sitting out of bed, and >60% alone. Inactivity is not
unique to stroke patients; the literature [8] also indicates
that hospitalized general medical patients spend 88% of
their therapeutic day in their rooms, 25% doing nothing,
and an additional 17% watching television. A 2014 observational study [9] with behavior mapping of a 20-bed
mixed rehabilitation unit sought to determine whether
rehabilitation had improved over the previous decade
and to understand if levels of inactivity differed between
weekdays and weekends, and reported that rehabilitation
inpatients remain inactive and alone, and were 5% less
physically active on weekends [9].
While all these studies have reported low levels of
physical and cognitive activity in rehabilitation settings
[6-9] it remains unknown whether these findings are
comparable in the younger, brain injury population,
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where patient goals are likely to differ. Additionally, the
relationships between patient activity in rehabilitation,
goals set, and patient affect have not yet been investigated. The goals pursued in rehabilitation and the levels
of patient involvement and empowerment influence rehabilitation outcomes [10]. Therefore, this study aimed
to explore how frequently ABI rehabilitation inpatients
engaged (participated) in meaningful activities, whether
there was a difference in participation in activity levels
on weekdays versus weekends, and whether there was a
relationship between levels of activity, goal engagement,
and patient affect.

MATERIALS AND METHODS
Study design
This prospective observational study was conducted
using behavioral mapping techniques. To obtain an estimate of patient activity, behavior was audited at 15-minute intervals over 34 consecutive hours (capturing two
weekdays, commencing at 7:00 on day 1 and concluding
at 17:00 on day 2). Weekend days were also observed for
4 hours each day (a total of 8 hours of weekend observations). This produced 42 hours of observed behavior and
>1,500 observation points across all participants. The
study received institutional ethics approval from Alfred
Health (Alfred 355/14). All procedures were performed
in accordance with ethical standards, including written
informed consent.
Study participants
The study sample included nine rehabilitation patients
with non-progressive acquired brain impairments who
were inpatients in a statewide brain injury unit, selected
at random using Excel program. All inpatients with a
diagnosis of non-progressive acquired injury at the time
of auditing were eligible for inclusion. Patients in a posttraumatic amnesic or minimally conscious state were
excluded from this study.
The rehabilitation unit environment included singlepatient rooms (each with its own ensuite), therapy spaces
and gym, communal dining spaces, secure outdoor areas, and family lounge areas within the ward. The ensuite
bathrooms were not observed for privacy reasons; however, patient self-reports of activities undertaken within
that space were recorded. For all other spaces, observa-
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tion data were recorded without interference from the
patients under observation.
Procedures and observational measures
Behavioral mapping [11] was used to observe patient
participation in meaningful activities and record by location and time. Meaningful activity included “physical,
social, and leisure activities that are tailored to a person’s
needs and preferences [5]. Inactivity was, therefore,
defined as the absence of any of these activities. Participation is conceptually defined as “involvement in a
life situation [12]. In this study, the operational definition of participation included patient attendance and
involvement in a given activity [13]. Time was broadly
categorized into that in which therapy was routinely delivered (referred to as the therapeutic day, between 8:30
and 16:30) and non-therapy time, which was defined as
the hours outside of hours of the therapeutic day. Awake
time was recorded by direct observation of the patient
being awake, rather than a defined period, and included
both day and night times, which were aggregated. Data
were collected by five independent observers over a consecutive 34-hour observation period, working in shifts of
5–8 hours before rotating. A single observer completed
the observations on weekend days. The collected data included baseline demographics and observation of activity type (physical, cognitive, and social), participation in
activity type, whether participation was directed toward
patient-stated goals, and patient affect.
The observation record sheet listed options under their
respective domains; for example, under the domain “location, a list of nine locations was provided, including
ward space, gym area, patient’s room, and other. The observational data were recorded as binary yes/no. In this
location domain example, a patient observed in the gym
area would be marked as yes on the audit datasheet. The
observational recordings included the domains and options of:
. Location (own room, ward space, day room, therapy/
gym, dining, amenities, outside within grounds, outside external to grounds, external leave, other/medical)
. People present (alone, other patient, visitors, allied
health, nursing, medical, patient support, etc.)
. Clothing (pyjamas, day clothes, no clothes) and footwear (barefoot, socks, slippers, sports shoes, etc.)

