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Abstract

Neurocognitive assessment involves several different types of processes, techniques and instruments.
Traditionally, clinical and/or standardized methods have been the most extensively used in
neuropsychological research and clinical practice. Ecological instruments are characterized by the
standardized administration of tasks with similar cognitive demands to those observed in everyday
situations. Although executive functions are often required in daily living tasks, the lack of a consensus
as to their theoretical definition has posed several hurdles to their assessment and rehabilitation. The
aim of this paper was to present the contributions of an ecological neuropsychological approach to
assessment, rehabilitation, and neuroimaging, while discussing the theoretical implications of these
processes on the neuropsychology of executive functions. This was achieved through a non-systematic
review of classical and contemporary literature on ecological assessment tools. The use of an ecological
approach has contributed to the understanding and assessment of functional impairment, as well as to
the development of rehabilitation programs focusing on practical daily living activities, allowing for a
clearer understanding of the neural correlates of complex environmental and individual factors, and for
a more thorough reassessment of the validity of theoretical models of executive functions .
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Contribuigoes da Abordagem Ecolégica na Neuropsicologia
das Funcoes Executivas

Resumo

A avalia¢do neurocognitiva ¢ composta por diferentes tipos de processos, técnicas e instrumentos. Tradi-
cionalmente, recursos clinicos e/ou padronizados tém sido os de maior elei¢do na clinica e pesquisa
neuropsicolédgica. Os instrumentos ecoldgicos sdo caracterizados pela forma padronizada de aplicagao
associada a tarefas que simulam situacdes didrias de demanda cognitiva. As fungdes executivas sdo
amplamente requeridas nas tarefas cotidianas complexas. Além disso, a falta de consenso tedrico sobre
seus modelos traz um conjunto de problematicas ao trabalhar com essas fungdes. O objetivo do presente
artigo ¢ apresentar as contribui¢des da abordagem ecologica para as areas de avaliagdo, reabilitacdo,
neuroimagem e, subjacente a todas essas, algumas reflexdes teoricas da neuropsicologia das fungdes ex-
ecutivas. Trata-se de uma revisdo ndo sistematica da literatura baseada na consulta em artigos classicos
e contemporaneos que utilizaram ferramentas de abordagem ecologica. As contribui¢des dessa aborda-
gem sdo a busca por uma melhor compreensao de déficits funcionais (avaliagdo); por uma reabilitagcido
com foco em objetivos praticos da vida diaria; a possibilidade de compreensdo dos correlatos neurais
em settings complexos dependentes de fatores pessoais e ambientais; e a necessidade de reavaliacdo da
validade de modelos tedricos das fungdes executivas a partir dessas evidéncias.

Palavras-chave: Processos cognitivos, Neuropsicologia Cognitiva, testes neuropsicologicos.

Aportes del Enfoque Ecolégico a la Neuropsicologia
de las Funciones Ejecutivas

Resumen

La evaluacion neurocognitiva es compuesta por diferentes tipos de procesos, técnicas y instrumentos.
Tradicionalmente, recursos clinicos y/o estandarizados son los de mayor eleccion en la clinica y la pes-
quisa neuropsicoldgica. Los instrumentos ecoldgicos son caracterizados por una manera estandarizada
de aplicacion asociada a las tareas que simulan situaciones del cotidiano de demanda cognitiva. Las
funciones ejecutivas son en general requeridas en las tareas cotidianas complejas. Ademas, la falta de
consenso tedrico sobre suyos modelos tiene un conjunto de problematicas al trabajar con estas funcio-
nes. El objetivo del presente artigo es presentar las contribuciones de la enfoque ecoldgico para las areas
de evaluacion, rehabilitacion, neuroimagen e, subyacente a todas esas, algunas reflexiones teoricas de la
neuropsicologia de las funciones ejecutivas. Es una revision no sistematica de la literatura basada en la
consulta en articulos clasicos y contemporaneos que utilizaron las herramientas del enfoque ecoldgico.
Las contribuciones de esa abordaje son la busca por una mejor comprension de déficits funcionales
(evolucion); por una rehabilitacion con foco en objetivos practicos de la vida cotidiana; la posibilidad
de comprension de los correlatos neuronales en settings complejos dependientes de factores personales
y ambientales; y la necesidad de re-valuacion de la validad de los modelos tedricos de las funciones
ejecutivas de esas evidencias.

