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ABSTRACT
Background:  The concept of ecological validity (EV) in neuropsychological interventions (NI) has 
been consistently advocated, but there is a lack of reviews focused on how EV is operationalized in 
NI programmes. This review aims to address this gap by exploring the outcome measures more 
commonly used for assessing EV and to understand the main characteristics of programmes with 
good EV.
Method:  A literature search was conducted to identify studies that examined the EV of NI 
programmes, following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and the Cochrane Collaboration Guidelines.
Results:  A total of twenty-seven studies were included in this review. Among these, only three 
studies explicitly described the procedures used to assess EV. Additionally, almost half of the studies 
assumed that interventions had good EV based on the characteristics of the programmes. The 
inconsistent assessment of EV of NI programmes prevented the identification of specific characteristics 
of programmes demonstrating good EV.
Conclusion:  This systematic review reveals a significant gap in the literature concerning the 
operationalization of EV within the field of NI. Further research is required to establish a consistent 
definition of EV in the context of NI and to develop criteria for its effective operationalization.

Introduction

In recent years, ecological validity (EV) has attracted consid-
erable interest from researchers in neuropsychology, particu-
larly concerning neurocognitive assessment (Pinto et  al., 
2023a; Tarnanas et  al., 2013). However, it has been advocated 
since 1990 that neuropsychological interventions (NI) should 
also be ecologically valid (Tupper & Cicerone, 1990) because 
EV plays a critical role in improving the cost-effectiveness of 
these interventions (Moreau & Conway, 2014).

In the field of neuropsychological assessment, EV refers 
to “the attributes of neurocognitive tests that make them 
representative 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” (Pinto et  al., 
2023a, p. 14). In the context of NI, EV can be evaluated by 
analyzing generalization, which pertains to the contribution 
of NI results in increasing autonomy in activities of daily 
living (Parenté et  al., 1994). It is worth noting that the con-
cept of generalization is sometimes confused with transfer. 
Transfer can be conceptualized as: (a) near transfer, which 
involves assessing the transference of NI effects to tasks that 
require the same neurocognitive function; and (b) far trans-
fer, which involves assessing the transference of NI results to 

untrained neurocognitive functions (Guye et  al., 2016; Noack 
et  al., 2009; Sala et  al., 2019).

Indeed, EV is a requirement for more comprehensive and 
holistic interventions, such as neurocognitive and neuropsy-
chological rehabilitation, as they involve setting functional 
goals (Pinto et  al., 2023b) and addressing instrumental activi-
ties of daily living (Gómez & Rodríguez, 2021). One proposed 
method to enhance EV of NI interventions in NI is to include 
virtual reality simulations of activities of daily living (Tarnanas 
et  al., 2013). Therefore, an intervention model called the 
Activities of Daily Living model was created to organize 
technology-based interventions with higher EV, employing 
four hierarchical structures: (a) defining the target activity of 
daily living; (b) identifying the sub-activities within the target 
activity; (c) dividing of the task into task states, representing 
segments necessary for task completion; and (d) defining 
pathways based on stimuli, interactions with them, and feed-
back related to each interaction (e.g., admissible or 
non-admissible) (Martínez-Moreno et  al., 2016). Notably, this 
model seems to be useful not only for technology-based 
interventions but also for non-technological interventions, 
which commonly use paper-and-pencil tasks and incorporate 
strategies like goal management (Winson et  al., 2017).
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In light of the aforementioned points, it becomes para-
mount to understand the key attributes that enhance the EV 
of NI for various compelling reasons: (a) allows to set mean-
ingful goals for patients (Dekker et  al., 2020); (b) contributes 
to better real-world functioning; and (c) in mild cognitive 
impairment it has potential to delay the progression to major 
neurocognitive impairment, which is characterized by a 
decline in performance in instrumental activities of 
daily living.

EV in neuropsychological assessment has been extensively 
explored in several literature reviews (Acker, 1990; Chaytor 
& Schmitter-Edgecombe, 2003). However, only one system-
atic review has specifically addressed the ecological effects of 
NI, examining the impact of virtual reality-based cognitive 
training on activities of daily living in patients with mild 
cognitive impairment and Alzheimer’s disease (Son & Park, 
2022). Therefore, to the best of our knowledge, no previous 
review has thoroughly examined the characteristics of NI 
programmes with good EV and the operationalization of EV 
within those programmes. The main purposes of this review 
are to explore how EV is operationalized and assessed in NI 
programmes and to understand the main characteristics of 
programmes with good EV. The review will be guided by 
the following question regarding the EV of NI:

Question 1 (Q1): Which outcome measures are more commonly 
used to assess EV of NI?

