
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=hapn21

Applied Neuropsychology: Adult

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/hapn21

From word list learning to successful shopping:
The neuropsychological assessment continuum
from cognitive tests to cognition in everyday life

Anne-Fleur Domensino, Jonathan Evans & Caroline van Heugten

To cite this article: Anne-Fleur Domensino, Jonathan Evans & Caroline van Heugten (2022):
From word list learning to successful shopping: The neuropsychological assessment continuum
from cognitive tests to cognition in everyday life, Applied Neuropsychology: Adult, DOI:
10.1080/23279095.2022.2079087

To link to this article:  https://doi.org/10.1080/23279095.2022.2079087

© 2022 The Author(s). Published with
license by Taylor & Francis Group, LLC.

View supplementary material 

Published online: 02 Jun 2022. Submit your article to this journal 

Article views: 378 View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=hapn21
https://www.tandfonline.com/loi/hapn21
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/23279095.2022.2079087
https://doi.org/10.1080/23279095.2022.2079087
https://www.tandfonline.com/doi/suppl/10.1080/23279095.2022.2079087
https://www.tandfonline.com/doi/suppl/10.1080/23279095.2022.2079087
https://www.tandfonline.com/action/authorSubmission?journalCode=hapn21&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=hapn21&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/23279095.2022.2079087
https://www.tandfonline.com/doi/mlt/10.1080/23279095.2022.2079087
http://crossmark.crossref.org/dialog/?doi=10.1080/23279095.2022.2079087&domain=pdf&date_stamp=2022-06-02
http://crossmark.crossref.org/dialog/?doi=10.1080/23279095.2022.2079087&domain=pdf&date_stamp=2022-06-02


From word list learning to successful shopping: The neuropsychological
assessment continuum from cognitive tests to cognition in everyday life

Anne-Fleur Domensinoa,b , Jonathan Evansc , and Caroline van Heugtena,b,d

aSchool for Mental Health and Neuroscience, Faculty of Health, Medicine and Life Sciences, Maastricht University Medical Center, Maastricht,
The Netherlands; bLimburg Brain Injury Center, Maastricht, The Netherlands; cInstitute of Health and Wellbeing, University of Glasgow,
Glasgow, UK; dDepartment of Neuropsychology and Psychopharmacology, Faculty of Psychology and Neuroscience, Maastricht University,
Maastricht, The Netherlands

ABSTRACT
Cognitive deficits are common after brain injury and can be measured in various ways. Many
neuropsychological tests are designed to measure specific cognitive deficits, and self-report ques-
tionnaires capture cognitive complaints. Measuring cognition in daily life is important in rehabili-
tating the abilities required to undertake daily life activities and participate in society. However,
assessment of cognition in daily life is often performed in a non-standardized manner. In this
opinion paper we discuss the various types of assessment of cognitive functioning and their asso-
ciated instruments. Drawing on existing literature and evidence from experts in the field, we pro-
pose a framework that includes seven dimensions of cognition measurement, reflecting a
continuum ranging from controlled test situations through to measurement of cognition in daily
life environments. We recommend multidimensional measurement of cognitive functioning in dif-
ferent categories of the continuum for the purpose of diagnostics, evaluation of cognitive rehabili-
tation treatment, and assessing capacity after brain injury.

KEYWORDS
Cognition; measurement
instruments; neuropsycho-
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Introduction

Many people experience cognitive problems as a result of
neurodevelopmental conditions, mental health problems,
after acquired brain injury (ABI), or as a result of degenera-
tive brain conditions. These cognitive problems negatively
affect patients’ independence and their quality of life
(Cumming et al., 2014; Heruti et al., 2002). Assessment of
cognition is undertaken for many reasons, such as diagnos-
ing neurological conditions and assessing the impact of the
brain condition on cognitive functions. Moreover, identify-
ing the associated consequences of cognitive impairment for
everyday life can inform predictions about the ability to live
independently (Maruish, 2004). These contexts for assess-
ment reflect the different components of the model that
underlies the WHO International Classification of
Functioning, Disability and Health (ICF) (World Health
Organization, 2001). In this model, human functioning is
classified by the components ‘body structures and functions,’
‘activities’, and ‘participation’, while taking into account the
influence of personal and environmental factors. When
applied to cognitive functioning after brain damage, a dis-
tinction can be made between measurement at the body
function level (e.g., measuring cognitive impairment), at the
level of activities (e.g., measuring the impact of cognitive