Palabras clave: Procesos cognitivos, neuropsicologia cognitiva, testes neuropsicologicos.

The establishment of neuropsychology as chology, and speech therapy. The first major
an independent area of research has followed breakthroughs in neuropsychological investiga-
the developmental trajectory of other areas of tion resulted from attempts to establish relation-
neuroscience (Marshall & Fink, 2003), such as ships between the location of brain lesions and

neurology, radiology, psychiatry, cognitive psy- their resulting cognitive/linguistic impairments
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(as the ones from Broca and Wernicke; Cubelli,
2005; Lorch, 2011). However, recent advances
in neuroimaging, behavioral diagnoses, and in
our understanding of the relationship between
brain and behavior have challenged traditional
quantitative and experimental methods in neuro-
psychological practice.

As a result of these developments, the con-
tributions of neuropsychological assessment to
the identification of deficits which could be eas-
ily reported by patients began to be questioned
(Witsken, D’Amato, & Hartlage, 2008). Addition-
ally, advances in functional neuroimaging tech-
niques have also led to the revision of localization-
ist theories of brain function (Marshall & Fink,
2003), corroborating Luria’s early models of cere-
bral functioning. At the same time, a shift toward
the study of healthy or non-brain-damaged popu-
lations (Pefia-Casanova et al., 2009), individuals
with psychiatric disorders (Periafiez et al., 2007),
and patients with other diseases such as systemic
lupus erythematosus (Appenzeller, Faria, Marini,
Costallat, & Cendes, 2006) and Human Immuno-
deficiency Virus (Ances, Ortega, Vaida, & Heaps,
2013) was also observed in the neuropsychologi-
cal literature. These new areas of study have been
considered by some authors to represent the “new
frontiers” of neuropsychological study (Verdejo-
Garcia & Tirapu-Ustarroz, 2012).

More recently, difficulties associated with
the use of neuropsychological assessment for-
mal tests to identify the causes of complaints
reported by patients (Chan, Shum, Toulopou-
lou, & Chen, 2008; Chaytor & Schmitter-Edge-
combe, 2007) have given rise to a new area of
study in neuropsychology, consisting of the
development and use of ecological tools for
neuropsychological assessment and rehabilita-
tion (Chaytor & Schmitter-Edgecombe, 2003).
The academic community has made signifi-
cant strides in the construction and adaptation
of ecological tools for cognitive assessment,
although more recently, there has also been a
tendency toward the application of ecological
theories to areas beyond neuropsychological as-
sessment itself. Recent studies have sought to
integrate the knowledge obtained from methods
of the ecological study of neuropsychological

function to the theoretical framework of neuro-
psychological science. Therefore, in this article,
we aimed to perform a non-systematic review
of current and classical literature with the aim
of presenting some aspects of ecological neu-
ropsychological models and their applications
to the neuropsychological assessment, rehabili-
tation, neuroimaging and, consequently, to the
explanatory theories of executive functions.

Categorization
of Neuropsychological
Assessments Tools

The neuropsychological assessment process
consists of a series of steps which are continu-
ally redesigned as data is collected regarding the
patient’s performance and functional ability.
The final goal of the evaluation is to understand
the cognitive processes underlying the patient’s
functional impairments and/or complaints. In
addition to dividing neuropsychological assess-
ment tools according to their qualitative and
quantitative nature, it is possible to classify these
methods/tools as standardized, functional, clini-
cal, or ecological (Fonseca et al., 2012; Lezak,
Howieson, Bigler, & Tranel, 2012).