Question 2 (Q2): What are the main characteristics of pro-
grammes with good EV?

Method

The systematic review protocol was developed in accordance 
with the recommendations of the Preferred Reporting Items 
for Systematic Review and Meta-analysis (PRISMA; Page 
et  al., 2021).

Search strategy

Studies were selected by searching databases such as EBSCO, 
PubMed, ISI Web of Knowledge, and Scopus. The following 
EBSCO databases were included: PsycInfo, PsycArticles e 
Psychology and Behavioral Sciences Collection. Additionally, 
the reference lists of selected studies were reviewed to iden-
tify other relevant studies. A manual search was performed 
to prevent source selection bias.

The keywords and search string were: ecological* valid* 
– AB; cognitive training OR cognitive therapy OR rehabili-
tation – AB. Animal studies were eliminated, and the search 
was limited to papers written in English.

Study selection

The inclusion criteria were empirical studies focused on the 
EV of NI programmes. The exclusion criteria comprised the 
following: (a) studies written in a language other than 
English; (b) literature reviews, editorials, dissertations, com-
ments, and book chapters; (c) case studies; and (d) studies 

not relevant to the topic. Duplicate studies were eliminated. 
Abstracts were selected by two independent reviewers 
according to the Cochrane Collaboration’s recommendations 
(Higgins & Green, 2011). In cases of disagreement, a third 
reviewer, an expert in the field, was consulted to decide 
about the selection of the studies.

Results

The initial search conducted in the databases yielded a total 
of 1059 studies (see Figure 1). Additionally, eleven papers 
were identified through a manual search. After excluding 
duplicate studies using Rayyan (Ouzzani et  al., 2016), the 
titles and abstracts of 591 papers were analyzed by the 
reviewers. Among these, 547 articles were excluded based on 
the following reasons: (a) were not relevant to the topic 
(n = 417); and (b) were other publication types than empiri-
cal study (n = 174). A total of 55 full-text papers were then 
analyzed, and 27 of them met the eligibility criteria for 
inclusion in this systematic review. The assessment of titles 
and abstracts showed an almost perfect agreement between 
reviewers, with a Cohen’s κ coefficient of .814 (Landis and 
Koch, 1977).

Study characteristics

The methodological quality of the studies was assessed using 
the classification system of Cicerone et  al. (2000). Among 
the included studies, fourteen were classified as in Class I 
(prospective, randomized, and controlled experimental 
design), two were included in Class Ia (prospective, 
quasi-randomized in treatment conditions); seven were clas-
sified in Class II (prospective, non-randomized and cohort 
studies; retrospective studies with non-randomized control 
group; or clinical series with control group); and the remain-
ing four studies were included in Class III (clinical series 
without control group) (Cicerone et  al., 2000) (see Table 1).

The studies included 1178 participants (M = 43.63 partici-
pants, SD = 38.98, Min = 6, Max = 176). In terms of gender 
distribution, 402 participants were female (34.8%), and 473 
were male (41%). Four studies did not provide information 
about the participants’ gender (Grewe et  al., 2013; Lansford 
et  al., 2016; Lo Priore et  al., 2003; Strobach & Huestegge, 
2017). The age of participants ranged from 6 to 86 years old. 
Five studies did not report the age range (Câmara et  al., 
2023; Dehn et  al., 2018; Jiang et  al., 2022, Park, 2022; 
Rosenblau et  al., 2020), and two did not report any informa-
tion about the age of the participants (Lansford et  al., 2016; 
Lo Priore et  al., 2003).

Most of the studies focused on patients with psychiatric 
and/or neurological conditions, including: (a) acquired brain 
injury (Lorentz et  al., 2023; Ownsworth & McFarland, 1999), 
specifically traumatic brain injury (Galbiati et  al., 2009; Jacoby 
et  al., 2013; Keegan et  al., 2022) and stroke (Faria et  al., 2016, 
2020); (b) acquired prosopagnosia (Corrow et  al., 2019; 
Davies-Thompson et  al., 2017); (c) mild cognitive impairment 
(Hampstead et al., 2008; Park, 2022); (d) focal epilepsy (Grewe 
et  al., 2013, 2014); (e) chronic aphasia (Giachero et  al., 2020); 
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(f) schizophrenia (Gomar et  al., 2015; Hodge et  al., 2010; Kim 
et  al., 2020); (g) high-functioning adults with autism spec-
trum disorder (Rosenblau et  al., 2020); (h) depression (Dehn 

et  al., 2018); and (i) mental and behavioral disorders not 
specified (Câmara et  al., 2023). Five studies included healthy 
participants, such as older participants (Chen et  al., 2018; 

Figure 1.  Flow diagram of literature search.

