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Abstract
Background: Individuals with stroke rehabilitated in an enriched environment (EE) compared to a
non-EE are more likely to participate in cognitive and social activities, promoting their rehabilitation
and well-being. There is a need for a more comprehensive understanding of methods to implement
EEs within complex health systems, particularly in stroke units. Objective: The aim of this systematic
review was to compile the concept of an EE in stroke units. Methods: The literature was sourced
from CINAHL, Embase, and Medline databases. A detailed screening and sifting process was used to
identify relevant literature. Multiple reviewers independently appraised the identified literature using
a Mixed-methods Appraisal Tool. After screening 336 studies, 11 were included. Results: This review
reveals an EE is challenging to define and almost exclusively about activities based on access to
individual and communal equipment. Generally, there are no common descriptions or conceptual
agreements. Conclusions: To the best of our knowledge, this is the first study to systematically
review the concept of an EE in stroke units and shows that more studies on EEs are needed. The weak
definitions and unclear theoretical backgrounds of an EE in the included studies could challenge
operationalization. Future research should be based on more precise definitions of an EE and broader
interventions that include changes to built and natural environments.
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The concept of an enriched environment (EE) has

recently gained attention in stroke care.

Researchers have sought to translate positive

results from animal studies to patients who have

suffered from a stroke. In animal models, rats

housed in EE show increased neuroplasticity,

leading to improved recovery of motor and cog-

nitive function (Deng et al., 2021; Hannan, 2014;

Zhan et al., 2020; Zhang et al., 2021). These

environments have been enriched with objects

stimulating activities, such as running wheels,

toys, and social interactions with other rats. In

human stroke research, EE has been described

as a setting adapted to accommodate the needs

of individuals with neurological injury but simul-

taneously stimulating and challenging to support
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activities and social contact. EE in humans

typically includes books, puzzles, newspapers,

games, and music (McDonald et al., 2018). How-

ever, factors specific to human environments,

such as care organization, culture, and the built

environment, may create challenges when trans-

lating the concept from animals to humans.

Despite the promising results of animal studies,

the effectiveness of EEs in improving stroke out-

comes in humans remains unclear, and there is no

standardized definition of EE (McDonald et al.,

2018). Therefore, more rigorous research is

needed to evaluate the effectiveness of EEs in

human stroke care. Furthermore, there is a need

for a more comprehensive understanding of

methods to implement an EE within complex

health systems, particularly in stroke units. Each

system has its own unique organizational struc-

ture, culture, and physical environment that may

impact the deployment of EE.

. . . there is a need for a more

comprehensive understanding of methods

to implement an EE within complex health

systems, particularly in stroke units.

Stroke is a significant cause of long-term

disability (Socialstyrelsen, 2018) and can deterio-

rate health and increase dependence on daily

support, creating challenges for individual

patients, caretakers, and society (Langhorne &

Ramachandra, 2020). Despite new medical

treatment options, many patients suffer from

long-term and complex physical and cognitive

disabilities (Socialstyrelsen, 2018). Therefore,

the need for effective rehabilitation of stroke sur-

vivors cannot be underestimated. Recent evi-

dence suggests that early-initiated individually

adapted rehabilitation improves mobility, health,

and well-being (Langhorne & Ramachandra,

2020). Higher intensity therapy has been found

to promote more significant functional improve-

ments during inpatient rehabilitation than less-

intensive therapy (Dromerick et al., 2021;

Hordacre et al., 2021). Studies have shown that

individuals who have suffered from a stroke spend

most of their time outside therapy, inactive, alone,

and in their bedrooms (Anåker et al., 2017;

Shannon et al., 2018). Promoting activity outside

of dedicated therapy sessions can be challenging

because of the need for assistance with mobiliza-

tion and exercise, fixed routines in inpatient wards,

and the lack of physical therapists outside of ther-

apy hours and on weekends (Clarke et al., 2018). A

systematic review reported that stroke survivors

spend most of their time outside inactive therapy

(median 48.1% of the day), alone (median 53.7%
of the day), or in their bedrooms (median 56.5% of

the day) (West & Bernhardt, 2012). Barriers to

promoting activities outside of dedicated therapy

hours have also been reported. After a stroke, a

person often requires help in mobilizing and

exercising. Furthermore, fixed routines in an

inpatient ward, such as rounds, can pose a chal-

lenge because of the lack of physical therapists

outside therapy hours and on weekends (Bonifa-

cio et al., 2022).