Standardized tools involve systematic ap-
plication, scoring, and interpretation procedures,
are often evaluated based on their psychometric
properties, and include comparison norms drawn
from individuals without brain damage or dys-
function. Functional tools aim to assess patient
performance on daily routine tasks, and include
interview and observation techniques, assess-
ment scales for daily activities and the perfor-
mance of specific tasks. Clinical tools are created
or adapted for each patient based on the practitio-
ner’s knowledge of models of cognitive function-
ing. Such tasks can be developed based on the
manipulation and control of the quality/quantity
of the items, rules, difficulty levels, time limits,
and other features of standardized assessment
tools. This approach allows for the compensation
of the limitations associated with exclusive reli-
ance on standardized assessment methods.

Finally, ecological tools combine prin-
ciples and methods from both standardized and
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functional assessments in an attempt to develop
tools which use standardized administration and
scoring procedures but also simulate everyday
situations and neurocognitive demands. The
concept of ecological validity was first defined
by Brunswik (1955) as an experimental setup
whose results could be generalized to real world
settings or events. For an instrument to be con-
sidered ecologically valid, it must display one of
the two following features: verisimilitude (how
much it theoretically resembles the cognitive
processes recruited by a routine activity) and
veridicality (how much an instrument is related
to functional measures; Wood & Liossi, 2006).
Therefore, while “ecological” neuropsychologi-
cal models first arose as a way to validate as-
sessment instruments, they have now expanded
to comprise several technical principles involved
in the development of assessment tools.

In a publication discussing the theoreti-
cal issues associated with ecological valid-
ity research, Chaytor and Schmitter-Edgecombe
(2003) suggested that the following features be
observed when evaluating or developing ecolog-
ical assessment instruments: (a) Environment:
it is important to consider, in addition to what
the patient actually does, what he could do under
different circumstances, since certain features of
the environment and experimental context can
negatively bias performance; (b) Constructs: the
lack of consensus as to the constructs assessed
by certain standardized instruments and the ab-
sence of a satisfactory theoretical description of
some cognitive functions makes it difficult to
select the ecological measures which would be
most suitable for the evaluation of specific cog-
nitive skills on day-to-day tasks, or the formal
assessment instruments to which these ecologi-
cal tools would be most likely to correlate ; (¢)
Behavior sample: the assessment process is re-
stricted to a single environment, and may fail
to take into account the behavioral alterations
which may occur over time and in response to
different settings; (d) Compensatory strategies:
if the clinician does not allow or stimulate the
use of compensatory strategies during the assess-
ment process, the patient’s performance may not
reflect their actual potential to successfully com-

plete real-life tasks; (e¢) Non-cognitive factors:
emotional, behavioral, and physical features, as
well as premorbid functioning and environmen-
tal demands, can all reduce the equivalence be-
tween performance in ecological tasks and the
patient’s daily functioning. In spite of the abun-
dance of studies on standardized and functional
assessment techniques (Belleville, Rouleau, &
Van der Linden, 2006; Kounti, Tsolaki, & Kios-
seoglou, 2006), there still appears to be a lack
of published literature on the development and
adaptation of ecological assessment tools.

Ecological Assessment
of Executive Functions

The assessment of executive functions has
received special attention in the literature due to
the difficulties in reaching a consensus as to their
theoretical and operational bases (Diamond,
2013). According to Barkley, (2012) one of the
main problems associated with the assessment of
EF using standardized experimental techniques
is their lack of reliability and predictive and eco-
logical validity. These ideas were also corrobo-
rated by Sbordone (2010). Such findings have
led a growing number of authors to conclude
that formal instruments may not be able to ad-
equately assess EF. In an attempt to clarify this
issue, Burgess et al. (2006) proposed a taxono-
my which differentiates the construct of EF from
its cognitive operations and behavioral function.
The construct refers to the theoretical definition
of EF, which has been developed based on re-
search findings; cognitive operations consist of
the hypothetical steps in a cognitive process,
which cannot be directly observed; and the be-
havioral functions are the operations which can
be observed through behavior. In spite of such
efforts to define EF, the nature of these processes
is still unknown, and some authors have suggest-
ed that certain components of EF may only ap-
pear or be manifested in real-world settings (Bar-
kley, 2012). Therefore, neuropsychology moved
on from defining theoretical constructs based on
experimental tasks to a different approach, based
on an ecological perspective: the function is first
observed and studied in its natural environment,
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so that this data can then be used to establish its
theoretical definition (Burgess et al., 2006). This
view has allowed for the development of new
perspectives in neuropsychological theory and
research.