Figure 2. E V entries throughout the studies.
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Haeger et  al., 2018; Villa & Abeles, 2000), typically developing 
children (Jiang et  al., 2022), and young normal subjects with-
out neurological or psychiatric problems (Lo Priore et  al., 
2003). One study only provided information about the sample 
recruitment procedures (Strobach & Huestegge, 2017), while 
another categorized the group based on the characteristics of 
the intervention setting (Lansford et  al., 2016).

The studies included in this review were published in 21 
different journals. Among these journals, those with a higher 
number of publications were Journal of NeuroEngineering 
and Rehabilitation (n = 3), Asian Journal of Psychiatry (n = 2), 
Journal of Aging Research (n = 2), Schizophrenia Bulletin 
(n = 2), and Virtual Reality (n = 2).

Intervention characteristics

Most of the studies in the review focused on specific neuro-
cognitive functions, targeting between one (e.g., Jiang et  al., 
2022; Keegan et  al., 2022) to four neurocognitive functions 
(e.g., Câmara et  al., 2023; Faria et  al., 2020). Most studies 
targeted one neurocognitive function (n = 11; Corrow et  al., 
2019; Davies-Thompson et  al., 2017; Galbiati et  al., 2009; 
Hampstead et  al., 2008; Jiang et  al., 2022; Keegan et  al., 
2022; Lansford et  al., 2016; Lorentz et  al., 2023; Lo Priore 
et  al., 2003; Ownsworth & McFarland, 1999; Villa & Abeles, 
2000), with memory being the most trained neurocognitive 
function (n = 11; Câmara et  al., 2023; Chen et  al., 2018; Faria 
et  al., 2016, 2020; Gomar et  al., 2015; Grewe et  al., 2014; 
Hampstead et  al., 2008; Hodge et  al., 2010; Ownsworth & 
McFarland, 1999; Park, 2022; Villa & Abeles, 2000). In addi-
tion to memory, other neurocognitive functions were tar-
geted in the reviewed studies. For example, one study 
targeted multitasking (Park, 2022), while others addressed 
social cognition (Rosenblau et  al., 2020), real-life perfor-
mance of daily activities (Kim et  al., 2020) or in a simulated 
situation (Dehn et  al., 2018), language and psychosocial 
aspects (Giachero et  al., 2020), training motor and cognitive 
functions during the practice of instrumental activities of 
daily living and training of meta-cognitive strategies (Jacoby 
et  al., 2013). One study did not explicitly specify the neuro-
cognitive functions being targeted (Grewe et  al., 2013).

Regarding the treatment, virtual reality-based interventions 
were applied in twelve studies (Câmara et  al., 2023; Dehn 
et  al., 2018; Faria et  al., 2016, 2020; Giachero et  al., 2020; 
Grewe et  al., 2013, 2014; Jacoby et  al., 2013; Keegan et  al., 
2022; Lo Priore et  al., 2003; Lorentz et  al., 2023; Park, 2022). 
These interventions employed various virtual reality scenarios, 
including: (a) shopping or supermarket contexts (n = 5; Dehn 
et  al., 2018; Grewe et  al., 2013, 2014; Jacoby et  al., 2013; Park, 
2022); (b) a city environment (n = 3; Câmara et  al., 2023, Faria 
et  al., 2016, 2020; Giachero et  al., 2020); (c) different locations 
within the virtual world (n = 1; Lorentz et  al., 2023); and (d) 
an internal goods store (n = 1; Lo Priore et  al., 2003). Virtual 
reality-based interventions were compared to several interven-
tions, including: (a) paper-and-pencil interventions (n = 2; 
Câmara et  al., 2023; Faria et  al., 2020); (b) the same task 
without the use of virtual reality (n = 2; Giachero et  al., 2020; 
Lo Priore et  al., 2003); (c) conventional training involving 

tasks such as puzzles and problem-solving tasks (n = 1; Faria 
et  al., 2016); (d) the same task trained in virtual-reality inter-
vention using a computer desktop virtual reality-application 
(n = 1; Dehn et  al., 2018); and (e) occupational therapy inter-
vention (n = 1; Jacoby et  al., 2013).

