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ABSTRACT
Objectives: The main objectives of this study are to identify the dimensions of Ecological Validity
(EV) within the definitions of this concept, understand how they are operationalized in neurocog-
nitive tests, and propose a checklist for EV attributes in neurocognitive tests.
Method: A systematized review was combined with content analysis of the selected papers, using
the inductive method. We analyzed 82 studies on the EV of neurocognitive tests, 19 literature reviews
and 63 empirical studies. Based on this review, we identified the relevant criteria for evaluating EV.
Results: EV is a multidimensional concept with two main dimensions: representativeness and gen-
eralization. Representativeness involves the subdimensions simplicity-complexity and artificial-nat-
ural and several criteria organized on a continuum from low EV to high EV. Generalization is
dependent on representativeness and is influenced by different cognitive and non-cognitive fac-
tors. We propose six stages for operationalizing EV, from defining the objectives of the neurocog-
nitive assessment to the methodology for scoring and interpreting the results.
Conclusion: This systematized review helps to operationalize the concept of EV by providing a tool
for evaluating and improving EV while developing new tests. Further studies with a longitudinal
design can compare the predictive value of tests with higher versus lower EV-checklist scores.

KEY POINTS

� Question: Understand the definition of EV, its dimensions and subdimensions, how EV is opera-
tionalized in neurocognitive tests and propose a checklist for the EV attributes of neurocogni-
tive tests.

� Findings: The primary findings were that representativeness and generalization are the main
dimensions of EV. Representativeness involves several subdimensions, whereas generalization is
dependent on representativeness and is influenced by cognitive and non-cognitive factors. We
provided an EV-checklist organized into six parts.

� Importance: The EV-checklist can be used to guide the development of ecologically valid neuro-
cognitive tests and/or assess the EV of existing ones.

� Next steps: Examine the predictive value of tests that have higher EV-checklist scores.

KEYWORDS
Checklist; content analysis;
ecological validity;
neurocognitive assessment;
systematized review

Introduction

The primary goal of neurocognitive assessment is to improve
the lives of people with neurocognitive disorders (Woods,
2021), regardless of whether the request is to identify cognitive
decline (Silverberg & Millis, 2009), plan neuropsychological
rehabilitation (Zgaljardic et al., 2011), or predict functionality
in daily living, occupational, and community activities
(Holleman et al., 2020; Kibby et al., 1998; Silverberg & Millis,
2009; Tang et al., 2018). However, only about 1% of the studies
published in the main neuropsychology journals over the past

35 years, have focused on the relationship between cognition
and activities of daily living (Woods, 2021). A reason for this
could be that cognitive functioning in everyday life is still
assessed and recorded in an unstructured manner (Domensino
& van Heugten, 2020). Another important factor that may lead
to less research in this field is the controversy surrounding the
ecological validity (EV) of neurocognitive tests, starting with
the lack of consensus regarding the definition of EV and its
operationalization (Aubin et al., 2018; Holleman et al., 2020;
Lewkowicz, 2001; Weber et al., 2019).
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The first definition of the term EV was proposed by
Brunswik (1955), to refer to the conditions that favor the
generalization of results obtained in experimentally con-
trolled situations to natural environments (Tupper &
Cicerone, 1990). Later, the EV concept was defined as the
functional and predictive relationship between individuals’
performance in neurocognitive assessment and their behav-
ior in real-world environments (Sbordone, 1996). Even
though the argument of the need for an ecological model of
neuropsychology dates back to 1990 (Tupper & Cicerone,
1990), researchers rarely explain what they mean by the
term and what criteria are used to establish higher EV
(Holleman et al., 2020). Among the most cited approaches
to establishing the EV of neurocognitive assessment meas-
ures are verisimilitude and/or veridicality.

According to Franzen and Wilhelm (1996), verisimilitude
refers to the degree to which the cognitive requirements of a
neurocognitive test resemble the requirements found in the
person’s daily living environment (Chaytor & Schmitter-
Edgecombe, 2003; Spooner & Pachana, 2006). In turn,
veridicality refers to the degree to which existing neurocog-
nitive tests empirically relate to measures of daily functional-
ity, i.e., to their ability to predict the individuals’
functionality in daily living (Chaytor & Schmitter-
Edgecombe, 2003; Franzen & Wilhelm, 1996; Spooner &
Pachana, 2006). In addition, Parsons (2011) proposed four
criteria to ensure the EV of neurocognitive tests: (a) corres-
pondence—tasks should correspond to relevant aspects of
real-world activities and environments; (b) representative-
ness—tasks should be representative of the population for
whom they were developed, considering their cultural know-
ledge; (c) expedience—the domains assessed should have
practical implications for functioning in daily activities; (d)
relevance—the outcome measures should be relevant to the
domain being assessed.

Given the relevance of EV in neuropsychology, several
literature reviews have been developed to systematize the
available knowledge in terms of the: (a) concept of EV
(Lewkowicz, 2001) and its dimensions (Schmuckler, 2001);
(b) criticisms regarding the concept of EV (Holleman et al.,
2020); (c) EV of neuropsychological measures (Barkley,
1991; Chaytor & Schmitter-Edgecombe, 2003; Olson et al.,
2013; Poletti, 2010; Romero-Ayuso et al., 2019; Silver, 2000;
Spooner & Pachana, 2006; Wallisch et al., 2018; Weber
et al., 2019; Wilson, 1993); (d) processes and approaches
used in the development of tests with good EV for the
evaluation of executive functions (Burgess et al., 2006;
Parsons et al., 2015); (e) role of the representativeness of the
tasks in EV (Dhami et al., 2004); (g) potential of virtual real-
ity to increase EV in cognitive, clinical, affective, and social
neurosciences (Parsons, 2011, 2015); and (f) role of multi-
sensory integration in EV (De Gelder & Bertelson, 2003).

Previous studies have highlighted the need for an object-
ive and operational definition of the EV concept, thus ena-
bling the evaluation of tests and their stimuli or tasks as
more or less ecologically valid (Lewkowicz, 2001) and serv-
ing as a guide for developing, conducting, and interpreting
research in the field of neuropsychology (Schmuckler, 2001).

To our knowledge, this is the first article that combines a
systematized review, aimed at identifying studies that focus
on the analysis of EV in neurocognitive assessment, with a
qualitative content analysis of the identified studies. The
content analysis was intended to: (a) understand how the
concept of EV is defined; (b) identify its underlying dimen-
sions and subdimensions; and (c) understand how it is oper-
ationalized in neurocognitive tests. Based on the results of
the systematized review and content analysis, this study also
aimed to propose a checklist for assessing the EV of neuro-
cognitive tests. The following questions guided this system-
atized review:

Question 1: How is EV defined in neuropsychology?

Question 2: What are the dimensions and subdimensions
underlying the concept of EV?

Question 3: Which outcome measures are more commonly used
to assess EV?

Question 4: What are the factors with a potential impact on the
EV of a neurocognitive test?

Question 5: What are the stages and procedures involved in the
development of neurocognitive tests with higher EV?

Method

A systematized review was performed to provide a basis for
further analyses, as suggested by Grant and Booth (2009),
and to find responses to the above-mentioned questions. It
is worth noting that systematized reviews include several ele-
ments of a systematic review (see Preferred Systematic
Review and Meta-analysis, PRISMA; Moher et al., 2009;
Page et al., 2021), but not all requirements of the latter are
met (Grant & Booth, 2009).