As part of this new line of research, Cube-
ros-Urbano, Caracuel, Bateman, Vilar-Lopez,
and Verdejo-Garcia (2013) conducted a study of
the assessment of executive dysfunction using
ecological instruments. The authors performed
a predictive analysis of issues in daily function-
ing using the Dysexecutive Questionnaire and
the Frontal System Behavior Scale together with
scores obtained on the ecological Multiple Er-
rands Test. Apathy and executive dysfunction
were correlated with failures in the task; disinhi-
bition was associated with rule violation; inten-
tionality was correlated with both rule violation
and failure to complete the tasks (difficulties in
planning or goal directed behavior). The au-
thors also noted that, although intentionality is
a critical skill for patient functioning, it is rarely
evaluated by traditional assessment instruments.
Stuss and Alexander (2007) also defined inten-
tionality as a key component of energization, an
important frontal lobe task. Therefore, it appears
that, while ecological tests may be able to as-
sess functional impairment in daily activities,
traditional standardized instruments may be un-
able to achieve such a goal (Chaytor, Schmitter-
Edgecombe, & Burr, 2006; Koerts et al., 2012).

A similar conclusion has been reached with
regard to the assessment of inhibitory control.
Diamond (2013), for instance, has reported that
the results obtained by children in experimental
measures of inhibition are clearly different from
those seen reported in behavioral questionnaires.
Such findings were also reported by Toplak,
West, and Stanovich (2013) in a review of 20
studies which assessed EF using both question-
naires and behavioral tasks. The authors conclud-
ed that these assessment techniques evaluated
distinct cognitive levels, although this hypoth-
esis is little discussed and poorly understood in
the neuropsychological literature on EF. Studies
have also revealed discrepancies between the re-
sults obtained by assessment instruments across
different clinical populations. Shimoni, Engel-

Yeger and Tirosh (2012) investigated whether
the use of EF in daily activities could be assessed
in controlled settings. Their results indicated that
metacognition may be suitable for laboratory as-
sessment, while alterations in behavior regula-
tion in daily living could not be observed in any
of the cognitive instruments used.

Studies reveal significant differences be-
tween the use of ecological and experimental
tasks in the assessment of EF. Thus, investments
in the former could have significant implications
for the theoretical and methodological develop-
ment of the construct of EF. Some of the most
frequently used ecological instruments to assess
EF are described below, while the questionnaires
and scales used for this purpose are presented in
Table 1. Although ecological assessment is not a
new theme in the neuropsychological literature,
it appears that approximately half of the total
number of articles published on the topic were
issued within the past five years. Therefore, this
area of research can be still considered a target
for technological innovation in neuropsycholog-
ical practice and research.

Behavioral Assessment of the Dysexecutive
Syndrome (BADS; Wilson, Alderman, Burgess,
Emslie, & Evans, 1996). This assessment battery
consists of subtests and questionnaires which
assess cognitive flexibility (Rule Shift Card),
problem solving (Action Program Test), behav-
ior regulation and planning (Key Search Test,
Zoo Map Test, Modified Six Elements Test),
as well as judgment and estimation (Temporal
Judgment Test). The dysexecutive questionnaire
contains questions which are answered by the
patients and their caregivers. The instrument is
currently under adaptation and validation for use
in the Brazilian population (Macuglia, Rossatto,
Almeida, & Giacomoni, 2012).