impairment on the performance of specific activities in daily
life) and at the level of participation (e.g., measuring the
impact of cognitive impairment on participating in wider
valued societal roles). This distinction illustrates that the
consequences of a condition (such as a brain injury) are
manifested at different levels of functioning, and that the
ultimate impact of the condition is influenced by factors
other than those directly related to the condition. Moreover,
the model shows that there are different levels at which
human (and therefore cognitive) functioning can be classi-
fied and that these levels are related to each other. The latter
is illustrated by the fact that measures of cognitive impair-
ment, among other factors, can predict whether a person
will successfully return to work after a stroke (van der
Kemp et al., 2019). Personal and external factors interact
with (cognitive) functioning and influence overall quality of
life (Goretti et al., 2010).

Cognitive functioning and its impact on daily life func-
tioning and participation is complex and multidimensional.
In this paper, we characterize the different types of existing
measurement instruments for cognitive functioning, thereby
illustrating the differences between the assessment of cogni-
tive functions in lab-based test settings and in real-world
environments. A particular focus is placed on measuring
cognition in daily life, which can be defined as the cognitive
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component of spontaneous behavior and addresses cognitive
functioning, rather than the performance on a specific task
(i.e., functional ability).

Literature review and expert meetings

This opinion paper is informed by a narrative review of the
literature and two national expert meetings with colleagues
working in this area. These meetings were organized to fur-
ther explore the different types of cognition measurement,
to classify the available measures, and to identify their per-
ceptions of the most suitable approach to measuring cogni-
tion in daily life. Participants of the expert group (n¼ 13,
77% female) were purposively selected based on their
involvement in the development of measurement instru-
ments for cognition and on the basis of being active as
researchers and/or healthcare professionals (rehabilitation
physician, psychologist, occupational therapist, nurse, or
physician for social insurance) in various sectors of health
care (hospital care, rehabilitation care, or elderly care)
(Supplementary Appendix 1). The following sections
describe the methods of measuring cognition that resulted
from the literature review and expert meetings.

Neuropsychological assessment

Cognitive functioning is measured by means of a compre-
hensive neuropsychological assessment (NPA). A NPA typic-
ally consists of tests, observations during test administration,
and detailed history from referral information, medical
records, as well as from the patient and relative(s) on the
basis of interviews and questionnaires. The primary aim of
neuropsychological assessment is to reveal any impairments
in cognitive domains or subdomains. To this end, a profile
of a patient’s cognitive strengths and weaknesses is estab-
lished by combining test results with contextual sources of
information. This profile indicates areas of impairment and
cognitive domains in which the performance is consistent
with norm-referenced performance, corrected for demo-
graphic influences such as gender, age and education level
as appropriate.

Neuropsychological tests

A central component of NPAs is valid and reliable neuro-
psychological tests, or cognitive tests, which are typically
aimed at specific cognitive domains (Lezak et al., 2012).
Ideally, such tests are administered in a controlled environ-
ment (e.g. free of distractions such as noise) to facilitate
optimal comparison with normative sample data (Bouma
et al., 2012). Given that neuropsychological tests are aimed
at measuring cognitive impairments in a controlled environ-
ment, they take little to no account of the positive and nega-
tive influence of personal or environmental factors on
performance that would be present in the real world, outside
of a test situation. Furthermore, the results of neuropsycho-
logical tests do not necessarily reflect everyday activity per-
formance (Chevignard et al., 2000), as some patients may

effectively use (external) compensatory strategies that reduce
the impact of cognitive deficits on performance of everyday
activities. Such compensatory strategies (i.e. taking notes to
compensate for memory problems) are typically not permit-
ted during testing.