. Awake activity (physical, cognitive, social) or asleep
. Equipment (aids, leisure)
. Goad-directed participation; actively and intentionally
working on rehabilitation goal(s)?
. Observed affect (Affect Rating Scale [ARS])
Affect relates to the patient’s experience of feeling,
emotion, or mood, and was recorded using the modified
Philadelphia Geriatric Centre positive and negative ARS
[14]. This validated and reliable observational instrument
is used to measure positive and negative affects [9]. Consistent with prior audit studies, the ARS was adapted to
include a “neutral affect category in addition to the original three positive descriptors (pleasure, interest, contentment) and three negative descriptors (anger, anxiety,
sadness) [15].
Observations were carried out every 15 minutes by dedicated research assistants and electronically documented
following each observation period. If the patient was not
located, not observed was recorded.
Statistical analysis
The baseline characteristics of the observed inpatients
are described without the use of statistics, given the
small sample size. A total of 1,550 observations was made
across all nine inpatients (range, 164–180 observations
per patient). Multivariate binary logistic analysis using
generalized estimating equation (GEE) models were used
to investigate the associations between the considered
exposure and outcome variables of the repeated measurements. The outcome variables for the study were
binary variables (activity, yes or no). For each potential
association, a GEE model was used to calculate the odds
ratios (ORs) with logit link function and exchangeable
correlation structure controlling for age, sex, injury type,
and mobility at the time of the audit. Statistical significance was set at a two-sided p-value of <0.05. Analyses
were performed using SAS version 9.3 (SAS Institute Inc.,
Cary, NC, USA) [16].

RESULTS
Nine inpatients (33% female) aged 25–59 years (mean,
40 years) participated in the study. Five participants were
diagnosed with non-traumatic brain hemorrhage (one
with a dual diagnosis of encephalitis), and four were diagnosed with traumatic brain injury. Two participants
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walked unaided at the time of the audit, two used a
wheeled walking frame, four used a wheelchair independently, and one was non-ambulant (required attendantpropelled wheelchair). Table 1 compares the participants’
characteristics to all inpatients admitted to the same
ward over the preceding 12 months for reference.
Over the 42 hours of observation, a minimum of 164
individual observations per participant were recorded
(median number of observations, 171), producing a total
of 1,550 data points.
Between 08:30 and 16:30 (therapeutic day), patients
spent 29% of their time with allied health therapists, 62%
of the time in their single rooms, and 49% of their time
alone. These proportions were very similar among patient locations during awake time and on both weekdays
and weekend days. Patients were physically and socially
inactive 76% and 74% of their awake time (i.e., excluding sleep time), respectively. Organized activities such as
communal dining and group therapy programs increased
both physical and social activity levels in patients who
participated. Patients were only actively participating in
activities related to their rehabilitation goals for 25% of
their awake time and 36% of the therapeutic day, with
80% of the time spent by an allied health therapist on

goal-related activities.
The correlations between activity type, participation,
and people present, activity location, and day of the
week (weekend versus weekday) are shown in Table 2.
The presence of visitors and nursing staff significantly
increased the odds of participating in physical and social
activities, as observed from the role they played for some
participants in supporting self-practice therapy programs
prescribed by allied health therapists.
Physical activity levels
The proportion of time spent engaged in physical activity did not differ between weekend and weekdays
(OR=1.92; 95% confidence interval [CI], 0.88–4.19;
p=0.1002). Being alone was associated with less physical activity (OR=0.09; 95% CI, 0.05–0.17; p<0.0001), while
the presence of a nurse (OR=3.92; 95% CI, 2.54–6.05;
p<0.0001), visitor (OR=5.87; 95% CI, 2.21–15.5; p<0.0001),
allied health therapist (OR=15.3; 95% CI, 9.06–25.73;
p<0.0001), or patient support (OR=4.04; 95% CI, 1.22–
13.37; p=0.0224) was associated with a higher probability
of engaging in a physical activity task. In contrast, the
presence of rehabilitation physicians was not associated
with any changes in patient participation (OR=0.58; 95%

Table 1. Characteristics of the participants compared to the ward population
Characteristic
Age (yr)
Sex, male
Admission FIM motor score
Admission FIM cognition score
Acquired brain injury type
TBI
Non-traumatic hemorrhage
Other
ABI severitya) (lowest GCS)
Time from injury to first observation in weeks
Time from rehabilitation admission to first observation (wk)
Behavioral support plan (number with plan)
Mobility status at the time of audit (FIM walk item)
Compensation status (number compensable)

