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The impacts of the physical environment of inpatient rehabilitation settings on 

outcomes and experiences of patients recovering from stroke, their family/carers, and 

staff: a mixed methods systematic review protocol 
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1. Background  

Research-driven architecture or evidence-based design is a new field of endeavor that aims to 
inform health facility design. To date, the focus of research has been on hyper acute 
(Intensive Care Unit, surgery) environments [1], with some attention paid to institutional care 
for older people [2] and mental health facilitates [3]. Between these disparate sectors lies an 
important and expensive area of healthcare: that of hospital-based rehabilitation. 
Rehabilitation, particularly for those with acquired neurological injury, traumatic brain injury 
or stroke, is slow and expensive.  
 
Research-driven or evidence informed design refers to the act of creating healthcare 
environments based on the judicious use of best evidence from research and practice together 
with an informed client’s view. Evidence-based design results in improvements in patient 
outcomes and safety, economic performance and productivity of the organization, and user 
satisfaction [4]. Evidence-based design has driven an exciting new era of questioning how 
healthcare design (the buildings, interiors, wayfinding, etc.) impacts on patient care and 
healthcare outcomes. To date, most research has explored the effect of the acute healthcare 
environment on patient and staff outcomes. While the evidence base is growing, empirical 
research in healthcare environments has been described as minimal [5].  
 
In the last decade, primary care hospital design has been the focus for innovation [6]. In the 
US alone, over the next decade over $200 billion will be spent on the development of new 
healthcare facilities [7]. In Australia, the new Royal Adelaide Hospital has been named the 
eighth most expensive building in the world at US$2.1 billion [https://www.emporis.com]. In 
contrast, the post-acute rehabilitation environment has received little attention and research 
focus, despite the fact that rehabilitation care is expensive and a critical element of the 
recovery trajectory after serious injury.  
 
Survivors of stroke may spend between 2 weeks and 2 or more months in hospital-based 
inpatient rehabilitation (mean 27.7 days for stroke and 39.2 days for brain injury) [8]. In 
2016, the provision of rehabilitation grew in volume as there was a 2.8% increase in inpatient 
episodes of rehabilitation [8]. Rehabilitation often continues for months to years with gradual 
shift from hospital-based to outpatient care to community care. The environment is an 
important element that has the potential to help or harm brain recovery [9]. In 2011, Sadler et 
al conservatively calculated the economic benefits of introducing evidence-based design 
improvement in healthcare facility design as providing a return on investment within 3 years 
[5].   
 
A major challenge of providing stroke care and rehabilitation is to determine how the 
physical environment should be designed and utilized to best address specific patient needs 
and rehabilitation goals.  

2. Aim 
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The aim of this systematic review is to identify, appraise, and synthesize the existing 
literature related to evidence-based design (EBD) of rehabilitation facilities, and identify the 
recorded impacts of the physical environment of rehabilitation settings on the outcomes and 
experiences of patients recovering from stroke, their family/carers, and staff. 

Overarching research question 

What is the current state of knowledge about evidence-based design in the stroke 
rehabilitation setting? 

Specifically this review will address the following research questions  

• What types of outcomes have been investigated in relation to the physical environment 

in the stroke rehabilitation setting? 

• What are the impacts of the physical rehabilitation environment on the outcomes and 

experiences of patients recovering from stroke, their family/carers, and staff? 

• What aspects of the physical environment has shown to impact on outcomes and 

experiences of patients recovering from stroke, their family/carers, and staff? 

• What are the research methods used to investigate the impact of the physical 

environment on outcomes and experiences of patient recovering from stroke, their 

family/carers, and staff? 

3. Method 

This mixed studies systematic literature review will follow the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement [10]. A convergent segregated 
review design will be used whereby the results from qualitative, quantitative, and mixed-
methods studies were integrated in a narrative summary [11]. 
 
This mixed studies review applies a systematic strategy for identifying, retrieving, assessing, 
and appraising the available literature reporting on the impacts of the physical environment 
in the stroke rehabilitation setting. The review will consider a range of research designs 
including qualitative, quantitative and mixed-method studies in order to report 
comprehensively on the topic. The data synthesis will use descriptive statistics and qualitative 
content analysis [12] as appropriate to the type of data retrieved. An inter-rater reliability 
process [13] will be included in the search and retrieval stages whereby the processes will be 
performed by two researchers and any ambiguity or disagreement about the inclusion or 
exclusion of articles will be discussed until agreement is reached. 