Research strategy

This systematized review involved a systematic search of
papers on the topic of EV in PubMed and in the databases
included in EBSCO, namely PsycInfo, PsycArticles, and
Psychology and Behavioral Sciences Collection, followed by
coding and analysis of the results in a systematic manner
(Grant & Booth, 2009). The search expression included the
term “ecological valid�” in titles.

Study selection

The criteria for selecting the studies were: (a) empirical
studies on the EV of neurocognitive tests; and (b) reviews
on the EV of neurocognitive tests. We applied no con-
straints regarding date of publication, but excluded studies
(a) written in a language other than English, (b) outside the
field of neuropsychology, (c) assessing social cognition, (d)
not presenting relevance to the topic, (e) consisting of sec-
ondary literature, such as books, book chapters, disserta-
tions, or thesis, and (f) involving animal models.

After eliminating duplicates, the studies were selected by
a reviewer based on the reading of the abstracts.
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Content analysis

A content analysis was performed on the selected studies,
following a data-driven approach, according to the inductive
model. The unit of analysis was the phrase. As proposed by
Mayring (2014), two reviewers performed the stages of the
inductive model for the development of categories, namely:
(1) formulation of the research questions and description of
the theoretical framework; (2) definition of categories and
level of abstraction; (3) coding the entire text line-by-line,
except for the results, as we did not intend to report quanti-
tative data or the effect of different variables; (4) review of
the categories formed after coding 50% of the texts; (5) final
coding of all material according to the same rules (defined
categories and level of abstraction); (6) organization of the
main categories by grouping the previous ones or building
new categories to answer the research questions; (7) assess-
ment of intra-coding agreement; and (8) presentation of
results. A peer agreement was reached after the fifth stage.

Results

A total of 455 articles were identified in the selected data-
bases (EBSCO n¼ 317; PubMed n¼ 138). Seven articles were
found by manual search in the databases described above
and from the references of the selected publications. After
excluding duplicates, we analyzed the titles and abstracts of
344 papers. A total of 258 articles were excluded for the fol-
lowing reasons: (a) a field of study other than neuropsych-
ology (n¼ 129); (b) dissertations/thesis (n¼ 43); (c) books
or book chapters (n¼ 35); (d) unrelated to the topic
(n¼ 33); (e) type of paper other than empirical study or
review (n¼ 15); (f) did not involve human samples (n¼ 1);
(g) articles were not found (n¼ 2).

After reading the full text, ten articles were excluded for
the following reasons: (a) type of paper other than empirical
study or review (n¼ 1); (b) unrelated to the topic (n¼ 8);
(c) study of a neurocognitive assessment instrument without
evaluation of its EV (n¼ 1). Thus, 83 articles remained for
analysis. The text of these articles was exported to
webQDA—Qualitative Data Analysis Software (Sousa et al.,
2019) and subjected to content analysis.

Study characteristics

The studies were published in 45 different journals. The
journals with the highest number of records were Archives
of Clinical Neuropsychology (n¼ 10) and the Journal of the
International Neuropsychological Society (n¼ 9).

Of the 83 articles reviewed, 63 were empirical studies
(76%), 19 literature reviews (23%), and one was a theoretical
article presenting a methodology for assessing the EV of
neurocognitive tests (1%).

The participants were adults in most studies (n¼ 45,
71%). A smaller percentage focused solely on the elderly
(n¼ 13, 21%) and children (n¼ 4, 6%). The authors of one
study did not specify the age of the participants. Most stud-
ies focused on clinical samples, especially with neurological

pathology (n¼ 44, 70%), with acquired brain injury being
the most studied pathology (n¼ 20, 32%). Only 18 (29%)
studies recruited healthy and/or community samples (see
Supplemental Material).

Response to the research questions

How is EV defined in neuropsychology?
Through the inductive content analysis, we identified four
key concepts used to define EV: (a) representativeness
(Alderman et al., 2003; Aubin et al., 2015; Barkley, 1991;
Burgess et al., 2006; Campbell et al., 2009; Chaytor and
Schmitter-Edgecombe, 2003; Schmuckler, 2001; Solanto
et al., 2001; Wallisch et al., 2018; Wilson, 1993); (b) gener-
alization (Aubin et al., 2015; Burgess et al., 2006; De
Gelder and Bertelson, 2003; Hoc, 2001; Krishna et al.,
2016; Owen et al., 2004; Parsons, 2015; Poletti, 2010;
Schmuckler, 2001; Wallisch et al., 2018; Weis & Totten,
2004; Yantz et al., 2010); (c) prediction (Alderman et al.,
2003; Azouvi et al., 2014; Barkley, 1991; Bowman, 1996;
Bromley et al., 2012; Burgess et al., 2006; Campbell et al.,
2009; Chaytor et al., 2007; Cuberos-Urbano et al., 2013;
Davies et al., 2011; Drozdick & Cullum, 2011; Farias et al.,
2003; Farley et al., 2011; Gioia, 2009; Gioia & Brekke,
2009; Groth-Marnat & Teal, 2000; Groth-Marnat & Baker,
2003; Higginson et al., 2000; Holleman et al., 2020;
Kieffaber et al., 2007; Maeir et al., 2011; Mitchell & Miller,
2008; Odhuba et al., 2005; Owen et al., 2004; Pezzuti et al.,
2013; Phillips et al., 2006; Poletti, 2010; Possin et al., 2014;
Price et al., 2003; Ready et al., 2001; Renison et al., 2012;
Silverberg and Millis, 2009; Solanto et al., 2001; Spooner
and Pachana, 2006; Temple et al., 2009; Thornton et al.,
2010; van der Elst et al., 2008; Verdejo-Garcia et al., 2006;
Weis & Totten, 2004; Wilson, 1993; Wood and Liossi,
2006; Yantz et al., 2010; Ziemnik & Suchy, 2019); and (d)
transfer (Hoc, 2001) (see Supplemental Material).

While representativeness refers to the correspondence
between the form and context of the assessment and the situa-
tions in natural contexts (Burgess et al., 2006), generalization
concerns the degree to which performance on a neurocogni-
tive test can be predictive of the behavior in natural environ-
ments (Burgess et al., 2006). Thus, the term prediction can be
conceived as representing the same phenomenon as general-
ization (Burgess et al., 2006). The concept of transfer seems to
be intrinsically associated with the goals of traditional neuro-
cognitive tests, assuming that such tests represent artificial sit-
uations, and their results need to be transferred to real-word
situations, defined as natural (Hoc, 2001).

Summing-up, given that prediction and transfer can be
dismissed, it seems reasonable to conclude that the main
dimensions of EV are representativeness and generalization.

What are the dimensions and subdimensions underlying
the concept of EV?
According to the studies reviewed, EV varies along a con-
tinuum from weak to high representativeness of the behav-
iour in the real world (Barkley, 1991). EV is presumed to be
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weaker when artificial situations and simple environments
are used, and to increase when natural situations and com-
plex environments are used (Holleman et al., 2020).
Therefore, at least two subdimensions may be considered in
the dimensional analysis of representativeness: (a) simpli-
city-complexity (Holleman et al., 2020); (b) artificial-natural
(Gioia, 2009; Helmstaedter et al., 1998; Holleman et al.,
2020; Parsons, 2015). Generalization is influenced by repre-
sentativeness and has no subdimensions, although it
depends on cognitive and non-cognitive factors, as explained
later in this review.