Multiple Errands Test (MET; Shallice &
Burgess, 1991). The MET consists of simple
tasks (e.g., buying bread, being in a specific
place at a given time) which must be accom-
plished following a list of rules (e.g., spend-
ing as little money as possible, completing the
tasks in a particular order, and relying only on
a previously defined set of stimuli, such as the
purchased items and a watch, to guide patient
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performance). Several versions of the MET have
also been developed, such as a reduced version
of the task (Alderman, Burgess, Knight, & Hen-
man, 2003) and an adaptation of the MET for
use in hospitals (Knight, Alderman, & Burgess,
2002). The latter consists of buying three items,
getting an item at reception, using the telephone
in the hospital and sending a letter to a certain
address to collect specific pieces of information,
and meeting with the examiner after 20 minutes
to inform whether they were able to successfully
complete the task.

Hotel Task (Manly, Hawkins, Evans, Woldt,
& Robertson, 2002). This instrument includes
five activities commonly performed in a hotel.
Initially, the patient is told that the time they
will be given will not be sufficient to complete
all tasks, and that their main goal should be
to perform at least part of each task. The five
activities included in the Hotel Task consist of
the following: organizing guest accounts, sorting
out coins, searching for telephone number in a
phone book, organize nametags for a meeting,
and reviewing the new advertising brochure for
the hotel. This task is currently being adapted
for use in Brazilian Portuguese (Cardoso,
Zimmermann, et al., 2013).

Executive Secretarial Task (EST; Spikman
et al., 2007). In this task, participants are placed

C. 0., Kochhann, R., Jacobsen, G., Fonseca, R. P.

in a room with several office supplies (phone,
calendar, calculator, etc.) and are asked to orga-
nize, initiated and perform a series of tasks, some
of which have specific time limits. The tasks
include: filling out zip codes on envelopes and
posting letters at pre-determined times, search-
ing for restaurants in a phone book, and organiz-
ing a travel schedule. This test does not involve
the use of explicit cues to inform participants as
to how and when the tasks must be performed.
lowa Gambling Task (1GT; Bechara, Dama-
sio, Damasio, & Anderson, 1994). This comput-
erized instrument is much like a real life situa-
tion of decision making under uncertainty. The
IGT consists of a game in which the participant
must select cards from four decks, each of which
is associated with a different pattern of gains
or losses throughout the game (Bechara, 2007,
Bechara et al., 1994). Individuals are unaware as
to which decks are advantageous or disadvanta-
geous, so that, in order to successfully perform
the task, individuals must learn to avoid the
disadvantageous decks based on the emotional
feedback (somatic markers) produced during the
task. The instrument was adapted for use in the
Brazilian population (Malloy-Diniz et al., 2008;
Schneider & Parente, 2006), and has been found
to be both a valid (Carvalho et al., 2012) and re-
liable (Cardoso et al., 2010) tool for the assess-
ment of decision making in this population.

Table 1
Executive Functions Questionnaires and Scales
Instrument Authors Cognitive domains evaluated Target Age Brazilian
population range  version
Frontal Behavioral  (Kertesz, Apathy, spontaneity, Relative ~ Adults (Bahia et al.,
Inventory Davidson, & indifference, mental 2008)
Fox, 1997) inflexibility, concreteness of

thought, personal ne
disorganization, inat

glect,
tention,

lack of insight, logopenia,
verbal apraxia, perseveration,
irritability, excessive jocularity,

poor judgment, inad
impulsiveness, agita

equacy,
tion,

aggression, hyperorality,

hypersexuality, usag

e behavior,

incontinence and alien hand
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Behavioral
Inhibition Scale

(Carver &
White, 1994)

Self-awareness, sensitivity
to stimuli of punishment,

Relatives  Adults Not found

introversion and social anxiety

in general

Patient Competency (Prigatano,

Rating Scale 1986)
Melbourne (Mann,
Decision Making Burnett,
Questionnaire Radford, &
Ford, 1997)

Awareness of their cognitive,
behavioral and emotional and
competence presented by patient. relatives

Vigilance, hypervigilance,
procrastination, buck-passing

Patient Adults (Zimmermann,
de Pereira, &
Fonseca, 2014)

Patient Adults (Cardoso,
Branco, Cotrena,
& Fonseca,
2013)

The ecological assessment of attention and
prospective memory has also been extensively
studied. Some used of the tools to assess these
processes also involve the use of EF. The scales
available for the assessment of prospective
memory and attention are presented in Table 2,
and the tests used to evaluate these processes are
described below.