The design of the built environment for stroke

units should not be underestimated. The built

environment is a place where there are mutual

relationships among individuals, care activities,

and the surrounding environment, which includes

both the built environment (i.e., layout) and

plants and nature; furthermore, the design of the

built environment affects the patient’s well-being

and health (Bernhardt et al., 2022; Ulrich et al.,

2018). The design of the built environment can

promote health and well-being and is now con-

sidered an essential part of high-quality health-

care (Anåker et al., 2016). In line with the

Sustainable Development Goals (UN, 2020), the

built environment should include universal access

to safe, inclusive, accessible, and green public

spaces, particularly for women, children, older

adults, and individuals with disabilities.

Research on stroke units has shown that built

environments can contribute to inactivity and

loneliness (Anåker et al., 2019; Hokstad et al.,

2015). Opportunities to practice rehabilitation

outside therapy sessions and in different inpatient

unit locations must be available to intensify reha-

bilitation further. Individuals with stroke rehabi-

litated in an EE compared to a non-EE are more

likely to participate in cognitive and social

activities, promoting their rehabilitation and

well-being (McDonald et al., 2018). In research

studies, the environment was mainly enriched

by creating meeting places (e.g., day rooms and
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areas in the corridors) with opportunities for

activities linked to computers, books, newspa-

pers, or games. Other researchers have made it

possible to perform favorite activities like needle-

work. The results from these studies have shown

that EE promotes rehabilitation and well-being

(McDonald et al., 2018).

Individuals with stroke rehabilitated in an

EE compared to a non-EE are more likely

to participate in cognitive and social

activities, promoting their rehabilitation

and well-being.

Together, the above insights suggest that it is

crucial to understand and define the enrichment

of the environment in the human context, primar-

ily for patients, healthcare professionals, and their

work environments. A systematic review would

identify not only current definitions and descrip-

tions but could also provide a comprehensive

summary of the available evidence regarding the

use of EE. This can help identify knowledge gaps,

inform future research, and guide clinical practice

and policy decisions. This review is an essential

step toward advancing the understanding of the

potential benefits of EE in stroke units and its

implications for stroke care. The compiled

knowledge is partly helpful for researchers who

plan to implement the concept as well as for

decision-makers in planning and designing new

stroke units.

Aim

This review aimed to compile the concept of an

EE in stroke units.

Overarching Research Questions

� What research methods and designs

investigate EEs in stroke units?

� How has an EE been described and defined

in empirical studies of stroke units?

� What aspects of the EE have been studied?

� What are the interventions and primary out-

comes of exposure to an EE for an individ-

ual treated in a stroke unit or healthcare staff

working in the stroke unit?

� How was the enrichment described concern-

ing the built environment?

Method

A systematic literature review method was

adopted to compile existing empirical studies.

This review followed the guidance of the pre-

ferred reporting items for systematic reviews and

meta-analyses (Page et al., 2021), with the four

steps for selecting publications: identification,

screening, eligibility, and inclusion.

Search Strategy and Inclusion/Exclusion
Criteria

The research team developed a comprehensive

search strategy in consultation with an information

specialist with input from the research team, using

a combination of free-text terms and key words

related to EE and stroke. A literature search was

conducted in August 2023 using three electronic

databases: CINAHL, Embase, and Medline

(Table 1). There were no limitations on the time

of publication for the relevant articles since our

primary goal was to explore all literature on the

Table 1. Example of Search String Used for the Systematic Review Process.