Computer-based interventions were applied in three stud-
ies (Galbiati et  al., 2009; Gomar et  al., 2015; Rosenblau 
et  al., 2020; Strobach & Huestegge, 2017). To evaluate the 
effectiveness of the computer-based interventions, the results 
were compared to different control conditions: (a) nonsocial 
control training (Rosenblau et  al., 2020); (b) computerized 
typing programme; and (c) usual daily rehabilitative activi-
ties (Gomar et  al., 2015).

One study performed the intervention in a local grocery 
shop within the community (Kim et  al., 2020). The study 
aimed to compare the results between two groups: the first 
group received the intervention in the grocery shop, along 
with a conventional rehabilitation programme that included 
physical exercise and social skill training, while the second 
group only underwent the conventional rehabilitation pro-
gramme without the additional grocery shop intervention 
(Kim et  al., 2020). Another study included interventions cat-
egorized by the authors as low ecological and high ecologi-
cal based on the inclusion of tasks that resemble activities 
performed in participants’ everyday life (Chen et  al., 2018).

Other interventions implemented in the studies included 
the following: (a) face training programme with a television 
task as control intervention (Corrow et  al., 2019; 
Davies-Thompson et  al., 2017); (b) face-name association 
training using the Ecologically Oriented Neurorehabilitation 
of Memory Programme (Hampstead et  al., 2008); (c) online 
group rehabilitation focused on communication (Keegan 
et  al., 2022); (d) neurocognitive training with and without 
positive feedback from a teacher, compared to no training 
(Jiang et  al., 2022); (e) driving-simulator training (Haeger 
et  al., 2018); (f) perception training using dysarthric and 
non-dysarthric speech (Lansford et  al., 2016); (g) neuropsy-
chological educational approach to remediation compared 
(Hodge et  al., 2010); (h) prospective memory intervention 
programme using ecologically valid stimuli or 
laboratory-generated stimuli (Villa & Abeles, 2000); and (i) 
remediation of everyday memory using diary training pro-
grammes (Ownsworth & McFarland, 1999).

Most interventions were delivered in group (n = 6; Chen 
et  al., 2018; Giachero et  al., 2020; Gomar et  al., 2015; Jiang 
et  al., 2022; Keegan et  al., 2022; Villa & Abeles, 2000), while 
a fewer number of studies used individual intervention for-
mats (n = 5; Câmara et  al., 2023; Davies-Thompson et  al., 
2017; Dehn et  al., 2018; Galbiati et  al., 2009; Hodge et  al., 
2010). Sixteen studies did not specify whether the interven-
tions were delivered individually or in a group (Corrow 
et  al., 2019; Faria et  al., 2016, 2020; Grewe et  al., 2013, 2014; 
Haeger et  al., 2018; Hampstead et  al., 2008; Jacoby et  al., 
2013; Kim et  al., 2020; Lansford et  al., 2016; Lo Priore et  al., 
2003; Lorentz et  al., 2023; Ownsworth & McFarland, 1999; 
Park, 2022; Rosenblau et  al., 2020; Strobach & Huestegge, 
2017), although two of these studies mentioned that the 
intervention took place at home (Corrow et  al., 2019; 
Rosenblau et  al., 2020).
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Regarding the usual dose of sensory stimulation pro-
grammes, the frequency of intervention ranged from once a 
week (Lorentz et  al., 2023) to four times a week (Galbiati 
et  al., 2009). The information that gathered more consensus 
was twice a week (n = 7; Câmara et  al., 2023; Giachero et  al., 
2020; Gomar et  al., 2015; Hodge et  al., 2010; Jiang et  al., 
2022; Park, 2022; Kim et  al., 2020). Ten studies did not pro-
vide information on the frequency of stimulation (Corrow 
et  al., 2019; Faria et  al., 2016, 2020; Grewe et  al., 2013; 
Hampstead et  al., 2008; Lansford et  al., 2016; Lo Priore et  al., 
2003; Ownsworth & McFarland, 1999; Strobach & Huestegge, 
2017; Villa & Abeles, 2000). The duration of sessions varied 
from twenty minutes (Lorentz et  al., 2023) to two hours 
(Giachero et  al., 2020). Greater consensus was achieved for 
sessions lasting thirty minutes (n = 4; Câmara eta al., 2023; 
Lorentz et  al., 2023; Davies-Thompson et  al., 2017; Strobach 
& Huestegge, 2017) and sixty minutes (n = 4; Chen et  al., 
2018; Haeger et  al., 2018; Hampstead et  al., 2008; Hodge 
et  al., 2010). Ten studies did not report the length of the ses-
sions (Corrow et  al., 2019; Dehn et  al., 2018; Faria et  al., 
2020; Grewe et  al., 2013, 2014; Jiang et  al., 2022; Keegan 
et  al., 2022; Lansford et  al., 2016; Ownsworth & McFarland, 
1999; Rosenblau et  al., 2020). The duration of the interven-
tion ranged from one session (Lorentz et  al., 2023) to six 
months (Gomar et  al., 2015). The information most widely 
agreed upon was four weeks (n = 3; Haeger et  al., 2018; Kim 
et  al., 2020; Ownsworth & McFarland, 1999) and six months 
(n = 3; Galbiati et  al., 2009; Giachero et  al., 2020; Gomar et  al., 
2015). Four studies did not report the length of the interven-
tion (Jacoby et  al., 2013; Lansford et  al., 2016; Lo Priore et  al., 
2003; Villa & Abeles, 2000). The intervention programmes 
included from one (Lorentz et  al., 2023) up to forty-eight ses-
sions (Giachero et  al., 2020). The information that garnered 
the highest level of agreement was a single session (n = 2; 
Lansford et  al., 2016; Lorentz et  al., 2023), eight sessions 
(n = 2; Grewe et  al., 2014; Kim et  al., 2020), and twelve ses-
sions (n = 2; Faria et  al., 2016, 2020). The total number of 
sessions was not provided in eleven studies (Chen et  al., 2018; 
Corrow et  al., 2019; Davies-Thompson et  al., 2017; Dehn 
et  al., 2018; Galbiati et  al., 2009; Gomar et  al., 2015; Haeger 
et  al., 2018; Keegan et  al., 2022; Lo Priore et  al., 2003; 
Ownsworth & McFarland, 1999; Rosenblau et  al., 2020).