The limited generalization of neuropsychological test
results may be especially relevant in the context of evaluat-
ing cognitive rehabilitation interventions. Cognitive rehabili-
tation includes interventions targeting specific cognitive
impairments, but the evidence to date suggests that impaired
cognitive functions cannot typically be restored to normal,
though everyday functioning may be improved by impair-
ment-focused cognitive strategies. Cognitive rehabilitation
programs are often based on the results of neuropsycho-
logical assessment (Tsaousides & Gordon, 2009), and are
generally aimed at improving the patient’s independence
through psychoeducation, environmental adaptation and
cognitive (strategy) training (Sohlberg & Mateer, 2017). This
way, patients learn to cope with the limitations cognitive
impairments impose in daily life albeit not necessarily
reducing the cognitive impairments. Whilst cognitive
rehabilitation is considered to be effective (Cicerone et al.,
2019), the specific effects, or outcomes, are measured in
many different ways and on many different levels of the ICF
framework (van Heugten et al., 2020). Since the goals of
cognitive rehabilitation are most commonly at the activity
level and given the fact that neuropsychological tests typic-
ally measure on a body functions level (impairment),
improvement on these tests as a result of cognitive rehabili-
tation is not to be expected. Adding to this is the risk of
measuring task-specific practice effects instead of improve-
ment in cognitive function (Calamia et al., 2012).
Neuropsychological tests are therefore usually unsuitable for
measuring treatment effects and therefore, NPAs can be
supplemented with other measurement instruments that dif-
fer from classical neuropsychological tests.

Ecologically valid tests of cognitive functioning

In response to the low generalizability of neuropsychological
test results to daily life, ‘ecologically valid’ tests were devel-
oped to supplement classical neuropsychological tests as part
of a neuropsychological assessment. Ecological validity refers
to the extent to which the results obtained in a controlled
environment correspond to performance in a naturalistic
setting. Such tests are still aimed at measuring impairments
in a specific cognitive domain, but typically measure these
by means of tasks with a greater similarity to daily life.
Generally, two approaches to establishing ecological validity
of neuropsychological tests have been described, referred to
as verisimilitude and veridicality (Chaytor & Schmitter-
Edgecombe, 2003). Verisimilitude refers to the extent to
which the test relies on cognitive functions corresponding to
the cognitive load of an actual situation and is often associ-
ated with high degrees of face validity, as the tasks resemble
tasks of daily life. Veridicality, on the other hand, is a meas-
ure of the extent to which the results of a test (which may
not necessarily resemble an everyday activity) correlate with
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the level of functioning in daily life (such as employment
status), and could therefore be the best estimation of a
patient’s ability to function in daily life without actually
observing a patient in their natural environment. However,
most neuropsychological tests show only modest correlations
with daily life functioning (Fortin et al., 2003), and these
estimations are to a large extent dependent of the indicator
of daily functioning that is being used (Chaytor &
Schmitter-Edgecombe, 2003). Thus, despite the fact that
results of tests with increased ecological validity better
approximate the patients’ everyday functioning, large dis-
crepancies often remain between test results and functioning
in daily life. This might be explained by the fact that daily
life is more complex than structured tests focusing on a sin-
gle domain of cognition, meaning that almost all tasks in
everyday life utilize multiple cognitive functions and could
therefore be impaired as a result of deficits in one of many
cognitive functions.

Besides measuring cognitive impairment through neuro-
psychological tests, cognitive functioning can be evaluated in
terms of ‘functional cognition’, defined as “the ability to use
and integrate thinking and performance skills to accomplish
complex everyday activities” (Giles et al., 2017). As func-
tional cognition instruments involve the performance of
complex tasks that are dependent of cognition, they often
rely on the integration of multiple bits of information over
an extended period of time and therefore may be particu-
larly useful in assessing executive functioning, or cognitive
control, compared to more traditional table-top or lab tests
(Poncet et al., 2017). Functional cognition can be evaluated
through informal but consistent use of a practical task as
part of rehabilitation care (e.g., asking all patients to prepare
the same meal), or by means of standardized, semi-con-
trolled tasks such as those in the Assessment of Motor and
Process skills (AMPS (Pan & Fisher, 1994)), or uncontrolled
tasks assessed as part of the ADL and IADL Profile (Bottari
et al., 2009; 2020). This method of testing, also known as
performance-based measurement, is often used by occupa-
tional therapists to determine the degree of a patient’s inde-
pendence and can serve as a risk assessment when patients
return home after admission to the hospital or rehabilitation
center (Giles et al., 2017), providing an invaluable element
of assessment in rehabilitation care. As the observation of
cognitive functioning is based on a meaningful task, func-
tional cognition tasks can be used to estimate daily function-
ing, (Skidmore, 2017), although their predictive validity has
not been studied widely (Casaletto & Heaton, 2017).
Nonetheless, these assessments are often still carried out in a
standardized environment, such as an institution or the
practice of the care provider, or using an artificial task.