Sources: Embase, MEDLINE, Preprints: August 10, 2023

((enrich* NEAR/3 environment*): ti, ab, kw) AND (‘cerebrovascular accident’/exp OR ‘stroke rehabilitation’/de
OR ‘cerebrovascular disease’/de OR ‘brain ischemia’/exp OR ‘thromboembolism’/exp OR ‘brain hemorrhage’/
exp OR ‘brain infarction’/exp OR ‘brain injury’/de OR stroke$: ti, ab, kw OR poststroke$: ti, ab, kw OR
cerebrovasc*: ti, ab, kw OR ‘brain vasc*’: ti, ab, kw OR ‘cerebral vasc*’: ti, ab, kw OR cva*: ti, ab, kw OR sah: ti,
ab, kw OR (((brain* OR cerebr* OR cerebell* OR intracran* OR intracerebral) NEAR/2 (isch$emi* OR infarct*
OR thrombo* OR emboli* OR occlus*)): ti, ab, kw) OR (((brain* OR cerebr* OR cerebell* OR intracerebral
OR intracranial OR subarachnoid) NEAR/2 (h$emorrhage* OR h$ematoma* OR bleed*)): ti, ab, kw)) NOT
(‘animal’/exp NOT ‘human’/exp)

Anåker et al. 3



EE. The search terms were adjusted according to

the rules of the appropriate databases.

The eligibility criteria were based on the

population, exposure, and outcome (PEO) frame-

work (Munn et al., 2018; Table 2).

Study Selection Process and Data Extraction

All titles were systematically organized using the

Covidence (2023) software. Covidence was used

to index the research items, exclude duplicated

items, screen titles and abstracts, and full-text arti-

cles, as well as for data extraction. The first author

selected the studies independently. Based on the

inclusion criteria described in the PEO framework

(Table 2), the selected studies were double-

checked by all authors. All authors discussed dis-

agreements at each stage of the selection process

until a consensus was reached. During the full-text

screening, 36 studies were excluded for the follow-

ing reasons: not an empirical study, incorrect set-

ting, incorrect study design, and incorrect

intervention. After the full-text screening, 11 arti-

cles were included for analysis (Figure 1).

A data extraction template was constructed

based on the aims and research questions. It

included the research method and study design,

definition of an EE, type of care, characteristics

of the included stroke units (the physical

environment), aspects of an EE, primary

outcome, and the impact of exposure to an EE.

After double-checking by all authors, the

extracted data were converted into a Microsoft

Excel spreadsheet for analysis.

Quality Assessment Criteria

The Mixed Methods Appraisal Tool (MMAT;

Hong et al., 2018) was used to critically appraise

the literature because it facilitates the appraisal of

qualitative, quantitative, and mixed methods. The

evaluation criteria of the methodological quality

of each category of studies differed based on the

report of critical methodology issues regarding

the specific research types. The MMAT does not

provide any guidance on grading the quality of

a study. The MMAT tool does not prioritize

RCTs/experimental studies over qualitative ones.

It is appropriate for systematic reviews to include

all studies within an area of knowledge, regard-

less of the method and study design.

Data Analysis

The extracted data were analyzed using descriptive

statistics in Microsoft Excel 365 (Microsoft Cor-

poration, Redmond, Washington) and qualitatively

synthesized via thematic analysis and convergence

of terminology (Gough et al., 2012; Thomas &

Harden, 2008). In thematic analysis, segments of

the text in the articles that addressed the research

questions were structured in a matrix and subse-

quently synthesized in two stages: (1) all included

studies were coded line-by-line to form codes from

text segments and (2) descriptive themes were

developed. Codes were created inductively to cap-

ture the meaning of the text segments. The codes

were structured as “free codes” without a hierarch-

ical structure. One or more codes were applied to

text segments relevant to the research questions.

Furthermore, the codes were clustered into related

areas to develop descriptive themes (Thomas &

Harden, 2008; Table 3).

Results

After screening 336 studies, 11 were included in

the final analysis (Figure 1). All included studies

Table 2. Population, Exposure, and Outcome (PEO)
Framework.

PEO Description of Inclusion Criteria

Population (P) Persons (adults and children) treated
at a stroke unit, as well as significant
others and health professionals at
stroke units

Exposure (E) All empirical studies that discuss,
describe, and/or analyze the effects
of an enriched environment
(exposure) at stroke units on their
users (i.e., patients, significant
others, and staff). Studies related to
nonhuman research/intervention
are excluded

Outcomes (O) All exposures found in studies that
discuss, describe, and/or analyze
enriched environments on
individuals in the stroke units

4 Health Environments Research & Design Journal XX(X)



Figure 1. Preferred reporting items for systematic reviews flow diagram of the screening process of the literature
(preferred reporting items for systematic reviews and meta-analyses).