3.1. Search Strategy  

Search terms will be reviewed by a professional research librarian. A systematic search of the 
following electronic databases will be conducted: OVID Medline, SCOPUS, Cumulative 
Index to Nursing and Allied Health Literature (CINAHL), and Web of Science. The two key 
concepts “Stroke” and “Healthcare facility design” will determine the search terms used (see 
Table 1). Boolean searches using the operators “AND” / “OR” / ”NOT” will be constructed 
with selected search terms and combination of search terms as appropriate for each database 
following respective guidelines. Figure 1 shows an example of the OVID Medline Boolean 
search strategy. Any additional, search terms identified during the screening process will be 
added as appropriate. The reference lists of key articles will be additionally hand-searched 
(“snowballing”). Two researchers will perform the searches. 
 

Table 1 Search terms  
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Key concept  Search terms  

Stroke  • Stroke or neurologic* or brain injur* or brain recovery or Stroke 

Rehabilitation or brain injur* rehabilitation or stroke recovery or 

neurologic* rehabilitation or brain injur* recovery 

Healthcare 
facility design 

facility or facilities or environment* or rehabilitation environment* or 
rehabilitation setting* or buil* design or architecture* or evidence-based 
design or garden* or hospital design or outdoor setting or outdoor 
environment or interior design or environment* factor* or physical 
environment or built environment or  

 
 

Database: Ovid MEDLINE(R) ALL <1946 to July 29, 2019>  
Search Strategy: 
-------------------------------------------------------------------------------- 
1     (("environment* factor*" or "physical environment*" or "built environment*" or 
facility or facilities or architecture* or "evidence-based design" or garden* or "outdoor 
setting*" or "outdoor environment*" or "facilit* design*" or "hospital design" or "interior 
design") not "nursing facilit*").m_titl. (53548) 
2     ((stroke or neurologic* or "brain injur*" or "brain recovery" or "stroke rehabilitation" 
or "neurologic* rehabilitation" or "brain injur* rehabilitation" or "stroke recovery" or 
"neurologic* recovery" or "brain injur* recovery") not gene* not robot* not pharmacol* 
not non-pharmacol* not delirium not ulcer* not pollution not syndrome* not wildlife not 
dementia not sepsis not pneumonia not "spinal cord injur*" not mouse* not rat* not 
"animal model*" not ventilat* not transfer not multidrug* not drug* not malnutrition* not 
cardi* not kidney not fracture* not thrombolys* not "aged care" not "nursing home" not 
Parkinson* not fibrillat* not tomograph* not ecology* not incontinen* not continen* not 
urin* not ultrasound not geograph* not treadmill not "muscle architecture" not "sleep 
architecture" not "clot architecture" not "pagodian architecture" not "brain architecture" not 
influenza not payment not "systematic review" not "meta-synthesis" not "meta-analysis" 
not "methicillin*").m_titl. (133295) 
3     1 and 2 (123) 
4     limit 3 to (english language and yr="2000 - 2020") (90) 
 
*************************** 

Figure 1 OVID Medline Boolean search strategy 
 
3.2. Inclusion criteria  

The inclusion criteria are outlined in Table 2. Research addressing any aspect of the physical 
environment in inpatient rehabilitation settings and its impact on the outcomes or experiences 
of adult patients recovering from stroke or their family/carers or staff will be considered for 
inclusion, as long as sufficient detail is provided about the physical environment (see Table 2).  
 

Table 2 Included articles must meet all the below criteria. 

Inclusion criteria 

1. Peer-reviewed 

2. Published between 2000 and 2020  

3. Written in English language 
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4. Quantitative, qualitative or mixed method research design. Protocol papers will only be 

included if the study results have not yet been published. Opinion pieces, commentaries, 

single case studies, and systematic reviews with no meta-analysis or meta-synthesis will 

not be included, but will be searched for relevant references (snowballing). 

5. Journal article or conference paper. Conference posters and conference abstracts will not 

be included. 