Questionnaires measuring cognitive complaints

Another method for measuring cognitive functioning is with
questionnaires focusing on subjective cognitive impairment,
or questionnaires focusing on the subjective impact of cog-
nitive impairment on daily life, sometimes referred to as
patient-reported outcome measures (PROMS). The

importance of patient perspectives is increasingly recognized
(Black, 2013). One limitation of self-reported measurement
instruments is that not all patients are capable of completing
these, for example due to severe cognitive impairment, com-
munication problems, or limited awareness of or insight in
their disease and degree of functioning (Bach & David,
2006), the latter potentially resulting in under-reporting of
problems. In the case of incapacity to self-report, proxy-
reporting by an informal caregiver or healthcare professional
is sometimes employed as an alternative. Research has
shown important discrepancies between self and proxy
reporting in the case of cognitive functioning, and indicates
that proxy reporting often correlates higher with cognitive
test performance (Howland et al., 2017). Self-reporting can
result in over-reporting of complaints, as presenting a
patient with examples of difficulties can lead to an affirma-
tive response bias, compared with spontaneous complaint
reporting (Nolin et al., 2006). There may also be over-
reporting due to an external motive, such as financial
compensation (Bianchini et al., 2006), and the results of
self-reported questionnaires are often influenced by personal
factors (Nijsse et al., 2017).

In summary, cognition can be measured in a variety of
ways, which can all contribute to an understanding of a
patient’s functioning after a brain condition. Measuring cog-
nitive impairment by means of neuropsychological tests is
essential for diagnostic purposes, but does not tell the full
story, as performance in an artificial environment provides
incomplete insight into cognitive functioning in daily life.
Furthermore, measuring cognitive limitations when perform-
ing assigned tasks may reflect performance in real life situa-
tions, but may not fully correspond to functioning in a
patient’s own habitat. Moreover, questionnaires focusing on
subjective cognitive impairment can be biased as a result of
the consequences of brain damage, and are influenced by
environmental and personal factors. In addition, situational
factors, such as the unusual environment of a hospital
admission, can influence a patient’s ability to perform tests,
carry out assignments or complete questionnaires.

Measuring cognition in daily life

One missing piece of the puzzle of understanding the impact
of cognitive impairments is the evaluation of cognition in
actual everyday life situations. In the case of diagnosing the
severity of cognitive problems after ABI or dementia, under-
standing the impact of the cognitive problems on daily life
situations is already part of most NPAs. However, it often
remains based on unstructured observations, is aggregated
out of multiple sources of information (Bootes & Chapparo,
2002), or is estimated by means of instruments measuring
Instrumental Activities of Daily Living. Although IADL per-
formance is related to cognitive impairment (Dodge et al.,
2005), it can be heavily influenced by other factors, such as
physical impairment (Cromwell et al., 2003).

In treatment settings, such as cognitive rehabilitation, the
focus of the interdisciplinary team is often on understanding
1) whether cognitive impairments are present, 2) the nature of

APPLIED NEUROPSYCHOLOGY: ADULT 3



any cognitive impairment, and 3) how they impact function-
ing in daily life. Therefore, it is important to use instruments
that measure the cognitive component of spontaneous behav-
ior in daily life when designing and evaluating treatment
interventions.