Ecological validity entries

The term “EV” was mentioned in the studies between two 
and twenty-five times (n = 244) across the different sections 
of the papers (see Figure 2). Most of the references to EV 
were found in the introduction, followed by abstract and 
discussion. Only sixteen studies referred to EV in the 
method section, and ten studies referred to it in the results.

Assessment procedures

The most consensual times of assessment include 
pre-intervention and post-intervention (n = 17, Chen et  al., 
2018; Davies-Thompson et  al., 2017; Dehn et  al., 2018; Faria 
et  al., 2016; Giachero et  al., 2020; Gomar et  al., 2015; Grewe 

et  al., 2014; Haeger et  al., 2018; Jacoby et  al., 2013; Jiang 
et  al., 2022; Keegan et  al., 2022; Kim et  al., 2020; Lorentz 
et  al., 2023; Park, 2022; Rosenblau et  al., 2020; Strobach & 
Huestegge, 2017; Villa & Abeles, 2000). Additionally, four 
studies performed follow-up assessments (Câmara et  al., 
2023; Corrow et  al., 2019; Faria et  al., 2020; Hampstead 
et  al., 2008), ranging from one month (Hampstead et  al., 
2008) to three months (Corrow et  al., 2019). Other studies 
performed: (a) baseline, pre-intervention, post-intervention, 
and follow-up assessment (Hodge et  al., 2010); (b) 
pre-intervention and follow-up assessments (Galbiati et  al., 
2009); (c) pre-intervention and during the treatment assess-
ments (Ownsworth & McFarland, 1999); (d) during inter-
vention and post-intervention assessments (Grewe et  al., 
2013); (e) assessment only during the sessions (Lo Priore 
et  al., 2003); and (f) assessment only post-intervention 
(Lansford et  al., 2016).

Regarding the assessment instruments, studies used sev-
eral interviews, questionnaires, tests, and other measures to 
characterize the sample and evaluate the effects of the inter-
vention on various aspects such as neurocognitive functions, 
depressive symptomatology, quality of life (Câmara et  al., 
2023), acceptability, feasibility and tolerability of virtual real-
ity (Lorentz et  al., 2023), among others.