Study participants
(n=9)
40±10
6 (67)
27.4±24.7
15.3±8.9
3 (33)
5 (56)
1 (11)
25 (37)b)
14±10
6 (67)
5.3 (1.8)
1 (11)

Ward population (2015–2016)
(n=190)
44±17
134 (71)
41.9±25.9
14.3±8.4
139 (73)
72 (38)
46 (24)
84.6
56 (29)

Values are presented as mean±standard deviation or number (%).
FIM, Functional Independence Measure; TBI, traumatic brain injury; ABI, acquired brain injury; GCS, Glasgow Coma
Scale.
a)
Patients with TBI, b)the number in parentheses indicates interquartile range.
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0.05–0.17
2.54–6.05
2.21–15.54
9.06–25.73
0.04–9.66
1.22–13.37
0.02–0.49
0.0052
7.30–548.18 0.0002
11.82–41.67 <0.0001
36.85–92.44 <0.0001
0.59–12.69
0.2011
0.88–4.19
0.1002

0.09
3.92
5.87
15.27
0.58
4.04
0.09
63.25
22.19
58.37
2.73
1.92

<0.0001
<0.0001
<0.0001
<0.0001
0.7070
0.0224
0.22
3.12
4.41
2.59
2.61
1.56

0.03
4.81
5.91
10.11
2.30
1.95
0.16–0.29
1.86–5.23
2.77–7.04
1.67–4.01
1.49–4.59
1.14–2.13

0.02–0.05
3.26–7.12
3.90–8.96
7.19–14.2
0.20–26.47
0.71–5.37
<0.0001
<0.0001
<0.0001
<0.0001
0.0008
0.0055

<0.0001
<0.0001
<0.0001
<0.0001
0.5031
0.1944

0.88
0.48
1.11
4.07
0.79
1.91

0.61
0.74
1.65
2.28
0
2.37

0.26–3.02
0.15–1.51
0.67–1.83
2.65–6.23
0.18–3.38
0.79–4.62

0.39–0.96
0.31–1.75
1.11–2.44
0.78–6.65
1.62–3.48

0.8427
0.2077
0.6956
<0.0001
0.7488
0.1508

0.0327
0.4953
0.0124
0.1323
<0.0001

Participation in physical activity
Participation in social activity
Participation in cognitive activityb)
OR (yes vs. no)a) 95% CI
p-value OR (yes vs. no)a) 95% CI
p-value OR (yes vs. no)a)
95%CI
p-value

a)

OR, odds ratio; CI, confidence interval.
Calculated by multivariable generalized estimating equation (GEE) models controlling for age, sex, injury type, and mobility at the time of the audit.
b)
The coefficient for exposure in the GEE model is -18.53, corresponding to an OR = exp(-18.53)≈0. The confidence interval cannot be calculated using
the GEE model because the generalized Hessian matrix is not positive definite because of the large number of zero cells [16].

People present
Alone
Nurse
Visitors
Allied health
Medical doctor
Patient support
Location
Own room
Ward space
Therapy gym
Dining room
Outside, within grounds
Weekend

Exposure

Table 2. Associations between participation according to the type of activity and people present, location, and weekdays
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CI, 0.05–6.68; p=0.6653). Patient location appeared to influence physical activity levels. Patient time spent in the
ward space (OR=63.25; 95% CI, 7.30–548.18; p=0.0002),
therapy gym (OR=22.19; 95% CI, 11.82–41.67; p<0.0001),
or the dining room (OR=58.37; 95% CI, 36.85–92.44;
p<0.0001) was associated with a higher probability of
physical activity, while patient time spent in their room
was associated with a higher probability of less physical
activity (OR=0.09; 95% CI, 0.02–0.49; p=0.0052). Surprisingly, patients outside but within the hospital grounds
were not associated with higher physical activity levels
(OR=2.73; 95% CI, 0.59–12.69; p=0.2011).
Social activity levels
We investigated patient contact with others to understand its effects on social activity levels. As predicted,
being alone was associated with less social activity
(OR=0.03; 95% CI, 0.02–0.05; p<0.0001), while the presence of visitors (OR=5.91; 95% CI, 3.90–8.96; p<0.0001)
or a nurse (OR=4.81; 95% CI, 3.26–7.12; p<0.0001) were
associated with higher probabilities of social activity. The presence of neither rehabilitation physicians
(OR=2.3; 95% CI, 0.2–26.47; p=0.5031) nor patient support (OR=1.95; 95% CI, 0.71–537; p=0.1944) increased the
level of social activity. Similar to the amount of physical
activity, patient time spent in the ward space (OR=3.12;
95% CI, 1.86–5.23; p<0.0001), therapy gym (OR=4.41; 95%
CI, 2.77–7.04; p<0.0001), dining room (OR=2.59; 95% CI,
1.67–4.01; p<0.0001), and outside within the grounds
(OR=2.61; 95% CI, 1.49–4.59; p=0.0008) was associated
with a higher probability of social activity, while patient
time spent in their room was associated with less social

