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ABSTRACT
Background: A frequent consequence of stroke is impaired mental function, which often affects
the ability to perform activities and participate in life situation. In occupational therapy practice,
performance-based instruments during activity and participation are often used. However, it is
important to assess if the instruments used are valid, reliable and responsive.
Objective: The objective of this systematic review is to investigate measurement properties of
performance-based instruments to assess mental function during activity and participation in
persons who have survived stroke.
Material and methods: Systematic database searches of PubMed, EMBASE, CINAHL, PsycINFO,
and OTseeker will be conducted. COSMIN Risk of Bias checklist will be used to evaluate meth-
odological quality of the included articles. Measurement properties of the included studies will
be rated against criteria for good measurement properties. The overall evidence of each meas-
urement property per instrument is graded using a modified GRADE approach.
Results: Results will be presented in text and tables.
Conclusions: Conclusion will be drawn up-on the overall evidence to give recommendations on
the most suitable instrument.
Significance: It is expected that findings of the review will provide evidence to guide professio-
nals in the selection of a performance-based instruments to measure mental function in practice
and research.
Trial registration number: PROSPERO CRD42018086744
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Background

A frequent consequence of stroke is impaired mental
function [1,2]. According to The International
Classification of Functioning, Disability and Health
(ICF), the domain mental function includes (I) global
functions, which encompass unconsciousness, regula-
tion of arousal and mental state, and (II) specific func-
tions, which encompass consciousness related to
thought and behavioural cognition [3]. In a review of
subjective cognitive complaints after stroke, the preva-
lence of patient-reported impaired mental function was
92% [4,5]. Examples of impairments reported by per-
sons who have survived stroke were decreased

memory, mental speed, and concentration difficulties
in both the acute and chronic phase [5,6].
Furthermore, impaired mental function often affects
the ability to perform activities and participate in
everyday life [7–9]. Consistent with ICF, activity and
participation encompass the execution of tasks and
involvement in life situation [3]. In a cohort study of
cognitive function in stroke including 197 persons who
have survived stroke, it was reported that the presence
of impaired mental functions related to language or
executive functions (e.g. initiating, planning and prob-
lem solving) hampered the participation in the person’s
life situation even six months after discharge from hos-
pital, rehabilitation unit or geriatric day hospital [10].
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Neuropsychological tests of mental function are
often observation-based using pen and paper tests like
the Mini-Mental State Examination (MMSE),
Montreal Cognitive Screen (MoCA) or drawing tasks,
which may be useful for a quick screen [11,12]. In the
literature, a lack of generalisation to real-life settings
in pen and paper tests has been reported, because
they fail to evaluate the persons’ ability to perform
real-life activities [9,13,14]. In occupational therapy
practice, performance-based instruments during activ-
ity and participation, like ADL-focused Occupation-
based Neurobehavioral Evaluation (A-ONE) and
Executive Function Performance Test (EFPT), are
often used [15,16]. This to assess mental function and
evaluate its impact on real-life activities, e.g. ADL
performance [14,17]. In assessing this, reliable, valid
and responsive instruments are needed to limit insuf-
ficient mental function assessment and consequences
such as adaptation of rehabilitation and reduced
autonomy in ADL [18–20]. A similar review on indi-
viduals with traumatic brain injury has been pub-
lished showing a lack of evidence of reliable, valid
and responsive performance-based measurements
instruments to assess mental function during activity
and participation [21]. The lacking use of valid meas-
urement instruments can both be due to lack of skills
of the occupational therapists, and due to lack of val-
idation of the instruments available for use in occupa-
tional therapy. The objective of this systematic review
is to investigate measurement properties of perform-
ance-based instruments to assess mental function dur-
ing activity and participation persons who have
survived stroke.

Material and methods

Study design and registration

This systematic review is registered in the
International Prospective Register of systematic
reviews (PROSPERO) (registration number
CRD42018086744). The Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols
(PRISMA-P) 2015 checklist has guided this protocol
[22]. This review will be conducted in accordance
with the COnsensus-based Standards for the selection
of health Measurements INstruments (COSMIN)
methodology [23,24].