Only three studies explicitly outlined the procedures to 
evaluate EV. These included: (a) teachers’ subjective accep-
tance questions (Jiang et  al., 2022); (b) description of the 
effects of training on experience with faces in daily life 
(Davies-Thompson et  al., 2017); and (c) the Vineland 
Adaptive Behavior Scales (Galbiati et  al., 2009). The remain-
ing studies did not provide information on how EV was 
assessed, but the authors seemed to indirectly infer about 
the EV of interventions using the following measures/instru-
ments: (a) goal attainment scale (Keegan et  al., 2022); (b) 
self and other report scales such as Korean Instrumental 
Activities of Daily Living (Park, 2022), Patient-Reported 
Evaluation of Cognitive State (Faria et al., 2020), Dysexecutive 
Questionnaire and Memory Checklist (Gomar et  al., 2015), 
ecological validity/naturalness factor of ITC-Sense of 
Presence Inventory (Lo Priore et  al., 2003), teachers reports 
addressing Subjective Acceptance of the Training Agents 
(Jiang et  al., 2022), self-reported memory and social partici-
pation through a questionnaire not specified (Faria et  al., 
2016); (c) performed-based measures, including a transcrip-
tion task in both laboratory and real-life settings (Lansford 
et  al., 2016), an everyday problem-solving task (Chen et  al., 
2018), and a face perception task using trained and untrained 
expressions and views of faces (Corrow et  al., 2019); and (d) 
real-life tasks including a shopping task (Dehn et  al., 2018; 
Grewe et  al., 2014) combined with a self-report measure, the 
Questionnaire for Complaints of Cognitive Disturbances 
(Grewe et  al., 2014). Two studies focus on generalization 
and used tasks such as: (a) a face puzzle and a movie to 
assess close and distant generalization of social cognition 
improvements, respectively (Rosenblau et  al., 2020); (b) the 
Social and Occupational Function Scale (Hodge et  al., 2010). 
One study focused on near-transfer to untrained tasks, test-
ing training skills, and far-transfer by evaluating untrained 
skills, including the use of Cognitive Failure Questionnaire 
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(Strobach & Huestegge, 2017). Another study targeted trans-
fer effects on functional mobility by using Timed Up-and-Go 
task (Haeger et  al., 2018).

The EV of NI or its effects on the functionality in activ-
ities of daily living were not assessed in one study of Class 
I (Villa & Abeles, 2000), one study of Class Ia (Jacoby et  al., 
2013), and two studies of Class II (Grewe et  al., 2013; 
Ownsworth & McFarland, 1999).

Intervention outcomes

Class I studies

Only one Class I study provided information regarding the 
assessment of EV (Jiang et  al., 2022). This neurocognitive 
training programme targeting executive functions with 
teacher-positive feedback was assumed to have higher EV 
based on subjective acceptance by teachers (Jiang et al., 2022).

One study found improvements in instrumental activities 
of daily living following virtual shopping training (Park, 
2022). However, five virtual reality interventions were 
assumed to be ecologically valid based on the use of this 
method, but there was no direct assessment of EV or the 
intervention impact on the functionality in activities of daily 
living (Câmara et  al., 2023; Faria et  al., 2016, 2020; Giachero 
et  al., 2020, Lo Priore et  al., 2003). However, one of these 
studies demonstrated a decrease in self-perceived cognitive 
deficits in various aspects of everyday life following a virtual 
reality intervention, which can be considered an indirect 
measure of its EV (Faria et  al., 2020). The effects of virtual 
reality-based intervention on self-reported memory and 
social participation did not differ from those of conventional 
training (which included tasks like puzzles) (Faria et  al., 
2016). Similarly, another study did not find differences 
between the effects of a virtual reality-based shopping train-
ing and a non-immersive shopping training using a 
self-report presence questionnaire (Lo Priore et  al., 2003).

One study observed improvements in instrumental activ-
ities of daily living following a real-life grocery shopping 
intervention, but no direct inferences were made regarding 
its EV (Kim et  al., 2020). Another study assumed the EV of 
two interventions based on the inclusion of tasks similar to 
those performed in participants’ everyday life. However, the 
effects of interventions with high EV on everyday 
problem-solving tasks did not differ from the effects of 
interventions with low EV (Chen et  al., 2018).

A computer-based training that focused on improving 
working memory showed positive outcomes with near-transfer 
effects on untrained tasks assessing trained skills, as well as 
far-transfer effects on untrained skills, along with a decrease 
in self-reported cognitive failures (Strobach & Huestegge, 
2017). In contrast, one study did not demonstrate the bene-
fit of computer-based training programme that targeted 
attention, memory, and executive functions on daily life cog-
nitive failures, as rated by careers, when compared to control 
interventions (Gomar et  al., 2015).