The Behavioral Inattention Test (Wilson,
Cockburn, & Halligan, 1987). This instrument
contains both conventional and behavioral sub-
tests. All subtests assess behavioral aspects of
daily living, such as the scanning of three pic-
tures (plate of food, bathroom sink, and a living
room); telephone dialing; menu reading; article
reading; telling and setting time; coin sorting;
address and sentence copying; map naviga-
tion and card sorting (Hartman-Maeir & Katz,
1995).

Test of Everyday Attention (Robertson,
Ward, Ridgeway, & Nimmo-Smith, 1994). The
instrument involves the performance of the fol-
lowing subtests: map searching (participants
must search for symbols on a colorful map);
Elevator counting (participants are asked to
pretend they are in an elevator whose floor in-
dicators are broken, and are asked to figure out
the floor at which they have arrived by count-
ing a series of tones presented via audio); Eleva-
tor counting with distraction (participants must
count the lower tones that simulate the elevator
indicators while ignoring high-pitched tones);
Visual elevator (participants must count up and
down as they follow a series of visually present-
ed “doors” in the elevator); Auditory elevator

(participants must know which floor they are on
while lift goes up and down by accompanying
an audio signals); Telephone search (participants
must look for target symbols while searching for
entries in a telephone directory); Dual telephone
search task (participants must search for entries
in the phone book while counting sequences of
auditory tones).

The Rivermead Behavioral Memory Test
(RBMT; Wilson, Cockburn, & Baddeley, 1985).
This instrument evaluates memory using tasks
which simulate everyday activities. The RBMT
includes subtests such as remembering the
names of people in a photograph; observing and
remembering the location in which two of the
patient’s belongings were hidden; remembering
an appointment when an alarm sounds; remem-
bering a newspaper report immediately and 20
minutes after reading it; recognizing faces in
photographs; remembering the route taken by
the examiner to walk between fixed points in
the evaluation room immediately and 10 min-
utes after the route is demonstrated; delivering a
message while performing the route recall task;
temporal and spatial orientation, and recogniz-
ing familiar pictures among new and unfamiliar
ones. All instructions are provided to the patients
before the tasks are performed. The extended
version of the task (Wilson et al., 1999) has a
higher level of difficulty, as it contains twice the
amount of information as the short version of
the task. The Brazilian version of the instrument
(Oliveira & Schmidt, 1999) has proved to be
suitable for identifying memory decline in older
adults (Yassuda et al., 2010).
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Table 2
Memory Questionnaires and Scales

Instrument Authors Cognitive domains Target Agerange Brazilian
evaluated population version

Prospective and (Smith, Sala, Logie, Prospective and Patient Adults/ (Benites &

Retrospective Memory & Maylor, 2000) retrospective elderly Gomes, 2007)

Questionnaire (PRMQ) memory

Teste de Percepgdo (Crook, Feher, & Current memory Patient Elderly (Mattos et al.,

Subjetiva de Memoria Larrabee, 1992)

as compared to 2003)

(MAC-Q) when patient

was 40 years-old
Everyday Memory (Sunderland, Harris, ~ Subjective Patient Adults Not found
Questionnaire & Baddeley, 1983)  perception of

everyday memory

failures
Divided Attention (Tun & Wingfield, Divided attention ~ Patient Adults Not found
Questionnaire 1995)
Adult Self-Report Scale  (Kessler et al., 2005)  Attention deficit Patient Adults (Mattos et al.,
—TDAH and hyperactivity 20006)

disorder

The Cambridge Behavior Prospective Mem-
ory Test (CAMPROMPT; Wilson et al., 2005).
This test includes time-based and event-based
tasks such as reminding the examiner not to
forget a key after a span of 15 minutes; asking
the examiner for a newspaper after 20 minutes;
moving to a second task for five minutes after
working on a first task for 20 minutes; opening
or closing a task booklet 3 minutes after the in-
structions are given; reminding the psychologist
of five hidden objects after the test is finished;
putting a briefcase under the table after an alarm
sounds; changing pens after completing seven
tasks; and delivering an envelope (with the word
“message” written on it) to the psychologist
when he/she says the patient has 10 minutes left
to complete the task (Groot, Wilson, Evans, &
Watson, 2002).