activity (OR=0.22; 95% CI, 0.16–0.29; p<0.0001). Unlike
our findings for physical activity, we observed a higher
probability of participating in a social activity task on
weekend versus weekdays (OR=1.56; 95% CI, 1.14–2.13;
p=0.0055).
Cognitive activity levels
Patient time spent alone (OR=0.61; 95% CI, 0.39–0.96;
p=0.0327) was associated with less cognitive activity.
The presence of visitors (OR=1.65; 95% CI, 1.11–2.44;
p=0.0124) and time spent in dining rooms (OR=4.07;
95% CI, 2.65–6.23; p<0.0001) were associated with higher
probabilities of participating in a cognitive activity.
Participation in any activity was greatest when the patient was in the presence of a nurse, visitors, or allied
health, and outside of their room. The highest probability
of goal-directed participation was observed in the therapy gym and the presence of allied health. Conversely,
being alone or in their room was associated with less participation in any activity. Overall, physical (OR=10.3; 95%
CI, 5.02–21.16) and social (OR=5.17; 95% CI, 2.63–10.17)
activity levels were higher in those patients who were
observed to participate in activities related to the goals
within their rehabilitation programs (Table 3).
Recording and mapping of patient affect showed that
an overall neutral affect was observed 47% of the time,
with pleasure, interest, or contentment only evident 35%
of the total time. These ratings were comparable between
the total awake and therapy time observations (Table 4).

Table 3. Odds ratios of goal activity per outcome variable
Outcome variable
Therapeutic hours
All physical activity
All cognitive activity
All social activity

a)

OR (yes vs. no)
5.34
10.30
2.74
5.17

Goal-directed participation
95% CI
2.57–11.08
5.02–21.16
1.21–6.22
2.63–10.17

p-value
<0.0001
<0.0001
0.016
<0.0001

OR, odds ratio; CI, confidence interval.
OR and p-values were calculated by four generalized estimating equation (GEE) models. The outcome variables were
therapeutic hours, all physical activity, all cognitive activity, and all social activity. For each GEE model, the covariates
were goal-directed participation, age, sex, injury type, and mobility at the time of audit.
a)
For patients actively working on a goal-related activity, the OR of the activity per outcome variable was compared to
patients not working on a goal-related activity.
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Table 4. Observed affects during awake time and therapeutic day
Observed affect (experience of feeling, emotion, or mood)
Pleasure

Smiling, laughing, stroking, nodding, singing, arm or hand
outstretched, open arm gesture
Anger
Clenched teeth, grimace, shouting, berating, physical aggression
Anxiety
Furrowed brow, motor restlessness, repeated agitated motions, facial expressions of fear or worry, sigh, withdrawal
from others tremor, tight facial muscles, calling repetitively
Neutral
No observable affect
Depression/sadness Crying/tears, moaning, mouth turned down
Interest
Eyes following object, intent fixation on object or person,
visual scanning, facial motor or verbal feedback, eye contact maintained, body or vocal response to music, gaze,
body turning or movement towards a person or object on
interest.
Contentment
Comfortable posture, sitting or lying down, smooth facial
muscles, lack of tension in limbs or neck, slow movements, relaxed body stance, lightening of frown or worry
line

Recorded observations
Awake time
Therapeutic day
(n=921)
(n=927)
64 (7)
56 (6)
0 (0)

0 (0)

28 (3)

28 (3)

497 (54)
0 (0)
193 (21)

436 (47)
0 (0)
158 (17)

120 (13)

112 (12)

Values are presented as number (%).