Which outcome measures are more commonly used to
assess EV?
Regarding outcome measures, the authors mostly used self-
and/or other-report measures to evaluate EV (Adjorlolo,
2016; Alderman et al., 2003; Benge et al., 2020; Burgess et al.,
1998; Chaytor et al., 2006, 2007, 2020; Cuberos-Urbano
et al., 2013; Davies et al., 2011; Dawson et al., 2009; Drozdick
& Cullum, 2011; Farias et al., 2003; Gioia & Brekke, 2009;
Goodman & Zarit, 1995; Higginson et al., 2000; Kibby et al.,
1998; Kieffaber et al., 2007; Norris and Tate, 2000; Odhuba
et al., 2005; Renison et al., 2012; van der Elst et al., 2008; Wen
et al., 2006; Wood and Liossi, 2006). The most frequently
reported were derived from the Dysexecutive Questionnaire
(Wilson et al., 1996), although self-report and/or informant
report variations were used (see Supplemental Material).

The statistical methods used to assess EV were not con-
sensual. While most studies combined correlations and
regressions (n ¼ 26; 41%), one study using structural equa-
tion models recognized this procedure as promising for the
development of a theoretical model of EV for neurocognitive
tests (Kieffaber et al., 2007).

What are the factors with a potential impact on the EV of
a neurocognitive test?
According to the studies reviewed, there are different factors
that add variation in the representativeness and/or general-
ization (thus, in EV) of a given test in different samples and
circumstances, using the same outcome measure (Chaytor
and Schmitter-Edgecombe, 2003; Chaytor et al., 2006, 2007).

The level of representativeness depends on the criteria
related to: (a) setting (Barkley, 1991; Bromley et al., 2012;
Burgess et al., 2006; Campbell et al., 2009; Dawson et al.,
2009; Faith & Rempfer, 2018; Gioia, 2009; Helmstaedter
et al., 1998; Holleman et al., 2020; Lewkowicz, 2001; Norris
and Tate, 2000; Owen et al., 2004; Parsons, 2015; Phillips
et al., 2006; Rumpf et al., 2019; Schmuckler, 2001; van der
Ham et al., 2015); (b) task (Bromley et al., 2012; Burgess
et al., 2006; Dawson et al., 2009; Faith & Rempfer, 2018;
Gioia & Brekke, 2009; Holleman et al., 2020; Owen et al.,
2004; Parsons, 2015; Phillips et al., 2006; van der Ham et al.,
2015; Weber et al., 2019; Wilson, 1993); (c) stimuli (Dhami
et al., 2004; Holleman et al., 2020; Lewkowicz, 2001;
Parsons, 2015; Schmuckler, 2001); and (d) assessed behav-
ioural response (Holleman et al., 2020; Lewkowicz, 2001;
Schmuckler, 2001). For example, a more natural setting,

with complex tasks and stimuli, which requires learning or
applying a behaviour that can be used by the individual in
real life, favours EV.

The factors with potential impact on the EV of a neurocog-
nitive test were categorized into cognitive and non-
cognitive factors (Chaytor and Schmitter-Edgecombe, 2003,
Chaytor et al., 2006), either with the potential to increase or
decrease EV. The inductive analysis allowed us to identify the
following non-cognitive factors that may have an influence on
EV: (a) task-related factors (Aubin et al., 2015; Chaytor and
Schmitter-Edgecombe, 2003; Chaytor et al., 2006, 2007;
Cuberos-Urbano et al., 2013; Davies et al., 2011; Farias et al.,
2003; Gioia & Brekke, 2009; Horan et al., 2020; Lewkowicz,
2001; Norris and Tate, 2000; Olson et al., 2013; Paiva et al.,
2016; Parsons, 2015; Pezzuti, et al. 2013; Phillips et al., 2006;
Renison et al., 2012; Rumpf et al., 2019; Thornton et al., 2010;
van der Ham et al., 2015; Wilson, 1993); (b) sample-related
factors (Bowman, 1996; Bromley et al., 2012; Chaytor and
Schmitter-Edgecombe, 2003; Chaytor et al., 2006; Farias et al.,
2003; Olson et al., 2013; Pezzuti et al., 2013; Price et al., 2003;
Ready et al., 2001; Renison et al., 2012; van der Elst et al.,
2008; Wood and Liossi, 2006; Ziemnik & Suchy, 2019;
Zgaljardic et al., 2011); (c) patient-related factors (Aubin et al.,
2015; Azouvi et al., 2014; Bowman, 1996; Chaytor and
Schmitter-Edgecombe, 2003; Chaytor et al., 2006, 2007;
Dubreuil et al., 2007; Farias et al., 2003; Farley et al., 2011;
Kibby et al., 1998; Maeir et al., 2011; Olson et al., 2013;
Pezzuti et al., 2013; Phillips et al., 2006; Price et al., 2003;
Ready et al., 2001; Renison et al., 2012; van der Elst et al.,
2008; Wilson, 1993; Wood and Liossi, 2006; Zgaljardic et al.,
2011); (d) informant-related factors (Chaytor and Schmitter-
Edgecombe, 2003; Renison et al., 2012); and (e) other factors
(Chaytor and Schmitter-Edgecombe, 2003; Chaytor et al., 2007;
Lippa et al., 2014) (see Table 1).

Considering the different factors with potential impact
on EV, the controversy and disagreement about EV
(Kvavilashvili & Ellis, 2004) seem to be related to the need
for the individualization of assessment to ensure adequate
EV. Specifically, EV refers us to cognitive instrumental activ-
ities of daily living that may become more complex as the
cognitive demands of the individual’s environment increase.
Furthermore, similar to neurocognitive training that usually
includes activities with increasing complexity, it would be
beneficial for EV if neurocognitive tests also included tasks
or items with different levels of difficulty, ensuring the cor-
respondence between the cognitive demand of the test and
the cognitive demand of the environment in which the
person functions, as advocated in several studies reviewed
(Aubin et al., 2018; Chaytor et al., 2006; Chaytor &
Schmitter-Edgecombe, 2003). Both cognitive and non-cogni-
tive factors have the potential to impact the generalization
of test results and, consequently, their EV.

What are the stages and procedures involved in the
development of neurocognitive tests with higher EV?
Although none of the studies reviewed mentioned the main
stages and procedures involved in the development of eco-
logically valid tests, they provide several important
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considerations on this issue, which should be taken into
account. These considerations cover relevant aspects to
keep in mind when developing tests with higher EV and
focus on: (a) objectives of neurocognitive assessment;
(b) assessment contexts; (c) types and formats of neurocog-
nitive tests; (d) approaches to develop neurocognitive tests;
(e) approaches to establish the EV of neurocognitive meas-
ures; and (f) approaches to score and interpret the results
of neurocognitive tests. These aspects are discussed in
more detail below.