Spontaneous behavior is defined here as behavior that
has not been commanded and which can be observed over a
longer period as compared to assignments in artificial envi-
ronments, such as standardized tests. Spontaneous behavior
can be observed in a clinical situation (such as a hospital
ward or rehabilitation facility), as well as in residential facili-
ties and in people’s homes, community or work places, by
healthcare professionals or informal caregivers. The behavior
takes place in a naturalistic environment, meaning that there
are no specific environmental constraints that limit normal
behavioral functioning. The cognitive component of these
spontaneous behaviors can be referred to as ‘cognition in
daily life’, is organized according to cognitive functions, and
reflects the level of cognitive functioning rather than the
level of performance on a specific task. For example, cogni-
tion in daily life reflects the extent to which a patient con-
tinues a task when he/she is interrupted by a ringing phone
(attention), able to remember the recipe (memory), and able
to complete steps in a logical order (executive functioning),
rather than how well this patient is able to prepare a meal.
Instruments for measuring cognition in daily life could be
employed to measure change in the impact of cognitive
impairment on daily life, and could therefore be a valuable
asset in both clinical practice and scientific research.

As the performance of complex tasks is heavily depend-
ent on the context they are performed in, the observation of
a particular cognitive function needs to be based on the
expression of cognitive abilities during a variety of daily
tasks over a prolonged observation period. Consequently,
measurement of cognition in daily life needs to be per-
formed by clinicians who have spent sufficient time to allow
for thorough observation, such as nurses, which may be
challenging in some clinical services.

Since cognition in daily life concerns behavior in a nat-
ural context, it reflects cognitive functioning while allowing
for the use of compensatory strategies. This means that defi-
cits in cognition may be apparent from errors in task per-
formance, but successful task performance does not mean
that no cognitive impairment is present. Furthermore, obser-
vation in daily life depends on the skills of an observer and
is therefore prone to bias. As a result, interpreting measures
of cognition in daily life should occur in conjunction with
results from other sources, such as neuropsychological tests.
Like any other instrument for measuring cognition, out-
comes need to be interpreted alongside information on
other factors that influence functioning, such as fatigue,
which can provide further context in understanding cogni-
tive problems.

A continuum of cognitive functioning measurement

Over the course of two expert meetings, a continuum of dif-
ferent ways of measuring cognitive functioning was formu-
lated and is presented in Figure 1. The expert group
concluded that the various ways of assessing cognitive func-
tioning range from, on the one hand, the isolated, highly
controlled measurement of specific cognitive domains in test
situations, to, on the other hand, real-life cognition, either
as reported by a proxy, or as experienced by the patient. A
detailed description of each of the categories, the associated
measurement instruments, and their characteristics is pro-
vided in Supplementary Appendix 2.

An exploration of measurement instruments for
cognition in daily life

Cognition in daily life reflects the cognitive component of
spontaneous behavior and addresses cognitive functioning,
rather than the performance on a specific task. Therefore, cat-
egory F measurement instruments arguably are the most
appropriate for measuring cognition in daily life. Generally,

Figure 1. Continuum of instruments for measuring cognitive functioning. Based on the continuum as presented in NOSCA development and validation of the
nurses’ observation scale for cognitive abilities (thesis) by A. Persoon, 2010, p114 (Persoon et al., 2011).
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these instruments contain descriptions of observable behav-
iors that are organized into a set of cognitive domains.
Healthcare professionals observe patients over an extended
period of time (usually several days) and identify behaviors
that reflect strengths or weaknesses in each domain of cogni-
tion. We aimed to identify existing measurement instruments
for cognition in daily life which met the following criteria: 1)
the instrument measures cognitive functioning in a natural
setting, 2) the instrument focuses on the observation of spon-
taneous behavior, 3) the instrument has cognitive functioning
as its main outcome, and 4) the instrument covers multiple
cognitive domains. To the best of our knowledge, four instru-
ments met these criteria. Table 1 and Table 2 summarize the
properties and content of these measures.