Ecological Assessment of EF
in Children

The neuropsychological assessment of EF
in children is often performed using tools adapt-
ed from adult assessment instruments. One of

the main limitations of this type of task is that
the examiner acts as the child’s executive con-
trol, orienting, organizing, and monitoring their
performance, and sometimes even providing
clues which may enhance and bias the child’s re-
sponses to the task. Consequently, children may
display adequate performance on both standard-
ized formal tasks and ecological instruments, de-
spite reporting several impairments in their daily
functioning (Chevignard, Catroppa, Galvin, &
Anderson, 2010; Gioia & Isquith, 2004; Toplak
etal., 2013).

Some features also place additional limita-
tions on the ecological validity of children’s as-
sessment instruments, such as the influence of
biological, sociodemographic, and cultural fac-
tors on cognitive development (Ardila, Rosselli,
Matute, & Guajardo, 2005; Hackman & Farah,
2013; Rueda, Rothbart, McCandliss, Saccoman-
no, & Posner, 2005). For instance, performance
on self-report instruments may depend on the
child’s ability to read, understand, and express
themselves (Woolley, Bowen, & Bowen, 2011).

On Table 3, neuropsychological tools used
to assess EF in children are described. Instru-
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ments are classified into categories, and each
tool is identified by means of a letter (from a to
k), according to the following system:

Functional instruments: Scales and ques-
tionnaires [Table 3, instruments (a) to (f)]: ask
the parents, caregivers and /or teachers to evalu-
ate the child’s behavior in different contexts
(Shimoni et al., 2012). Scales and question-
naires may be limited by biased responses and
discrepancies between the information provided
by parents and teachers, due to a lack of inter-
informant and inter-setting agreement (Chevig-
nard et al., 2010).

Standardized instruments: Structured neu-
ropsychological tests which simulate real-world
situations [Table 3, (g) and (i)]. The most com-
monly cited such instrument is the Behavioral
Assessment of Dysexecutive Syndrome for Chil-

Table 3

Executive Functions Ecological Tasks for Children

647

dren (Emslie, Wilson, Burden, Nimmo-Smith, &
Wilson, 2003).

Ecological instruments: Evaluate perfor-
mance on tasks which simulate everyday situa-
tions [Table 3, (j) to (k)], by asking the child to
perform specific routine activities (e.g., organiz-
ing school materials) or through behavioral ob-
servation protocols. Although it may difficult to
establish objective criteria for the measurement
of EF in children using ecological tools (Chevi-
gnard et al., 2010), such instruments can be very
helpful in providing complementary information
to that obtained from clinical observation.

The present review demonstrated a lack of
ecological instruments for the assessment of EF
in children (Chevignard et al., 2010). Thus, fur-
ther investments in the adaptation and/or devel-
opment of ecological measures for this popula-
tion is required.

Instruments Cognitive components Target Agerange Brazilian
evaluated population version

a) Behavioural Rating Inventory of Emotional control, Parents 5to 18 (Carim,

Executive Functions (BRIEF; Gioia, cognitive flexibility, and teachers years-old Miranda, &

Isquith, Guy, & Kenworthy, 2000)

inhibition, initiation,

Bueno, 2012)

b) Dysexecutive Questionnaire for
Children (DEX-C; Emslie et al., 2003)

¢) Childhood Executive Functioning
Inventory (CHEXT; Thorell & Nyberg,
2008)

d) Children’s Executive Functions Scale
(CEFS; Silver, Kolitz-Russell, Bordini,
& Fairbanks, 1993)

e) The Attention and Executive
Function Rating Inventory (Klenberg,
Jamsa, Hayrinen, Lahti-Nuuttila,