The remaining Class I studies also indirectly inferred 
about the EV of two interventions. One study found that a 
perception training using dysarthric speech resulted in 

higher intelligibility scores, as assessed by a transcription 
task, compared to the same training programme using 
non-dysarthric speech. This outcome was consistent regard-
less of whether the training to took place in a lab or real-life 
setting (Lansford et  al., 2016). Another study focused on 
Neuropsychological Educational Approach to Remediation, 
which targeted sustained attention, processing speed, mem-
ory, and executive functions. The intervention led to the 
generalization of improvements in neurocognitive abilities to 
social and occupational functioning from baseline to 
post-intervention, which was maintained during the 
follow-up (Hodge et  al., 2010).

Class Ia studies

One study applied virtual-reality training in a supermarket 
environment, assuming its EV based on the use of this 
methodology. However, this study only assessed cognition 
(Jacoby et  al., 2013). A computer-based social cognitive 
training led to improvements in both closely related tasks, 
such as face puzzle implicit and explicit tasks (close gener-
alization) and distantly related tasks involving social cogni-
tion (distant generalization) (Rosenblau et  al., 2020).

Class II studies

The Class II study that identified the procedures to assess 
EV, demonstrated that a computer-based intervention target-
ing attention led to improvements in the adaptive behavior 
as directly assessed with Vineland Adaptive Behavior Scales 
from pre-intervention assessment to follow-up (Galbiati 
et  al., 2009).

Concerning virtual reality-based interventions, one study 
made assumptions about the EV of a virtual reality shopping 
task based on its characteristics, without assessing EV or the 
impact on the activities of daily living (Grewe et  al., 2013). 
The effect of a virtual reality-based grocery shopping pro-
gramme on post-intervention real-life shopping did not show 
significant differences compared to the effects of a computer 
desktop-virtual reality application intervention (Dehn et  al., 
2018). However, another virtual-reality shopping training pro-
gramme demonstrated its EV through correlations with both 
real-life shopping task performance and subjective estimations 
of cognitive abilities (Grewe et  al., 2014).

The remaining Class II studies also indirectly deduced 
the EV of interventions. In one study, the EV of a driving 
simulator training was assumed based on its characteristics. 
However, the driving simulator training did not induce 
transfer effects on functional mobility (Haeger et  al., 2018). 
A face training programme resulted in improvements in face 
sensitivity for both trained and untrained expressions and 
views of faces, as well as improvements in daily life experi-
ence with faces measured by self-report (Corrow et  al., 
2019). Another study suggested that self-instructional train-
ing had greater EV than a task specific learning, based on 
the higher number of diary entries recorded during the 
treatment in the self-instructional training (Ownsworth & 
McFarland, 1999).
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Class III studies

The procedure to assess EV was described in a Class III 
study, found that some patients perceived the benefits of a 
face training programme in daily life, but did not provide 
the specific percentage of patients who experienced these 
benefits (Davies-Thompson et  al., 2017). Additionally, it was 
found generalization of improvements to new images of 
trained faces and transfer to untrained faces (Davies- 
Thompson et  al., 2017).

A virtual communication programme was considered 
ecologically valid by the authors due to its effectiveness in 
achieving improvements in individualized goals as measured 
by using goal attainment scale (Keegan et  al., 2022).

Two studies made assumptions about the EV of the inter-
ventions based solely on task requirements (Lorentz et  al., 
2023) or characteristics (Hampstead et  al., 2008). In one of 
the studies, a virtual reality-based intervention required 
moving the head constantly to monitor the entire situation 
(Lorentz et  al., 2023). In the other, it was used a face-name 
association task from the Module of the Ecologically 
Oriented Neurorehabilitation of Memory programme 
(Hampstead et  al., 2008; Stringer, 2007).

Discussion

The ultimate goal of NI programmes, such as neurocognitive 
rehabilitation and neuropsychological rehabilitation, is to 
improve functional performance in the activities of daily liv-
ing (Clare et  al., 2019; Pinto et  al., 2023b). Therefore, it is 
important to understand the attributes of programmes that 
contribute to enhancing their EV, allowing for the general-
ization of improvements from therapy sessions to real-life 
activities (Parenté et  al., 1994; Pinto et  al., 2023b). Given the 
acknowledged importance of considering EV of NI pro-
grammes, the main objective of this review was to explore 
the operationalization and assessment of EV of NI pro-
grammes, and to identify the main features of programmes 
with good EV. For the reasons described above, we con-
ducted a systematic review following PRISMA guidelines 
(Page et  al., 2021) and the Cochrane Collaboration’s recom-
mendations (Higgins & Green, 2011) to address the follow-
ing questions: (Q1) Which outcome measures are more 
commonly used to assess EV of NI?; and (Q2): What are the 
main characteristics of programmes with good EV?