The Behavioral Assessment Tool of Cognition and
Higher function (BATCH) (Miller et al., 2007) is a measure-
ment instrument for observing multiple cognitive functions.
The BATCH is a clinician-rated tool composed of 60 items,
divided over ten domains. The examiner rates the patient on
five to eight behaviors within each domain. Performance is
scored on a five-point Likert scale classifying the frequency
of each behavior (e.g., ‘patient remains alert during the day’,
1: never � 5: always). The BATCH has only been validated
for patients with neuropsychiatric disorders. It showed very
high internal consistency. Construct validity was also very
high when subdomains of the BATCH were correlated with
NUCOG subdomains. The BATCH also showed very high
concurrent validity when total scores were correlated with
total NUCOG and MMSE scores in a sample of

neuropsychiatry inpatients (n¼ 76). Furthermore all sub-
scales correlated strongly with associated subscales of the
NUCOG (Miller et al., 2007), but no information on diver-
gent validity is available, meaning that these subscale rela-
tionships might not be specific to the associated cognitive
domain. The Hoensbroeckse Disability Scale for Brain Injury
(HDSB) (Torenbeek et al., 1998) is a clinician-rated meas-
urement instrument for the observation of functioning
which features a separate subscale for cognition, composed
of 13 items. Each cognitive skill is described by a single item
and rated along a four-point scale describing behavior asso-
ciated with the score for that particular skill. For example,
the item ‘knowing people’s names’ can be scored a 0: he/she
knows nobody’s name, except for those of his/her parents or
partner’. The HBSH has only been validated in a small sam-
ple (n¼ 33) of rehabilitation patients with brain injuries.
The sample size was insufficient to reliably evaluate respon-
siveness of the measure. No seperate indices for concurrent
or divergent validity were provided for the cognition items.
The Nurses’ Observation Scale of Cognitive Abilities
(NOSCA) (Persoon et al., 2011) is a nurse-rated observation
scale covering nine cognitive domains. Each domain con-
tains a number of sample behaviors that are rated on a
four-point Likert scale reporting frequency. One score is
attributed to each item within every domain. For example,
the domain ‘memory’ consists of six items such as ‘the
patient can remember appointments made today or yester-
day’ (0: never � 4: repeatedly). The NOSCA has been devel-
oped and validated for elderly patients admitted to geriatric

Table 1. Measurement instrument properties.

Name measurement instrument and
key references Population Setting Observer Observation period Language

Behavioral Assessment Tool for Cognition
and Higher Function (BATCH) (Miller
et al., 2007)

Neuropsychiatric
patients

Inpatient HP 4 days after admission EN

Hoensbroeckse Disability Scale for Brain
Injury (HDSB) (Torenbeek et al., 1998)

Rehabilitation patients
with brain injury

Rehabilitation facility HP N.S. EN, DU

Nurses’ Observation Scale for Cognitive
Abilities (NOSCA) (Persoon et al., 2011)

Geriatric patients Geriatric ward Nurses 2 days EN, DU

Utrecht Scale for Evaluation of
Rehabilitation (USER) (Post et al., 2009)

Patients admitted to
rehabilitation
facilities

Rehabilitation facility HP First and last week
after admission

EN, DU

Population: population for which the instrument was developed; Setting: setting for which the instrument was developed; HP: healthcare professionals; EN:
English; DU: Dutch; N.S.: Not specified.

Table 2. Measurement instrument composition.

Name Cognitive domains covered # items cognition Level of scoring Scale

BATCH Orientation, attention/concentration, personal responsibility,
volition, adaptation, problem-solving/judgement, executive
function, memory, language, and visuospatial function

60 Item Frequency (1 never � 5 always)

HBSH Reproduction, habits, keeping appointments, knowing people’s
names, orientation, awareness of time, attention, insight,
problem handling

13 Domain Level is scored with description
of behavior that belongs to
a score

NOSCA Consciousness, attention, visual perception, orientation, memory,
thoughts, higher cognitive functions, language, praxis

43 Item Consciousness: yes/no
Other domains: frequency (1
never � 4 repeatedly)

USER subscale
cognition

Visual perception, orientation in place and time, attention and
concentration, memory, task execution