Objectives of neurocognitive assessment. Given that EV
implies the generalization of results, it is essential to con-
sider the objectives of the assessment to be performed (Hoc,
2001). According to the content analysis, the main objectives
of neurocognitive assessment are to: (a) diagnose and local-
ize brain injury (Adjorlolo, 2016; Chaytor & Schmitter-
Edgecombe, 2003, 2007; Kibby et al., 1998; Lippa et al.,
2014; Owen et al., 2004; Parsons, 2015; Spooner & Pachana,
2006; van der Elst et al., 2008; Weber et al., 2019; Wen et
al., 2006; Yantz et al., 2010; Zgaljardic et al., 2011); (b) iden-
tify cognitive decline (Silverberg & Millis, 2009); (c) guide
neuropsychological rehabilitation planning (Zgaljardic et al.,
2011); and (d) predict functionality, i.e., understand human
cognition and behaviour in the “real world”, namely in
activities of daily living, occupational activities, and active
participation in the community (Faith & Rempfer, 2018;
Gioia, 2009; Gioia & Brekke, 2009; Holleman et al., 2020;
Kibby et al., 1998; Parsons, 2015; Silverberg & Millis, 2009;
Tang et al., 2018; Weber et al., 2019). The last objective is
the simplest for establishing and obtaining good EV.

Assessment contexts. The assessment contexts identified in
the content analysis, ranked from least to most favourable to
EV, are: (a) experimental/lab-based (Barkley, 1991; Burgess
et al., 2006; Gioia, 2009; Gioia & Brekke, 2009; Helmstaedter
et al., 1998; Holleman et al., 2020; Norris & Tate, 2000; Owen
et al., 2004; Parsons, 2015; Phillips et al., 2006; Rumpf et al.,
2019); (b) hybrid, integrating virtual elements into a natural
environment (van der Ham et al., 2015); (c) clinical (Burgess
et al., 2006; Owen et al., 2004); (d) virtual reality (Campbell
et al., 2009; Holleman et al., 2020; van der Ham et al., 2015);
and (e) naturalistic/real-world (Barkley, 1991; Bromley et al.,
2012; Dawson et al., 2009; Faith & Rempfer, 2018; Gioia, 2009;
Holleman et al., 2020; Norris & Tate, 2000; Parsons, 2015;
Phillips et al., 2006; van der Ham et al., 2015).

The EV of a test is assumed to be higher when conducted
in a natural environment/real-world setting, compared to
experimental settings and natural-like settings (Gioia, 2009;
Holleman et al., 2020; Norris & Tate, 2000; Parsons, 2015),
but VR can be used to ensure standardization. Individuals’
familiarity with assessment settings contributes to increased
EV and appears to be high in virtual reality settings (Parsons,
2015). For example, a supermarket may be chosen as an
assessment setting to ensure that such environment is similarly
familiar or unfamiliar to all participants (Aubin et al., 2015).

Types and formats of neurocognitive tests. Instruments of
different types and formats, ranging from least to most
favourable to EV, emerged from the content analysis,
depending on the objectives of the neurocognitive assess-
ment: (a) conventional/traditional/laboratory-based paper-
and-pencil tests (Azouvi et al., 2014; Barkley, 1991;

Figure 1. Operationalization stages of the EV.
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Campbell et al., 2009; Chaytor et al., 2006; Cuberos-
Urbano et al., 2013; Dawson et al., 2009; Drozdick &
Cullum, 2011; Dubreuil et al., 2007; Farley et al., 2011;
Gioia, 2009; Goodman & Zarit, 1995; Helmstaedter et al.,
1998; Maeir et al., 2011; Parsons, 2015; Spooner &
Pachana, 2006; Thornton et al., 2010; Wilson, 1993); (b)
computerized tests (Kieffaber et al., 2007; Lippa et al.,
2014; Phillips et al., 2006; Rumpf et al., 2019); (c) subject-
ive tests - self-report and informant-report measures, clin-
ical assessments, behaviour observation in simulations of
daily life tasks, or direct observation in natural environ-
ments (Chaytor et al., 2007; Maeir et al., 2011; Possin et
al., 2014); (d) tests using virtual reality (Aubin et al., 2015;
Campbell et al., 2009; Horan et al., 2020; Parsons, 2015;
Renison et al., 2012; van der Ham et al., 2015); and (e) per-
formance-based naturalistic tasks (Dawson et al., 2009;
Faith & Rempfer, 2018; Kenney et al., 2019; Lippa et al.,
2014; Yantz et al., 2010).

The evaluation types also influence the EV and were fur-
ther categorized by Chaytor and Schmitter-Edgecombe (2003)
into (a) intentional and (b) incidental. Intentional evaluation
involves deliberate effort to encode the stimuli and is consid-
ered a more efficient way to retain information; however, it is
more attention and executive control demanding
(Helmstaedter et al., 1998). Evaluation is said to be incidental
when no deliberate effort is required to memorize the primary
or content-related information (e.g., asking to copy a picture
and unexpectedly asking for its drawing from memory), as
well as the secondary or contextual information about the cir-
cumstances under which an event took place (i.e., location,
date, people present, etc.) and the characteristics of the stimuli
presented (i.e., sensory modality, spatial and temporal location,
etc.) (Helmstaedter et al., 1998).

Approaches to develop neurocognitive tests. According to
the content analysis, two main approaches can be fol-
lowed for the development of neurocognitive tests: (a)
construct-driven (Burgess et al., 2006; Parsons, 2015;
Schmuckler, 2001; Wilson, 1993); and (b) function-led
(Burgess et al., 2006; Parsons, 2015; Thornton et al., 2010;
Wilson, 1993; Ziemnik & Suchy, 2019). While tests devel-
oped according to the construct-driven approach aim to
assess constructs (e.g., working memory) without consid-
ering their ability to predict behavioral functionality
(Parsons, 2015), tests developed according to the func-
tion-led approach aim to assess functionality (i.e., directly
observable everyday behaviors) by analyzing the sequences
of actions that trigger a given behavior in normal func-
tioning, as well as possible changes in behavior. Although
both approaches are useful for different purposes, func-
tion-led approach is considered more ecologically valid, as
long as the tests are representative of real-world functions
and allow for generalizable results as well as better
predictions about functional performance in a variety of
situations (Burgess et al., 2006; Parsons, 2015).

Approaches to establish the EV of neurocognitive measures.
Verisimilitude and/or veracity (for definition see intro-
duction) were the two approaches identified in the con-
tent analysis to establish the EV of neurocognitive
measures (Aubin et al., 2015; Bromley et al., 2012;
Chaytor & Schmitter-Edgecombe, 2003; Davies et al.,
2011; Faith & Rempfer, 2018; Farley et al., 2011; Gioia
& Brekke, 2009; Horan et al., 2020; Owen et al., 2004;
Parsons, 2015; Poletti, 2010; Price et al., 2003; Renison
et al., 2012; Spooner & Pachana, 2006; van der Elst et

Figure 2. Approaches to establish EV.
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al., 2008; Wallisch et al., 2018; Weber et al., 2019;
Wood & Liossi, 2006; Yantz et al., 2010; Ziemnik &
Suchy, 2019; Zgaljardic et al., 2011). The isolated use of
the verisimilitude approach has been criticized for its
lack of empirical rigor (Chaytor & Schmitter-
Edgecombe, 2003). Regarding veracity, the main criti-
cism is the difficulty in proving the EV of existing tests
that were not developed for this purpose (Chaytor &
Schmitter-Edgecombe, 2003).

Approaches to scoring and interpreting the results of neuro-
cognitive tests. When it comes to scoring and interpreting test
results, two approaches emerged from the content analysis: (a)
process-based approach (Cuberos-Urbano et al., 2013; Davies
et al., 2011; Dawson et al., 2009); and (b) score-based approach
(Silverberg & Millis, 2009; van der Elst et al., 2008).