Search strategy

The search strategy described is used for a series of
systematic reviews on different types of acquired

brain injury, however this protocol only includes
studies targeting persons who have survived a stroke
[21]. Systematic database searches of PubMed,
EMBASE, CINAHL, PsycINFO, and OTseeker will be
conducted from their date of inception. The search
strategy includes a mixture of three literature search
blocks: ‘acquired brain injury’, ’mental function’ and
‘method of assessment’. These search blocks will be
combined with a search filter to identify studies on
measurement properties in the databases PubMed,
CINAHL and EMBASE (www.cosmin.nl) [25]. A
translation of the published search filter will be
applied in PsycINFO and OTseeker. Database
searches will be conducted with controlled vocabulary
such as Medical Subjects Headings (MeSH),
EMTREE, CINAHL headings and Thesaurus, supple-
mented with applicable free-text terms to identify
relevant articles that are not categorised. In addition
to the database search, a hand search will be con-
ducted by screening references from included studies
for additional records meeting the inclusion criteria.
To gather all identified studies, the online biblio-
graphic program RefWorks (www.refworks.com) will
be used for study upload.

Selection of studies

For inclusion, studies should report on performance-
based outcome measurement instruments during
activity and participation and within at least one
mental function subdomain [3,26] (see Table 1).
Studies need to report on the development of the out-
come measurement instruments or on at least one of
the measurement properties defined in the COSMIN
taxonomy [27] (Table 1). The development process is
not a measurement property, but it is still recom-
mended to evaluate the development of an instrument
as this information is required when assessing the
content validity of an instrument. Studies will be
included regardless of severity of stroke (mild, moder-
ate, severe). No language restrictions will be applied
to the search strategy. If grey literature is located dur-
ing free-text or reference search, it will be included.
Exclusion criteria are studies not available in full-text
or studies with mixed populations and no separate
analysis of persons who have survived stroke.

Selection procedure

Selection procedure will be performed by three of the
review authors, all with clinical and research experi-
ence in the field of stroke. Duplicates will be removed
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using the duplicates function of the reference man-
ager RefWorks. After removing duplicates, two review
authors will independently screen all titles and
abstracts of the retrieved articles and read the full text
of all potentially eligible studies. If disagreement
occurs, a third review author will be consulted to
reach consensus. Details on the process of study selec-
tion will be illustrated in a flowchart.

Appraisal of the methodological quality of
included studies

The methodological quality assessment of the
included studies will be performed independently by
two review authors using the COSMIN Risk Of Bias
(RoB) checklist [24,28,29]. The COSMIN RoB
includes following measurement properties:
Development, content validity, structural validity,
internal consistency, cross-cultural validity, reliability,
measurement error, criterion validity, hypotheses test-
ing and/or responsiveness (Table 1) [23,28]. For the
evaluation of hypothesis testing and responsiveness,
hypotheses for each study will be developed prior to
the evaluation, depending on the focus of the study.
Assuming no gold standard is available, hypotheses
will be formulated using a construct approach. This
includes (1) the expected direction of correlations
between scores of the instrument of interest and
instruments with similar or unrelated constructs; we
expect correlations between scores of instruments
with similar constructs and no correlations between
scores of instruments measuring different constructs.
(2) The expected difference between subgroups; we
expect the instrument to distinguish between persons,
who have survived a stroke – or specified impaired
mental functions related to this (e.g. aphasia) – and
persons without stroke or related specified impaired
mental functions (e.g. aphasia) [30].

The ten boxes for measurement properties of the
COSMIN RoB checklist (Table 1) consist of multiple
standards, which are each rated on a four-point scale
as either very good, adequate, doubtful or inad-
equate, with sometimes the possibility to rate a
standard not applicable. The lowest score within a
box determines the overall quality of the study
[24,28,29]. If disagreement occurs, a third review
author will be consulted.

The COSMIN checklist was original developed for
self-reported measurement instruments, but has now
been expanded to also include performance-based
and clinician-reported measurement instruments
[24]. Yet, for evaluation of development and content
validity, the COSMIN RoB checklist has been
adapted by the authors of this review in order to fit
when using it on performance-based instruments
(see adapted version in appendix). The main adapta-
tion in the box on Development included adding
standards about the involvement of professionals in
the development of the design and in the pilot test.
The inclusion of professionals means that the stand-
ards can be used on a study including qualitative
information from either patients or professionals
(e.g. focus group interviews), as we do not expect
both groups to be included in one study. The box
content validity was extended by adding the view of
the professionals to the standards about assessing
relevance and comprehensiveness.