Table 3. Examples of Thematic Analysis: Definition of Enriched Environment (EE).

Author(s) Quote Codes Themes

Janssen et al. (2014) An EE refers to conditions in which the provision
of equipment and organization of the
environment facilitates physical, cognitive and
social activity (p. 2)

Facilitate Facilitating patient-
driven equipment

Rosbergen et al.
(2019)

EE is a multifaceted intervention to create a
stimulating housing environment to enhance
exploration and engagement in social, cognitive
and sensorimotor activities to promote
recovery (p. 2)

Stimulating
engagement

Increasing engagement
in various activities

Anåker et al. 5



exhibited a quality standard that met the MMAT

criteria, with no obvious methodological limita-

tions as appraised using the MMAT. MMAT

assessment showed that all included studies had

a straightforward clear research question and col-

lected relevant data.

Characteristics of Studies

We extracted several characteristics of the

included studies (Table 4). It appeared that the

earliest year an eligible article was published was

2008. This indicates a shift from animal to human

studies and an increased interest in this research

area in recent years. Nine included studies were

from Australia, and two were from Finland. In

several cases, these studies were performed by

the same research group and/or authors.

Research Methods and Designs

There was a mix of methods and research

designs: of the 11 studies, eight were quantitative

and three were qualitative. Various designs were

used to collect data on the built environment,

including qualitative research (n ¼ 3), rando-

mized controlled trials (n ¼ 3), and nonrando-

mized experimental studies (n ¼ 5). The

participants were primarily patients (nine of the

11 studies). Environmental enrichment was per-

formed in patient bedrooms and communal areas.

In two studies, enrichment was applied only to

portable equipment, such as an MP3 player, head-

phones, and listening materials.

Definition of EE

All included studies provided a description or

definition of the concept of EE. Based on the

thematic analysis, enrichment can be divided into

two descriptive themes: (1) facilitating patient-

driven equipment and (2) increasing engagement

in various activities (Figure 2). Studies that

defined EE as facilitating patient-driven equip-

ment focused on equipment that would make it

easier to facilitate cognitive activities, such as

easy access to books, magazines, computers, and

games. Furthermore, the equipment helped sup-

port patient empowerment during rehabilitation.

The studies also argued that adding different

types of equipment to the stroke unit could be

part of change management strategies:

The model requires minimal resources (i.e., a

one-off purchase of equipment and minimal staff

involvement) and comprises both communal and

individual enrichment and is patient-driven (i.e.,

patients determine their engagement). (Janssen

et al., 2022, p. 2)

The second descriptive theme, increasing

engagement in various activities, was based on

an enriched, stimulating, exploratory, and enga-

ging environment. For example, an EE was made

attractive for patients by providing appealing day

rooms with various equipment that drew in the

patient and increased physical activity as the

patient moved to and from the day room.

Aspects of the EE

Various aspects of EEs have been studied,

including joint and individual enrichments. These

aspects were grouped into three descriptive

themes: (1) EEs with equal access to equipment,

(2) music as an EE, and (3) individualized envir-

onments with equipment from home (Figure 3).

The three enrichment groups were primarily

based on refurnishing, decorating, and transform-

ing the current environment into a more enriched

one. Some studies have established the enrich-

ment of the environment exclusively through

various musical interventions:

The music therapist provided the patients with a

portable MP3 player, headphones, and a collec-

tion of listening material individually selected to

match the music or literature preferences of the

patient as closely as possible. (Sihvonen et al.,

2022, p. 1815)

The third group of studies personalized the

environment using home-based equipment:

Family members were encouraged to bring in

hobbies and activities that participants enjoyed

prior to their stroke. Individual enrichment activi-

ties and equipment were stored in a satchel by the

participant’s bedside. (Janssen et al., 2014, p. 3)
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Intervention and Primary Outcome
of Exposure to the EE

The focus of the interventions was access to

individual and communal enrichment. Two of the

included studies only used music interventions

for environmental enrichment. These music

interventions were based on the patients being

given an MP3 player, headphones, or a collection

of listening materials. The primary outcome was

a wide range of areas. Six studies focused on

Figure 2. Definition of enriched environment.