The process-based approach emphasizes the analysis of
errors and strategies used during task performance
(Alderman et al., 2003; Cuberos-Urbano et al., 2013; Davies
et al., 2011; Owen et al., 2004), as it is assumed that the ana-
lysis of qualitative aspects underlying test performance is
essential for an ecologically valid interpretation of the results
(van der Elst et al., 2008).

Within the score-based approach, we can differentiate three
procedures: (a) adjusted score interpretation (Silverberg &
Millis, 2009); (b) absolute score interpretation (Silverberg &
Millis, 2009); (c) composite score interpretation (Silverberg &
Millis, 2009). The adjusted score contrasts the absolute results
obtained in the test with the expected results according to the
premorbid level (depending on age, education, and other varia-
bles that contribute to this prediction), and is assumed by
Silverberg and Millis (2009) to be the best option when the
objective of the assessment is to identify cognitive decline
(Silverberg & Millis, 2009). However, when the objective is to
determine whether the person’s cognitive abilities are sufficient
to cope with the demands of functional tasks (e.g., instrumen-
tal activities of daily living), the best option, according to the
same authors, is to compare the results obtained with those of
a healthy population (Silverberg & Millis, 2009), i.e., a norma-
tive sample. Composite results are characterized by a combin-
ation of scores obtained in different tests and have been
advocated by van der Elst et al. (2008) as a more ecologically
valid approach compared to the interpretation of results
obtained in single neuropsychological tests (van der Elst et al.,
2008). The option that allows for higher EV is to use a pro-
cess-based approach and a scoring-based approach based on a
composite analysis of absolute scores.

Proposal of a theoretical framework to analyze EV
in the context of neuropsychological assessment

Based on the reviewed literature and its considerations about
the EV of neurocognitive tests, we propose six stages for the
operationalization of EV (see Figure 1). Importantly, these
stages can be considered either in the development of neu-
rocognitive tests, to improve EV, or in the analysis of the
EV of existing tests.

Stage 1: Defining the objectives of neurocognitive
assessment

It is difficult to make inferences about domains as diverse as
activities of daily living, occupational activities, and commu-
nity functioning from neurocognitive tests. The objectives of
tests to predict functionality in these domains should be dir-
ectly related to the tasks of the test. For example, if the aim
of the assessment is to analyze individual responses to
unfamiliar situations, the experimental setting may be
appropriate; but if the aim is to understand how individuals
behave at home, the experimental setting may not be the
most appropriate (Holleman et al., 2020).

Stage 2: Defining the context of neurocognitive
assessment

Tests in natural environments have been advocated as more
ecologically valid (Bromley et al., 2012; Gioia, 2009), but the
decision about the context depends on the assessment
objectives.

Stage 3: Defining the type of test

The relevance of studying the EV of incidental evaluation
has been suggested in addition to formal tests.
This suggestion is based on the idea that in everyday life we
use, for example, incidental memory more often than we
undertake efforts to retain facts or events (Vingerhoets
et al., 2005).

Stage 4: Selecting the underlying approach to test
development

Starting with a function-led approach, followed by a con-
struct-driven approach, to the development of the test seems
to be the best method to enhance EV (Burgess et al., 2006).

Stage 5: Selecting the approach to establish EV

A combination of both verisimilitude and veracity
approaches, favoring representativeness and generalization,
seems to allow for a more accurate assessment of the EV of
neurocognitive tests than using only one of these
approaches, given that none of them is free from criticism
(Holleman et al., 2020; Kibby, 1998; Silverberg & Millis,
2009; Tang et al., 2018). However, verisimilitude or veridi-
cality are very simple and superficial approaches that did
not provide specific criteria to establish EV, namely for set-
ting and stimuli. Thus, our proposal is to consider the crite-
ria of representativeness and the impact of cognitive and
non-cognitive factors on generalization (see Figure 2).

Establishing representativeness entails taking into consid-
eration: (a) the setting of the test—continuum between
experimental and natural/real world; (b) the task or tasks—
continuum between simplicity and complexity; (c) the
stimuli—continuum between artificial and natural; (d) the
assessed behavioral responses—continuum between
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unlearned behavioral responses and responses present in the
person’s premorbid repertoire, as well as between the cogni-
tive requirements of the test and the cognitive requirements
of the person’s daily living environment; the more one
resembles the other, the better.

The EV of a test is assumed to be higher when conducted
in a natural environment/real world setting, compared to
experimental and natural-like settings (Gioia, 2009; Holleman,
2020; Norris & Tate, 2000; Parsons, 2015), but VR can be
used to ensure standardization. Individuals’ familiarity with
assessment settings contributes to increased EV and appears
to be high in virtual reality settings (Parsons, 2015). For
example, a supermarket may be chosen as an assessment set-
ting to ensure that such environment is similarly familiar or
unfamiliar to all participants (Aubin et al., 2018). Although
the use of naturalistic settings is a relevant aspect to increase
EV, their selection should be guided by theoretical considera-
tions about the goal of the assessment. For example, if the
aim of the assessment is to analyze individual responses to
unfamiliar situations, the experimental setting may be appro-
priate; but if the aim is to understand how individuals behave
at home, the experimental setting may not be the most
appropriate (Holleman et al., 2020).

Regarding the task, on the one hand, we may have simple
tasks, which represent single cognitive processes, but do not
capture the full complexity of human behavior and, there-
fore, have a lower EV (Holleman et al., 2020); on the other
hand, multitasking, which has different underlying cognitive
functions (Romero-Ayuso et al., 2019), making it difficult to
evaluate them separately, has higher EV. According to this
perspective, we propose to assess task-complexity according
to: (a) the activities assessed, on a continuum between gen-
eral instrumental activities of daily living, on one side, and
cognitive instrumental activities of daily living, on the other;
and (b) single task versus multitasking.

As far as stimuli are concerned, EV can be analyzed on
an artificial-natural continuum. The concept of artificial
refers us to stimuli specifically designed for research, while
natural stimuli are those that are part of the real world
(Hoc, 2001). The use of natural, multisensory stimuli is
assumed to be more ecologically valid (De Gelder &
Bertelson, 2003; Parsons, 2015). Three-dimensional
(Lewkowicz, 2001; Rumpf et al., 2019), dynamic (Parsons,
2015), and contextual stimuli (Holleman et al., 2020;
Lewkowicz, 2001; Parsons, 2015; Schmuckler, 2001) were
found to have greater EV than two-dimensional, static, and
non-contextual stimuli. Furthermore, since distractions are
present in daily life, introducing distractors also increases
EV, while reducing the artificiality of assessment situations
(Davies et al., 2011; Farley et al., 2011; Gioia, 2009; Olson
et al., 2013; Parsons, 2015).

For a test to allow sound inferences about individuals’
functionality in their activities, the targeted behavioral
responses should be part of individuals’ repertoire (e.g., in a
case of a person who never went to a supermarket, a shop-
ping task has low EV, because it is not informative about
changes in his or her cognitive performance and has poor
generalization). Therefore, a test will have greater EV if the

behavioral responses to the tasks used can be generalized to
cognitive instrumental activities of daily living, and the cog-
nitive requirements of the tasks should resemble the require-
ments found in the person’s daily living environment
(Franzen & Wilhelm, 1996).