5 Domain Task performance (0 with help
� 5 without difficulty,
without aids or adaptations)

BATCH: Behavioral Assessment Tool for Cognition and Higher Function; HDSB: Hoensbroeck Disability Scale for Brain Injury; NOSCA: Nurses’ Observation Scale of
Cognitive Abilities; USER: Utrecht Scale for Evaluating Rehabilitation; MPAI-4: Mayo-Portland Adaptability Inventory; Level of scoring: level of scoring (item: mul-
tiple items per cognitive domain; averaged domain score, domain: single score for the entire cognitive domain).
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wards. In a validation study among this population (n¼ 50),
the total scale showed excellent reliability and satisfactory
validity. Convergent validity of the subscales against meas-
ures of cognition (NOSGER and MMSE) or dementia sever-
ity (Clinical Dementia Rating) ranged from poor to fair,
meaning that it is unclear whether the NOSCA is able to
discriminate between cognitive domains. Divergent validity
with depressive symptoms was confirmed. The Utrecht Scale
for Evaluation of Rehabilitation (USER) (Post et al., 2009) is
an instrument to measure the outcomes of clinical rehabili-
tation and features a concise subscale for the observation of
cognition, covering five domains. A single score is attributed
to each domain, reflecting independence in activities relying
on the particular cognitive function (e.g. needs assistance to
understand verbal and non-verbal information, visually or in
writing). In a sample of rehabilitation inpatients (n¼ 60),
the USER cognition subscale demonstrated excellent inter-
rater reliability and internal consistency. The USER cogni-
tive functioning score was skewed, but it did not show any
floor or ceiling effects. Concurrent validity of total scores
against measures of general functioning (Functional
Independence Measure and Barthel Index) were strong. No
separate information on concurrent or divergent validity
was available for the cognition subscale. Responsiveness of
the cognition subsale was insufficient.

There are important differences with respect to the com-
prehensiveness of the instruments. Some measures, such as
the USER, were developed for screening purposes and there-
fore less informative when it comes to detailed information
about cognition in daily life. Observers give scores per cog-
nitive domain (instead of items within these domains) and
therefore, these measures provide a global estimation of the
concerning domain. They heavily rely on the knowledge of
the healthcare professional regarding the domain, or depend
on the use of a manual describing the typical behaviors that
characterize a certain level of functioning within a cognitive
domain. Notably, there is inconcistency in the domains that
are assessed between the selected measurement instruments.
The apparent interrelatedness of different cognitive domains
and the need to examine single domains in light of other
domains has been acknowledged previously (Harvey, 2019),
however, no consensus exists on the subdomains of which
cognitive functioning is comprised.

In short, we lack widely available, well-validated, and
applicable standardized measurement instruments for the
measurement of cognition in daily life. Therefore, observa-
tion of spontaneous behavior is often performed in an
unstructured way. Measurement of cognition in daily life
could be used in addition to traditional neuropsychological
tests, functional cognition tasks, and questionnaires. In
doing so, it may be possible to more accurately measure
cognitive functions, which will facilitate the prediction of
how a person will perform in everyday functional tasks. If
we want to predict whether someone will be able to return
to their job, we can draw on traditional tests (e.g. a word
learning test) but also our understanding of cognitive
strengths and weaknesses evident in other functional tasks
(e.g. shopping). If we identify cognitive strengths and

weaknesses as they are reflected in functional tasks, then we
can make predictions about performance of many other
everyday tasks and activities. Moreover, as instruments for
cognition in daily life rely on clinician or informal caregiver
observation, they can be used when assessment using other
instruments is unfavorable or impossible.