DISCUSSION
Consistent with the stroke literature, a comparative
sample of inpatients in the ABI rehabilitation ward spent
most of the day inactive and alone in their rooms. While
this finding is not new, it is interesting to note that this
significantly younger ABI sample (mean age, 40 years) did
not demonstrate increased overall activity levels compared to those in the older stroke rehabilitation cohort
(mean age, 78 years) observed in previous literature [9].
This study additionally correlated spaces and presence of
staff, noting that participation was greatest in presence of
a nurse, visitor, or allied health team member, and when
the participants were outside of their rooms. Observations of solitude and inactivity were consistent between
hours within and outside of the therapeutic day, as well
as weekdays and weekend days, suggesting that higher
staffing levels alone (weekdays during the therapeutic
day) did not appear to increase patient engagement levels. These novel and important findings could be used
to improve patient activity, with directed staff efforts focused on individualized activity targets.
Nurses could be targeted as leaders of initiatives to

increase patient activity and participation within rehabilitation units. Nursing staff are in a prime position to
practice learned therapy strategies, embed strategies
into patients’ daily routines, and encourage patient independence. Theofanis [17] described the importance
of nursing engagement beyond the standard paradigm
of routine interventions, encouraging a focus on “the
wider essential care aspects to enable faster and more
complete recovery. This study echoes earlier research
[18] reporting the value of nursing input on brain injury
recovery. We also found limited patient engagement in
activities outside of regular therapeutic hours. Consistent
with previous studies on rehabilitation [7], these findings suggested the need for changes at an organizational
level to increase levels of participation in rehabilitation.
The engagement of nursing staff in co-treatment sessions
with allied health, working parties, and post-graduate
and point-of-care education strategies may be essential
for increasing inpatient activity towards clinical guideline
recommendations.
Our findings emphasize the importance of rehabilitation. Social activity was higher when the patients were
involved in communal dining, while physical activity was
www.e-arm.org
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higher when visitors were involved in the rehabilitation
programs and nursing staff carried over therapy programs
outside of therapy sessions. Social activity levels were
also higher when the participants were outside, indicating that the entire rehabilitation environment should be
considered when seeking opportunities to increase activity levels. Strategies such as increasing environmental opportunities for independent or semi-supervised patient
practice may also be valuable. An accessible outdoor
garden, kitchen, independent practice gym, and welcoming spaces for socializing, as well as providing family skill
training and education may allow patients to participate
in rehabilitation activities outside of therapeutic hours.
Around-the-clock engagement and encouragement
from within a service may also impact patient affect. The
patients in the present study rarely displayed a positive
effect: reduced activity levels may have influenced their
affect, which may have further decreased their motivation to participate. Thus, changing service delivery may
have far-reaching consequences. Increasing accessible
and appropriately goal-focused activities should be a target during inpatient rehabilitation for patients of all ages.
Our findings reinforce the importance of the whole environment, as well as strategies such as communal dining
and family engagement. The regular provision of practice
tasks by allied health may encourage increased patient
activity outside of therapeutic day; however, this passive
activity should be coupled with education and encouragement and allied health should be optimally placed
to ensure that family and caregivers can facilitate afterhours therapy. The findings revealed the lowest activity
levels in the presence of medical staff, highlighting the
lack of physician involvement in promoting engagement.
Medical focus on patient activity is crucial and suggests
an opportunity to coordinate and plan active and personcentered interventions. While around-the-clock nursing
shifts provide regular occasions for nurses to play a pivotal role in increasing activity out of hours, all clinicians
must seek to change the culture to increase opportunities
for additional therapy.
This study had several limitations. While this study observed only nine inpatients, the large number of continuous observations (>1,500) increased the robustness of the
findings. The repeated-measures methodology simultaneously increased the statistical power and reduced the
costs of the study [19]. However, the observational design
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led to inherent sources of error. With overt observation,
it is plausible that both clinicians and patients could alter their behaviors. We do not believe this to have been
the case, as previous audit studies have reported similar
results. To mitigate this potential Hawthorne effect, we
used a large number of continuous observations and a
34-hour continuous observation period; however, this
potential limitation must be acknowledged.
In conclusion, while a substantial body of knowledge
exists regarding how much rehabilitation is needed to
improve outcomes [20], audit results indicate that clinicians continue to struggle to meet these clinical practice
guidelines. The findings of this study demonstrate the
need for enhanced engagement in meaningful activities
outside of prescribed allied health hours. An increased
focus on enhancing opportunities for engagement in
meaningful activities is required for rehabilitation. The
findings of this study also underscore the need for a collective effort to implement models of rehabilitation that
maximize physical, cognitive, and social activities to enhance meaningful participation after ABI.
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