Stage 6: Defining scoring approaches and developing
an interpretation rationale

The process-based approach has the potential to ensure
higher EV, because it allows for the perception that other
implicit functions may be influencing task performance. For
example, difficulties in reading, comprehension, calculation,
or naming may impact performance in memory or executive
functioning tests. The process-based approach also considers
the familiarity with the task and its complexity, recognizing
the role of compensatory strategies that have been reported
in different studies as a factor impacting EV (e.g., Farley
et al., 2011). Furthermore, using a scoring-based approach
based on a composite analysis of absolute scores seems to
increase EV.

Summing-up, based on the previous stages, it is assumed
that a test has higher EV as more characteristics of the right
side of Figures 1 and 2 are reached.

Proposal of a checklist to evaluate the ecological
validity of neurocognitive tests

Many criteria and checklists have been developed over the
years to analyze the quality of psychological tests (Cizek
et al., 2016; Evers, 2001; Evers et al., 2010, 2013; Lindley
et al., 2008). Indices for analyzing construct and criterion
validity are commonly described in these checklists, but
none included indices about EV. Thus, below we propose a
checklist that can be used to guide the development of neu-
rocognitive tests with higher EV and/or to assess the EV of
existing tests.

The general structure of the checklist was inspired by the
checklist for evaluating credentialing testing programmes
(Cizek et al., 2016), the Revised Dutch Rating System for
Test Quality (Evers, 2001; Evers et al., 2010), the European
Federation of Psychologists’ Associations review model for
the description and evaluation of psychological and educa-
tional tests (EFPA; Evers et al., 2013; Lindley et al., 2008),
the Standards for educational and psychological testing of
the American Educational Research Association (2014), the
Guidelines for Test Adaptation (Hambleton, 2005), and the
Guidelines on Computer-Based and Internet-Delivered
Testing of the International Test Commission (2006).

The checklist has six parts: (a) test development; (b) test
administration; (c) evidence of ecological validity; (d) scor-
ing and reporting; (e) specific criteria for technological-
based tests; and (f) additional information. The criteria are
intentionally simple, allowing for the evaluation of EV using
the standard rating system of the EFPA (see checklist in the
Supplemental Material). This system comprises the following
classifications for test attributes: “n/a” is used when the
attribute does not apply to the instrument; “–2” is used
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when no rating is possible or not enough information about
the attribute is provided; “–1” is used for inadequate attrib-
utes; “0” for adequate or reasonable attributes; “1” for good
attributes; and “2” for excellent attributes (Bartram, 2011).

Part 1. Test development

Theoretical basis of the test
Among the neurocognitive assessment goals, the one that
is most closely related to EV is the prediction of function-
ality in instrumental cognitive activities in daily life, occu-
pational and/or community activities, ensuring better
generalization [see criterion 1.1.1 of the checklist in
appendix (Supplemental Material)] (American Educational
Research Association, 2014; Cizek et al., 2016; Holleman
et al., 2020; Kibby et al., 1998; Silverberg & Millis, 2009;
Tang et al., 2018).

Regarding the approach to be followed for developing
tests with good generalization and also representativeness
potential, the best options are to define the directly observ-
able everyday behaviors to be assessed (function-led) and
then identify the constructs to be assessed (construct-driven)
[criterion 1.1.2] (Burgess et al., 2006).

It is critical to clearly identify the instrumental cogni-
tive behaviors/activities of daily living to be predicted
[criterion 1.1.2.1]. A good strategy for ensuring criterion
1.1.2.1 compliance may be to focus on the different
instrumental activities of daily living proposed by the
American Association of Occupational Therapy (AOTA,
2014), in adult assessment, and on the activities listed in
the International Classification of Functioning, Disability
and Health (World Health Organization, 2013), in child
assessment. Furthermore, it is important to ensure that
the assessed construct is implied in the predicted instru-
mental cognitive behaviors/activities of daily living [criter-
ion 1.1.2.2], as defined in 1.1.2.3 of the checklist
(Supplemental Material).

With respect to the construct-driven approach, the cogni-
tive function(s) targeted for assessment should have practical
implications for functionality in the instrumental cognitive
activities of daily living to be predicted (Parsons, 2011), and
should be described in a detailed and bounded manner [cri-
terion 1.1.2.3] (American Educational Research Association,
2014). For example, in the case of a test designed to assess
executive functioning, the executive function(s) to be
assessed (e.g., inhibitory control) must be specified.
According to Chaytor and Schmitter-Edgecombe (2003), the
lack of agreement among researchers on the constructs to be
assessed with the different tests compromises their EV. In
this regard, sources of variation in performance should be
identified, particularly cognitive functions that underlie task
performance but are not the focus of the assessment [criter-
ion 1.1.2.4]. Criterion 1.1.2.4 is justified by three reasons: (a)
interdependence between cognitive functions (Luria, 1976);
(b) impossibility of considering cognitive functions in isola-
tion when it is intended to make predictions about func-
tional cognition (Chaytor & Schmitter-Edgecombe, 2003);
(c) as most instrumental cognitive activities of daily living

are complex (Romero-Ayuso et al., 2019), a test that intends
to predict functional cognition may have various neurocog-
nitive functions involved. On this subject, all tests should
have a theoretical framework about neurocognitive function-
ing that facilitates the identification of the relationship
between the involved functions (e.g., Luria’s neurocognitive
model, 1976). Identifying the neurocognitive functions
underlying the tasks may also be useful for inferring about
the test difficulty, as more complex tasks are likely to
involve more neurocognitive functions (Romero-Ayuso
et al., 2019).

Setting
The test should be applied in a naturalistic environment or
at least a natural-like environment, for example, simulated
through virtual reality [criterion 1.2.1], and it is important
to report familiarity conditions [criterion 1.2.2].

Tasks
Tasks should correspond to relevant aspects of real-world
activities and environments, i.e., focus on practical prob-
lems related to daily functionality, such as the ability to
return to work or driving [criterion 1.3.1] (Parsons,
2011). Given that most of our everyday activities involve
multitasking (Romero-Ayuso et al., 2019), the test should
assess multitasking performance or, if it is a battery of
tests, at least one of them should involve multitasking
[criterion 1.3.2]. The advantages and limitations of the
task should be properly described (Evers, 2001; Evers
et al., 2010). With regards to the simplicity-complexity
dimension, the test should include tasks with various lev-
els of difficulty [criterion 1.3.3] to ensure correspondence
between the cognitive demand of the test and the cogni-
tive demand of the person’s naturalistic environment
(Aubin et al., 2018; Chaytor et al., 2006, 2007; Chaytor &
Schmitter-Edgecombe, 2003).

Ecologically valid tasks must use language that is appro-
priate to the cultural background of the target population
[criterion 1.3.4] (Hambleton, 2005; Parsons, 2011).
Moreover, as EV is about the generalization of the results to
naturalistic environments, it requires an adequate selection
of tasks considering the individual characteristics of patients
and their routines, so that appropriate inferences can be
made. For example, asking about the average time to clean
the windows of an average-sized house may be more difficult
for certain patients, because cleaning windows was never
part of their routines. Thus, it would be useful to have a
broad set of questions, and then select those that are best
suited to the instrumental activities of each patient. We rec-
ommend making the prerequisites for performing each task
[criterion 1.3.5] explicit, to ensure that they fit the patient’s
premorbid functions and cognitive level, allowing to opti-
mize generalization. Motor prerequisites also need to be
mentioned (Chaytor et al., 2006, 2007; Kibby et al., 1998;
Renison et al., 2012).