Recommendations for healthcare professionals and
future research

The expert group emphasized the importance of multidi-
mensional measurement of cognition. Ideally, cognitive func-
tioning is measured by means of a NPA that measures at
impairment and activity as well as participation levels for
accurate diagnostics and prognostics. Furthermore, the level
of performance on tasks of (instrumental) activities of daily
living needs to be assessed in order to evaluate the impact
of cognitive functioning on safe and independent living. In
diagnostic settings, measuring cognition on a broader level
than impairment level can shed light on cognitive problems
that do not (yet) show on cognitive tests, or provide insight
into already acquired compensation strategies. In the case of
dementia, the interference of cognitive problems with daily
life is even one of the diagnostic criteria (McKhann et al.,
2011), demonstrating the need for standardized observation
of this relationship. In the case of evaluating the effective-
ness of cognitive rehabilitation treatment, cognition in daily
life might be the most important outcome. As improvement
at an impairment level is often not expected, we hypothesize
that changes in functioning after cognitive rehabilitation
might best be captured by assessing the ability to manage
the cognitive demands that are associated with everyday
tasks. Moreover, evaluating participation levels as treatment
outcomes might be too ‘distant’ from the proximal treat-
ment effect, as participation can be influenced by a multi-
tude of other factors, such as life events or personal factors
(Anaby et al., 2009; Boosman et al., 2017). When patients
efficiently apply skills and strategies to compensate for any
cognitive impairment, there will be fewer cognitive problems
during everyday tasks. This lessened impact of cognitive
impairment on daily life reflects the ultimate goal of cogni-
tive rehabilitation, and may therefore be the most sensitive
outcome for measuring change after interventions (Cicerone,
2005). In the context of assessing capacity to return home
or to work, multidimensional measurement of cognition
allows linking of impairments at one end of the continuum
to cognitive complaints at the other end, thereby ensuring
the ultimate impact of the cognitive problems is taken into
account. To better understand the impact of cognition in
daily life, clinicians from various disciplines need to join
forces and combine their expertise to meet the complex
needs of these patients.

With respect to measuring cognition in daily life, four
measurement instruments were identified. A comprehensive
measurement instrument with evidence of applicability to all
settings and patient groups that encounter cognitive prob-
lems currently does not seem to exist. Future research could
focus on continuing the search for a comprehensive and
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universal measurement instrument, perhaps initially by
means of a systematic review. Furthermore, the exploration
of expert opinions could be expanded to capture perspec-
tives from a larger number of experts in a wide range of
healthcare disciplines. Alternatively, researchers could focus
on the translation, further development, or wider validation
of an existing tool such as the BATCH (Miller et al., 2007)
or NOSCA (Persoon et al., 2011). Further, the development
of a new measurement instrument could be considered. A
novel instrument could be developed based on step-wise
assessment methods, such as Computerized Adaptive
Testing. These methods allow for measurement of cognitive
problems that range from very light to very severe, thereby
involving items for the observation of behavior outside an
inpatient facility. An example of this technique was applied
in the development of the CAMFC-TBI (category G)
(Donovan et al., 2011). In order to improve multidisciplin-
ary communication, this measurement instrument would
ideally adopt cognitive subdomains as used in NPA and be
used alongside other measurement techniques. In order to
obtain a complete and nuanced image of these cognitive
domains, the domains should be evaluated using multiple
items per domain, which differentiate between the absence
of a problem and not having observed the specific behavior.
In addition, the application of instruments for observing
cognition in daily life should be investigated outside the
clinical setting, for example when an informal caregiver is
responsible for the observation of behavior. Although there
still is little evidence on the usefulness of measuring cogni-
tion using ecological momentary assessment (Verhagen
et al., 2019), the application of these techniques for measur-
ing cognition in real-world settings can be further explored
in the future.

Conclusion

We identified seven categories of instruments for measuring
cognition that can be visualized on a continuum. The con-
tinuum ranges from the measurement of specific cognitive
domains and associated impairment in controlled testing
environments to cognitive functioning as experienced by the
patient in their everyday life. These categories reflect cogni-
tive functioning on different levels of functioning (functions,
activities, participation). In light of the goals of current prac-
tice, measuring cognition in daily life can be considered an
important addition to the range of approaches to measuring
cognition. Four existing measurement instruments that fall
within this category were identified, but these were devel-
oped for screening purposes, or for specific patient popula-
tions. A validated and widely applicable measurement
instrument should become available to enrich diagnostic
practice, shape and evaluate cognitive rehabilitation therapy
more accurately, and assist the estimation of capacity to
return home or to work. In rehabilitation contexts, interdis-
ciplinary expertise on the impact of cognitive functioning
(and dysfunction) on daily life activities needs to be com-
bined to improve clinical decision making and improve care
for people with cognitive problems.
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