Figure 3. Aspects of the enriched environment.
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increased physical, social, and cognitive activity

levels. There are several different outcomes for

the patients and healthcare staff. Some studies

assessed well-being, quality of life, and mood

as primary outcomes for patients and staff

(Figure 4).

EE and the Built Environment

None of the included articles described or dis-

cussed the built environment before the interven-

tion. Only two included studies mentioned

changes related to the built environment as a part

of the EE, such as refurnishing and decorating the

dining room (White et al., 2014) and transforming

public spaces into shared seating for patients and

families to encourage social interaction and

reduce time in bed (Rosbergen et al., 2019). Even

though it is implied that the built environment

was modified in these examples, only furniture

and its placement changed, not the building itself

(layout, size of spaces, spatial connections,

access, visibility, materiality, etc.).

Discussion

This review highlights the challenges in defining

EE. While numerous studies have explored the

Figure 4. Intervention and primary outcomes.
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use of equipment to enhance cognitive and

physical activities, clear descriptions and defini-

tions of EE are lacking. This lack of a clear and

agreed-upon definition and the absence of a the-

oretical framework make the operationalization

of EE challenging. Operationalization of a pro-

cess reduces subjectivity, minimizes the potential

for research bias, and increases study reliability.

Therefore, the concept must be clear, explicit, and

able to meet the complex needs of users and,

above all, patients, healthcare professionals, and

significant others.

When adapting the EE concept to animal

models, researchers still need to consider the

unique factors operating in human environments,

such as care organization, culture, and the details

of the built environment. Despite the common

assumption that EE in healthcare facilities

involves modifying the built environment, this

is seldom the case for stroke units where EE is

implemented. Instead, these interventions are car-

ried out within the physical environment by sup-

plementing them with activities, such as games,

computers, and books. Unfortunately, as our

review demonstrated, changes in the physical

environment are often omitted from descriptions

of EE. Only two studies included in our review

mentioned modifications related to the built envi-

ronment, such as refurnishing and decorating the

dining room (White et al., 2014) and transforming

public spaces into shared seating for patients and

families to encourage social interaction and

reduce time in bed (Rosbergen et al., 2019). Even

in these examples, only furniture and its place-

ment changed, not the environmental layout. All

except two studies did not mention any changes

to the physical environment of the stroke unit. In

the included studies, the environment was primar-

ily enriched through access to activities linked to

computers, books, magazines, and games. How-

ever, this approach has limitations, and some

studies have emphasized the need to redesign

the built environment and reorganize therapies

and ward areas to provide optimal patient care

(Janssen et al., 2022). Additionally, visibility and

ease of access to the shared space where enrich-

ment activities are provided from the patient’s

room can influence the frequency of visits to this

space and, therefore, the use of the provided

materials (Anåker et al., 2018; Kevdzija &

Marquardt, 2022). This highlights the importance

of considering the physical environment when

designing and renovating stroke units. Although

implementing such interventions may be more

expensive than placing some materials in a room,

the potential benefits for patients in a stroke unit

make it imperative to consider these options.

When adapting the EE concept to animal

models, researchers still need to consider

the unique factors operating in human

environments, such as care organization,

culture, and the details of the built

environment.

Therefore, if a building project aims to

develop EE for individuals with stroke, it is crit-

ical to address this goal from the initial design

process rather than adding it as an afterthought

to the finished environment. Moreover, EE can

extend from common areas to private rooms

because individuals with stroke spend significant

time in their rooms. This can be performed at the

bedside, as reported by Rosbergen et al. (Rosber-

gen et al., 2017; Rosbergen et al., 2019) or inte-

grated into the patient room design specifically to

promote patients’ physical activity. The success-

ful implementation of this type of intervention

will likely depend on the location of the EE and

its ability to benefit individuals with stroke, high-

lighting the need for careful consideration of its

placement.