APPLIED NEUROPSYCHOLOGY: ADULT 11



Stimuli
The use of multisensory (De Gelder, & Bertelson, 2003;
Parsons, 2015), three-dimensional (Lewkowicz, 2001; Rumpf
et al., 2019), and dynamic (Parsons, 2015) stimuli is
assumed to improve ecological validity [criteria 1.4.1; 1.4.2;
1.4.3]. In addition, naturalistic stimuli are associated with
higher EV (Holleman et al., 2020; Lewkowicz, 2001; Parsons,
2015) and, consequently, cultural knowledge of the target
population should be considered when selecting stimuli,
ensuring its familiarity [criterion, 1.4.4] (Parsons, 2011). The
introduction of distracting stimuli is also a key factor in
reducing artificiality [criterion 1.4.5] (Davies et al., 2011;
Gioia, 2009; Olson et al., 2013; Parsons, 2015).

Sample
The sampling strategy should be reported [criterion 1.5.1],
allowing the representativeness of the target population to
be gauged. Failure to consider this criterion can compromise
generalization (Parsons, 2011). Thus, limitations of the sam-
pling procedure and the sample itself should be reported,
particularly the small sample size (Pezzuti et al., 2013) and
the heterogeneity of the sample [criterion 1.5.2] (Renison
et al., 2012), as should be other characteristics of the sample
[criterion 1.5.3], namely demographic data (Bromley et al.,
2012; Chaytor & Schmitter-Edgecombe, 2003; Farias et al.,
2003; van der Elst et al., 2008), clinical condition and its
severity (Chaytor & Schmitter-Edgecombe, 2003; Wood &
Liossi, 2006), developmental factors in the case of children
and adolescents (Olson et al., 2013; Price et al., 2003), the
time between injury and assessment (Chaytor & Schmitter-
Edgecombe, 2003), and the chronicity of the injury
(Zgaljardic et al., 2011) in the case of acquired brain injury.

Part 2. Test administration

Administration procedures
The development of an administration manual is critical to
ensure that the procedures leading to EV are met [criterion
2.1.1] (Chevignard et al., 2012; Cizek et al., 2016). Relevant
aspects for the subsequent interpretation of the results
should also be clarified: (a) cognitive functions that are crit-
ical for the individual’s everyday tasks [criterion 2.1.2]
(Chaytor & Schmitter-Edgecombe, 2003); (b) degree of
familiarity with the tasks [criterion 2.1.3] (Romero-Ayuso
et al., 2019); (c) frequency of performing the tasks in a nat-
uralistic environment (i.e., once a week, once a month, etc.)
[criterion 2.1.4]; (e) autonomy in performing the tasks in a
naturalistic environment (i.e., performs alone, with caregiver
support, etc.) [criterion 2.1.5] (Aubin et al., 2018); (c) rou-
tinization, i.e., repetition of behaviors and routines [criterion
2.1.6] (Bouisson, 2002; Dubreuil et al., 2007).

Assessment conditions
The characteristics of the testing environment should be
described (Cizek et al., 2016), namely its potential to
increase EV and its limitations [criterion 2.2.1]. Since EV
can be affected by the administration conditions (Chaytor &

Schmitter-Edgecombe, 2003), adaptations of the administra-
tion procedures [criterion 2.2.2] should be identified (Cizek
et al., 2016).

Previous studies have pointed out the disparity between
the time available for the task in the test situation and in
the real world as a factor with potential impact on reducing
EV (Aubin et al., 2018; Wilson, 1993). Thus, the time allot-
ted for the task should approximate the time needed to per-
form it in everyday life [criterion 2.2.3].

Use of compensatory strategies
The use of compensatory strategies is a cognitive factor that
impacts EV (Alderman et al., 2003; Cuberos-Urbano et al.,
2013; Davies et al., 2011; Olson et al., 2013). Therefore, it is
important to identify and record compensatory strategies
that patients eventually use during the assessment [criterion
2.3.1]. This can be achieved either by direct observation of
the patient or through open questions such as “Did you use
any strategy to perform the task?”; if so “Which one?” If
compensatory strategies are used, it is important to ask
whether they are used in everyday life [criterion 2.3.2].

Response bias
The American Academy of Clinical Neuropsychology rec-
ommends that all neuropsychological assessments should
include a measure of response bias (Heilbronner et al.,
2009). Response bias refers to the misrepresentation of abil-
ities, namely cognitive, on a test or a self-report measure.
Specifically, a negative response bias may occur in the pres-
ence of an external gain, impacting the EV of neurocogni-
tive tests (Lippa et al., 2014) and self-reports (Chaytor &
Schmitter-Edgecombe, 2003). As response bias may be a rea-
son for considerable disparity between test performance and
functional ability in real-world activities (Heilbronner et al.,
2009), it should be assessed [criterion 2.4.1].

Part 3. Ecological validity evidence

Verisimilitude and veridicality
Since tests conforming to both verisimilitude and veridicality
have been found to be more ecologically valid (Kourtesis
et al., 2021), as higher verisimilitude underlies higher repre-
sentativeness and higher veridicality underlies higher gener-
alization, both approaches must be assessed [criteria 3.1.1
and 3.1.2].

The statistical method used to estimate EV (e.g., correl-
ation with other tests with proven EV, correlation with the
same task in a naturalistic environment, regression models
to predict patients’ functionality in activities of daily living)
should be described [criterion 3.1.3].

Since there is no gold-standard measure of everyday
functioning that can be used for comparison, as explained in
the introduction (Chevignard et al., 2012), and given the
factors that can compromise both self-report (e.g., the exam-
inee’s awareness of the deficits presented) (Pezzuti et al.,
2013; Wood & Liossi, 2006) and other-report measures (e.g.,
the frequency with which the examinee’s deficits impact the
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informant, including caregiver burden) (Renison et al.,
2012), the use of more than one outcome measure allows
obtaining more robust evidence on the EV of the test [cri-
terion 3.1.4]. Measures of the same nature (e.g., self-and
other-report measures) should be considered as a single-type
of measure. It is worth noting that observation of cognitive
functioning in the naturalistic environment, together with
self-and other-report measures of cognitive functioning, are
the most ecologically sound options (Domensino & van
Heugten, 2020).

Part 4. Scoring and reporting

Response sheet
Standardization of scoring procedures is another element
that confers clinical reliability to the tests (Dawson et al.,
2009) and, therefore, a standardized response sheet and clear
scoring procedures should be provided [criterion 4.1.1].

Scoring
Comparing patients’ absolute score obtained in the test with
the results obtained by healthy individuals may not be the
best approach for diagnosis, but it is assumed to be the
most ecologically valid option [criterion 4.2.1] (Silverberg &
Millis, 2009).

Analysis of response processes
The scoring of tests should be accompanied by the observa-
tion and recording of response processes [criterion 4.3.1], as
well as their analysis and consideration in the interpretation
of results. Thus, the main types of error and the main com-
pensatory strategies observed during the task should be pre-
sented in the response sheet, guiding the interpretation of
the results [criterion 4.3.2] (Dawson et al., 2009).