6. Population: 

Adult stroke survivors, their family/carers, and/or staff who care for adult stroke 

survivors. Research reporting on mixed populations will only be included if one or more 

of the populations listed above make up the vast majority of the sample (>60%) or their 

results are reported separately so that they can be extracted from the mixed population. 

7. Intervention/phenomenon of interest: 

Research reporting on the physical environment of acute or sub-acute inpatient 

rehabilitation hospital settings where the physical environment is described in sufficient 

detail. For example, research that reports only on the location of certain activities (e.g., 

time spent in the dining room) or the position of a rehab ward in relation to an acute 

ward would not be included, but research that reports the dimensions, features, and etc. 

of said locations or wards (i.e., 'dining room was 10m2, with south facing windows and 

positioned adjacent to a courtyard and the nurses station') will be included.  

 

For the purposes of this review, the physical environment is defined as comprising the 

following (this definition of the physical environment is adapted from Harris et al. (2002) 

[14] – studies that provide details about any of the following will be included: 

a. ambient features (e.g., noise, air quality, odours, light, temperature);  

b. architectural and landscape features (e.g., position and layout of the building, 

relationship between the building and its surroundings, dimensions of a room, 

placement of doors and windows, views and outdoor areas); 

c. interior design features (e.g., furniture, artwork, signage, colours, equipment and 

technology); and  

d. maintenance and housekeeping (e.g., cleanliness, repair and upkeep of 

architectural and interior features). 

 
Both of the following types of studies will be included: 1) research where the intent is to 
describe or investigate any aspect of a physical environment of inpatient rehabilitation 
settings, and 2) research where findings concerning the physical environment of inpatient 
rehabilitation settings are reported (even if this was not the original intent of the research).  
 
Research conducted in a virtual setting (e.g. using Virtual Reality) will be included as long as 
the virtual environment meets all of the criteria outlined above. 
 

8. Outcome: 

Research reporting on the outcomes, experiences, or perspectives of any of the 

populations specified above will be included. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-050247:e050247. 11 2021;BMJ Open, et al. Lipson-Smith R



5 

Literature review_stroke rehabilitation environments 

 

3.3. Screening 

Figure 2 provides a flowchart illustrating the 4-step process used for screening and assessing 
the retrieved literature. Each step will be conducted by two researchers independently who 
will discuss any disagreement until consensus is reached before proceeding to the next step 
(inter-rater reliability process) [13]. Covidence will be used to manage the screening and 
inter-rater process [15]. 

 

1. All duplicates eliminated 

2. Title and abstracts screened for topic relevance 

3. Full text articles of all included abstracts will be retrieved and read in full to confirm 

topic relevance 

4. Quality of eligible articles will be assessed using a mixed studies review scoring 

system [16] 

 
 

 
Figure 2 Flowchart of literature search and assessment process 

 

 

3.4. Quality appraisal  

The quality of articles will be assessed using the Mixed Methods Appraisal Tool (MMAT) 
[16]. This framework provides a system for appraising mixed studies reviews, which are 
reviews that include qualitative, quantitative and mixed-method research. The level of 
evidence of the included studies will be assessed following recommendations from 
Marquardt and Motzek (2013) [17], adapted from Stichler (2010) [18]. 

OVID Medline

Records retrieved & screened for duplicates

CINAHL Web of Science SCOPUS

Duplicates recorded

Excluded articles recorded

Excluded articles recorded

Title and abstracts assessed

Full text articles assessed

Quality appraisal of included articles

Eligible articles included in review 

Articles scoring below cut-off 

point excluded
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3.5. Data extraction and synthesis 

A purpose-designed data extraction form will be used to retrieve all data relevant to 
answering the research questions (see Appendix 1). The form will include variables 
describing study characteristics in order to descriptively summarize the included studies. 
 
The following variables will be collected: 
First author, Year of publication, Country where research conducted, Study focus, Research 
design and methodology, Sample size, Participant characteristics, Setting characteristics, 
Type of outcome, Impact of physical environment, Aspects of physical environment. 
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Appendix 1 Sample data extraction form 

First author 

(year), country 

[ref] 

Study focus Research design 

and methodology 

Sample size (n) Participants 

characteristics 

Setting characteristics Primary 

outcomes 

Secondary 

outcomes 
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