This review underscores that EE primarily

focuses on providing access to individual and

communal equipment, with some emphasis on

music. However, EE also entails exposure to

novel and complex stimuli, which, in the long

run, contribute to increased social and physical

abilities (Janssen et al., 2018). This perspective

is important, and it is crucial to consider whether

enrichment can extend beyond equipment-based

activities and include cultural and natural envir-

onments such as outdoor spaces. The body of

scientific evidence showing that natural exposure

has beneficial stress/physiological and psycholo-

gical effects on patients and staff has expanded

vastly in recent years (Bratman et al., 2019;

Ulrich et al., 2018; Ulrich et al., 2020). Engaging

Anåker et al. 11



in a natural environment contributes to favorable

psychosocial health outcomes. Studies also sug-

gest that the natural environment can contribute

to positive emotional and social health outcomes

in individuals with stroke (Lakhani et al., 2019).

Thus, to fully comprehend the components of EE,

additional factors such as the natural environment

must be examined. This could promote a deeper

understanding of what constitutes an EE in the

context of stroke (Figure 5).

. . . to fully comprehend the components of

EE, additional factors such as the natural

environment must be examined.

Furthermore, various architectural qualities of

spaces where environmental enrichment is

offered, such as scale and proportion, shape and

form, openings, light, view, color, materiality,

and atmosphere, might affect how the provided

materials are used. To date, no studies have inves-

tigated the impact of specifically built environ-

ment aspects on the use and efficacy of EE. From

the beginning, it is also uncertain how EE may be

integrated into the design of a built environment.

Based on recent studies demonstrating the impor-

tance of the built environment in stroke rehabili-

tation (Anåker et al., 2019; Anåker et al., 2018;

Bernhardt et al., 2004; Hokstad et al., 2015), fur-

ther research should aim to include different built

environment features to investigate the impact of

environmental enrichment.

We argue that the EE is an essential aspect of

the design of the built environment in the stroke

unit. However, several factors need to be consid-

ered more closely before the usefulness of an EE

can be adequately evaluated, including (i) a com-

prehensive theoretical framework capable of

defining what an EE includes in the context of

stroke units and (ii) operationally defining and

Figure 5. Proposed future research directions.
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standardizing EEs across studies within the area

of stroke units.

Strengths and Limitations

This review is the first to comprehensively

compile EE research in stroke units. The

inclusion of both qualitative and quantitative

methodologies strengthens the validity of the

research in the field (Polit & Beck, 2021). The

authors had ongoing discussions to minimize the

risk of bias in the analysis. However, this study

has some limitations. First, it was challenging to

compare outcomes and effects. Even still, the pri-

mary objective of this review was not to compare

effects but to compile research on EE. Therefore,

the studies included in this review showed modest

effects (Janssen et al., 2022) or no improvement

(Robertson et al., 2020). Second, comparing

studies that use different methods, such as quan-

titative and qualitative, may be challenging.

However, using the MMAT, we could critically

appraise the literature as it facilitates the appraisal

of qualitative, quantitative, and mixed-method

studies without prioritizing RCTs/experimental

studies (Hong et al., 2018).

Conclusion

After analyzing the available research on EE

in stroke units, this review highlights the need

for more rigorous research in this area. While the

current study provides evidence of the benefits of

EE, it primarily focuses on easy-to-understand

interventions related to individual and commu-

nal equipment. To achieve a more precise and

agreed-upon definition of EE that encompasses a

broader range of interventions, such as changes

to built and natural environments, it is crucial to

establish a consensus between patients, health-

care professionals, and professionals involved in

the planning process who can collectively define

and describe what EE means for a stroke unit. In

conclusion, this review underscores the need for

more extensive and multidisciplinary research

to establish the efficacy of EEs in stroke units

and their potential benefits to individuals with

stroke.

Implications for Practice

� To be useful in the context of stroke units,

the concept of an EE should be underpinned

by a comprehensive theoretical framework

capable of defining its components and

parameters.

� An EE in stroke units includes a broader

range of interventions, such as changes to

built and natural environments.

� This study highlights the need for a more

extensive and multidisciplinary research

effort to establish the efficacy of EEs in

stroke units and the potential benefits they

offer to individuals with stroke.
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