Interpretation of results
Regarding the interpretation of results, a theoretical ration-
ale should be provided [criterion 4.4.1] (American
Educational Research Association, 2014; Cizek et al., 2016).
This rationale should consider the context in which the
results will be used (American Educational Research
Association, 2014), e.g., for the characterization of a neuro-
cognitive profile or the analysis of progresses achieved with
neuropsychological rehabilitation. In addition, individual
factors with potential impact on EV, such as emotional dis-
tress (Azouvi et al., 2015; Chaytor et al., 2006, 2007), should
be considered. The information necessary for proper inter-
pretation of the test results should be reported [criterion
4.4.2] (Evers, 2001; Evers et al., 2010).

Part 5. Specific criteria for technology-based
assessments

In assessing the EV of technology-based tests, specific crite-
ria must be considered in addition to the previous criteria.

Familiarization
Given that patients have different degrees of familiarization
with new technologies, familiarization tasks or trials should
be given to the patients to get acquainted with the system
before computer-based testing or assessment in virtual real-
ity environments (Aubin et al., 2018). Otherwise, poor
results can be explained by difficulties in using technological
resources [criterion 5.1.1].

Computer-based tests
Regarding computer-based tests, the International
Guidelines on Computer-Based and Internet-Delivered
Testing (International Test Commission, 2006) should be
given due consideration [criterion 5.2.1]. Since the represen-
tativeness of the setting, the task, the stimuli, and the eval-
uated behavioral response are criteria of EV, computerized
tasks only make sense when the behavior to be predicted is
related to an instrumental cognitive activity of everyday life
mediated by computers [criterion 5.2.2]. Furthermore, since
difficulties in using computers constitute one of the main
criticisms of computer-mediated neurocognitive assessment
(Rumpf et al., 2019), the level of computer skills required
for the task should be clarified and limitations should be
presented [criterion 5.2.3]. Familiarization with the test
environment (i.e., how to access the instructions after start-
ing the test, how items are presented, how to respond)
should be ensured before starting the assessment
(International Test Commission, 2006) [criterion 5.2.4]. The
method of test administration should be specified using the
categories defined by the International Test Commission: (a)
open mode—there is no supervision during the assessment
and it does not require registration; (b) controlled mode—
administration is remote but requires registration; (c) super-
vised (proctored) mode—the assessment is done with direct
human supervision over the test conditions; (d) managed
mode—higher level of human supervision and control over
the test environment (International Test Commission, 2006)
[criterion 5.2.5]. The potential impact of the method of test
administration on EV should be discussed in the interpret-
ation of the results [criterion 5.2.6]. Regarding the method
of response, possible accommodations for people with dis-
abilities should be mentioned [criterion 5.2.7] (International
Test Commission, 2006).

Virtual reality-based tests
As far as VR-based testing is concerned, the VR-Check
Framework criteria suggested by Krohn et al. (2020) is rec-
ommended [criterion 5.3].

Part 6. Additional information

Clinical criteria for test selection
In test selection, it is important to ensure that the behavioral
response assessed with the test was part of the person’s pre-
morbid repertoire [criterion 6.1.1].
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Usefulness
Neurocognitive assessment can have two main purposes: (a)
support diagnosis; (b) characterize the neurocognitive profile
for the purpose of neuropsychological rehabilitation (Kipps
& Hodges, 2005). Thus, it is important to understand
whether a test with good EV also has diagnostic utility [cri-
terion 6.2.1] and/or utility for planning and assessing the
results of neuropsychological rehabilitation programmes
[criterion 6.2.2]. As technology-based testing increases, it is
also important to assess whether the tests are suitable for
clinical use [criterion 6.2.3] (Chevignard, 2012).

Other
Cognitive and non-cognitive factors with potential impact
on the results of neurocognitive tests are identified
[criterion 6.3.1].

The test name should include a reference to the EV for
easy identification of the instruments that were developed with
ecological validity in mind [criterion 6.3.2] (Chevignard et al.,
2012).

Conclusion

According to the content analysis we have performed, EV in
the field of neuropsychological assessment concerns the
attributes of neurocognitive tests that make them representa-
tive of a given cognitive instrumental activity of daily living,
in a certain real-world context, allowing the test results to
be generalized to related activities. Therefore, the main
dimensions of EV emerging from this review are representa-
tiveness and generalization, with the former depending on
the characteristics of setting, task, stimuli, and assessed
behavioral response. In turn, generalization is potentially
influenced by several cognitive and non-cognitive factors.
Regarding EV assessment and operationalization, subjective
measures were the most reported outcome measures and
none of the reviewed studies provide general guidelines or
specify procedures to develop a neurocognitive test with
good EV. We propose an EV-checklist based on the six
stages for operationalizing EV. The EV-checklist can be used
as a quantitative scale, enabling the identification of different
levels of EV.

Summing-up, based on this review and content analysis,
a test with good EV is an instrument with the following
characteristics: (a) requires a familiar setting; (b) involves a
complex task and natural stimuli; (c) assesses a behavioral
response present in the person’s premorbid repertoire; and
(d) considers cognitive and non-cognitive factors with
potential impact in the generalization of the results.

Given the results of the content analysis, we propose the
following assumptions to guide the EV analysis of neurocog-
nitive tests: (a) neurocognitive tests are not universally eco-
logically valid (Chaytor et al., 2006, 2007; Chaytor &
Schmitter-Edgecombe, 2003); (b) cognitive instrumental
activities of daily living underlying the development of neu-
rocognitive tests must be adjusted to the developmental
stage in which the application is intended (Olson et al.,

2013; Price et al., 2003); (c) neurocognitive tests with good
EV should allow for some degree of customization of the
level of difficulty; and (d) tests with good EV do not replace
traditional tests in predicting cognitive decline and should,
therefore, be used in a complementary manner (e. g., inci-
dental memory assessment [Helmstaedter et al., 1998]).

Future studies should target the following issues: (a) devel-
opment of tests with good EV that are brief to apply and that
provide information on different cognitive functions, through
the inclusion of multitasking measures and the use of a pro-
cess-based approach for the interpretation of test results, for
example, framed in Luria’s neurocognitive model that explains
the interdependence between cognitive functions; (b) develop-
ment of batteries with good EV that include a variety of tasks,
allowing not only the correspondence between tasks and rele-
vant aspects of performance in the naturalistic environment,
but also different levels of cognitive demand; and (c) analyze
response bias and practice effects (i.e., changes in performance
due to increased familiarity with the test and its items;
Goldberg et al., 2015) on tests with good EV, since one of the
main dimensions of EV is representativeness, which presumes
familiarity with the setting.

Finally, it is important to highlight the specific limitations
underlying the use of measures with good EV, for example:
(a) increased difficulty in obtaining the instruments; (b)
decreased standardization (Diaz-Orueta et al., 2020); (c)
increased difficulties in developing tests with higher EV
(e.g., based on virtual reality); and (d) feasibility of introduc-
ing more ecologically valid measures into a traditional
neuropsychological setting.

The main limitation of this work is the high likelihood of
bias associated with systematized reviews for not strictly fol-
lowing the recommendations of the Preferred Systematic
Review and Meta-analysis (PRISMA; Grant & Booth, 2009;
Moher et al., 2009; Page et al., 2021). Furthermore, the
restriction of search strategy to titles may have biased the
papers included in this content analysis.

Summing-up, this study sheds light on the concept of
EV, exploring its conceptualization, operationalization, and
estimation. Based on the results, we proposed an EV-check-
list and expect it to be useful in helping researchers and
clinicians to develop neurocognitive test with good EV or to
select tests with higher EV.
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