Data extraction

Two review authors will independently complete a
standardised data extraction form. Variables of the
included studies will be extracted and presented
in tables:

� A table of the study characteristics including
author/year of publication, country for the

Table 1. Terms of mental functions, activity and participation and measurement properties.
ICF subdomains of
mental functions

ICF classification of
activity and participation

COSMIN risk of bias checklist of
measurement properties

Attention functions
Memory functions
Psychomotor functions
Emotional functions
Perceptual functions
Thought functions
Higher-level cognitive functions
Mental functions of language
Calculation functions
Mental functions of sequencing complex movements
Experience of self and time functions

Learning and applying knowledge
General tasks and demands
Communication
Mobility
Self care
Domestic life
Interpersonal interactions and relationships
Major life areas and community
Social and civic life

� Development
Content validity
Structural validity
Internal consistency
Cross-cultural validity
Reliability
Measurement error
Criterion validity
Hypothesis testing
Responsiveness

�Not a measurement property but recommended to be evaluated according to the COSMIN manual.
References: [3,25,27].
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publication/language of the instrument, sample
size, stroke severity, age of the study population,
activity and/or participation, measurement proper-
ties assessed and mental function subdomains
assessed [3,23,26].

� A table of the methodological quality of each study
per measurement property, including ratings of
good measurement properties per study
result [23].

� A table of the overall evidence grade of each meas-
urement property per instrument using the modi-
fied GRADE approach.

Data synthesis of included outcome measures

Measurement properties of the included studies will
be rated against criteria for good measurement prop-
erties as either sufficient (þ), insufficient (�) or

indeterminate (?) (Table 2) [31]. All individual results
will be summarised for each instrument per measure-
ment property. The summarised results are rated
against the same criteria for good measurement prop-
erties whereas possible inconsistency is detected
(Table 2). When inconsistency is detected between
results of the same measurement property of an
instrument, it can be rated as inconsistent results, or
results are summarised in subgroups of studies,
if applicable.

The overall evidence of each measurement property
per instrument is graded using a modified GRADE
approach. The evidence is graded as high, moderate,
low or very low. The overall evidence is based on the
confidence of the results, which will be lowered in
case of increased risk of bias, inconsistency, impreci-
sion and indirectness of all studies on each measure-
ment property of an instrument (Table 3) [23].

Table 2. Criteria for good measurement properties.
Measurement property Rating Criteria

Structural validity þ CTT:
CFA: CFI or TLI or comparable measure> 0.95 OR RMSEA< 0.06 OR SRMR< 0.08
IRT/Rasch:
No violation of unidimensionality: CFI or TLI or comparable measure> 0.95 OR RMSEA< 0.06 OR

SRMR< 0.08
AND
no violation of local independence: residual correlations among the items after controlling for

the dominant factor< 0.20 OR Q3’s< 0.37
AND
no violation of monotonicity: adequate looking graphs OR item scalability> 0.30
AND
adequate model fit:
IRT: v2 >0.01
Rasch: infit and outfit mean squares� 0.5 and� 1.5 OR Z-standardised values > �2 and <2

? CTT: Not all information for ‘þ’ reported
IRT/Rasch: Model fit not reported

– Criteria for ‘þ’ not met
Internal consistency þ At least low evidence for sufficient structural validity AND Cronbach’s alpha(s) � 0.70 for each

unidimensional scale or subscale
? Criteria for “At least low evidence for sufficient structural validity” not met
– At least low evidence for sufficient structural validity AND Cronbach’s alpha(s) < 0.70 for each

unidimensional scale or subscale
Reliability þ ICC or weighted Kappa � 0.70

? ICC or weighted Kappa not reported
– ICC or weighted Kappa < 0.70

Measurement error þ SDC or LoA<MIC
? MIC not defined
– SDC or LoA>MIC

Hypotheses testing þ The result is in accordance with the hypothesis
? No hypothesis defined (by the review team)
– The result is not in accordance with the hypothesis

Cross-cultural validity þ No important differences found between group factors (such as age, gender, language) in
multiple group factor analysis OR no important DIF for group factors (McFadden’s R2 < 0.02)

? No multiple group factor analysis OR DIF analysis performed
– Important differences between group factors OR DIF was found

Criterion validity þ Correlation with gold standard � 0.70 OR AUC � 0.70
? Not all information for ‘þ’ reported
– Correlation with gold standard < 0.70 OR AUC < 0.70

Responsiveness þ The result is in accordance with the hypothesis OR AUC � 0.70
? No hypothesis defined (by the review team)
– The result is not in accordance with the hypothesis OR AUC < 0.7

References: [23].
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