In terms of sample characteristics, the population most 
examined in studies on the EV of NI programmes consists 
of individuals with acquired brain injury. This focus on 
acquired brain injury patients can be explained by the his-
torical emphasis on studying this specific population within 
the field of neuropsychological rehabilitation (Cicerone et  al., 
2000; García-Molina & Enseñat, 2019). Additionally, the vul-
nerability of adolescents and young adults to acquired brain 
injury (Doser et  al., 2018) justifies the need for interventions 
that demonstrate observable effects in real-life.

Considering the characteristics of the intervention, most 
of the studies focused on specific neurocognitive functions 
and targeted only memory. Among the interventions, virtual 
reality-based programmes gathered the most consensus, 

aligning with the advocated in the existing literature (Parsons, 
2015). Most studies did not specify whether the interven-
tions were conducted in an individual or group format.

Regarding the usual dose of NI programmes, the most 
consensual information was as follows: (a) twice a week ses-
sion; (b) session’s duration of thirty and sixty minutes; (c) 
intervention’s duration of four weeks and six months; and 
(d) a total of a single session, eight or twelve sessions.

Concerning EV entries in the studies, surprisingly, only 
62% of the manuscripts mentioned EV in the method section, 
and less than 50% referred to EV in the results. Accordingly, 
only three studies described the procedures used to assess EV, 
using self and other report questionnaires. Other studies 
explored EV by examining instrumental activities of daily liv-
ing, generalization, and transfer effects to other tasks. The 
variability in the methodology used to operationalize EV 
across studies seemed to stem from the lack of a consensual 
definition of EV in the field of NI. Moreover, the assessment 
of transfer effects to other tasks may have been influenced by 
the decision to target isolated neurocognitive functions in 
most studies, which contradicts a fundamental assumption of 
NI that cognition cannot be isolated (Sohlberg & Mateer, 
2001), because of interdependence between neurocognitive 
functions (Luria, 1976).

It is important to highlight that among the included stud-
ies, only one study used goal attainment scale (Keegan et  al., 
2022) as a method to infer about EV. This finding suggests 
that most of the programmes did not adhere to one of the 
most widely accepted principles of NI, which emphasizes the 
establishment of meaningful goals based on the individual-
ized formulation of the clinical case (Winson et  al., 2017).

Regardless of the Class of the studies, it is noteworthy that 
42% of the studies assumed interventions to have a good EV 
based on the characteristics of the programmes. Among these, 
30% attributed the assumption of good EV to the use of virtual 
reality environments. However, despite assuming interventions 
to have good EV, some studies found no significant differences 
in the effects of high EV interventions compared to control 
interventions when using EV-related measures. For instance, 
while some studies using virtual reality-based interventions 
showed improvements in instrumental activities of daily living 
(Park, 2022) and real-life performance in the same task (Grewe 
et  al., 2014), other studies did not observe significant differences 
between this intervention and control interventions in terms of 
self-reported memory and social participation (Faria et  al., 
2016), as well as in real-life task (Dehn et  al., 2018).

Based on the previously exposed, the available data is 
insufficient to determine the most used outcome measures 
for assessing EV (Question 1). Furthermore, despite identi-
fying the main characteristics of the interventions reviewed, 
it is not possible to describe the main characteristics of pro-
grammes with good EV (Question 2) due to their inade-
quate operationalization, i.e., studies did not provide detailed 
information about the considerations taken into account to 
improve the EV of interventions.

The main limitations of the studies reviewed were: (a) 
not describing the procedures used to assess EV; (b) assum-
ing the EV of interventions without providing a definition of 
EV and the criteria used for its operationalization; and (c) 
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lack of follow-up to examine the maintenance of the inter-
vention outcomes in most of the studies. The main limita-
tion of this review is that it only included papers published 
in the English language.

Future work will concentrate on proposing a definition of 
EV in the field of NI, along with the formulation of specific 
criteria and the development of a checklist to operationalize 
EV in the creation of new NI programmes or in the assess-
ment of EV of existing ones. Similar approaches have been 
successfully undertaken in the realm of neurocognitive 
assessment (Pinto et  al., 2023a), providing a potential model 
for guiding future work in this area.

In conclusion, it is evident that the available literature on 
the EV of NI programmes presents methodological limita-
tions when it comes to operationalizing EV. Consequently, it 
is not possible to reach definitive conclusions regarding the 
measures used to assess EV of NI programmes, as well as 
the key characteristics of programmes exhibiting good EV. 
Finally, this has implications for the categorization of NI 
programmes across different levels of EV.
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