& Korkman, 2010)

f) Behavioral Inhibition Questionnaire
(Bishop, Spence, & McDonald, 2003)

g) Behavioural Assessment of
Dysexecutive Syndrome for Children
(BADS-C; Emslie et al., 2003)

working memory,
planning, organization
and monitoring

Cognitive, behavioral, Parents 8to 16 Not found
and emotional problems and years-old
associated with executive  teachers
dysfunction
Inhibition, working Parents Not (Trevisan, Dias,
memory, planning and and reported ~ Menezes, &
regulation teachers Seabra, 2012)
Social adaptation, Parents School-age Not found
initiation, problem solving, children
motor planning

No
Inhibition, attention control Teachers reported  Not found
and execution of actions

Not
Shyness, fear and social Parents reported  Not found
isolation
Cognitive flexibility, 8 to 16 year-olds Not found

working memory, planning,
monitoring and organization
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h) Children Gambling Task (CGT;
Kerr & Zelazo, 2004)

1) Child-Kitchen Task Assessment

Decision making

Initiation, judgment,

(Rocke, Hays, Edwards, & Berg, 2008) organization, and planning

j) School Assessment of Motor and
Process Skills (School AMPS;
Atchison, Fisher, & Bryze, 1998)

k) Children’s Cooking Task (M. P.
Chevignard et al., 2008)

Motor and process skills

Initiation, monitoring,
and planning

Adapted from the (Mata et al.,

adult version to 2010; Mata,

investigate decision Sallum, Moraes,

making in children Miranda, &

aged 3 to 4 years Malloy-Diniz,
2013)

8 to 12 year-olds Not found

School-age children Not found

8 to 14 year-olds Not found

Implications of the Ecological
Approach to Neuropsychological
Rehabilitation

The use of ecological tools to establish a
neuropsychological diagnosis allows clinicians
to better comprehend patient functioning in real
life situations. The traditional assumption that
simpler tasks allow for a more specific analysis of
discrete cognitive functions (Lezak et al., 2012)
does not apply to the construction and rationale
behind ecological tasks. Therefore, performance
on these instruments must be interpreted based
on critical neuropsychological reasoning.

With regards to an ecological approach to
neuropsychological rehabilitation, there appears
to be very little literature on the efficacy and ef-
fectiveness of different methods. However, the
importance of taking the client’s natural envi-
ronment into account during the rehabilitation
process has been discussed in the literature for
years. Wilson (2011) has suggested that neu-
ropsychological rehabilitation must emphasize
daily activities rather than standardized training
protocols, which have been shown by several
studies to lead to a poor generalization of thera-
peutic results. A recent systematic review of the
efficacy of different assessment instruments in
evaluating the results of evidence-based neuro-
psychological programs has also suggested that
formal assessment tools may not be reliable in
identifying functional improvements in the pa-
tient’s daily life. Therefore, the authors suggest-

ed that ecological assessment tools be used for
the assessment of the efficacy of different neuro-
psychological rehabilitation programs (Loschia-
vo-Alvares et al., 2011).

In a similar vein, Walker et al. (2012) per-
formed a randomized controlled trial assessing
the effects of an ecological neuropsychological
training program and of a conventional training
protocol on the dressing ability of acute stroke
patients. Improvements in dressing ability were
observed in both groups. Additionally, improve-
ments in visual hemineglect (line cancellation
and gesture praxis) were observed following
treatment in the ecological rehabilitation group,
especially in patients with right brain damage.
Such findings suggest that ecological neuropsy-
chological approaches may have different effects
from those of other types of rehabilitation ap-
proaches, such as occupational therapy training.
In spite of the wealth of evidence supporting the
efficacy of rehabilitation programs with cogni-
tivetraining approach (Fish et al., 2007; Levine et
al., 2000), there does not appear to be sufficient
data in the literature regarding the specific effects
of different approaches available.

Functional Neuroimaging
and the Ecological Approach

The ecological approach to neuropsycho-
logical assessment and rehabilitation has clear
and promising implications to both clinical and
research settings. However, even further evi-
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dence of the importance of such an approach
has been obtained by studies involving both
neuroradiology and neuropsychological meth-
ods. Although there are some issues associated
with dispensing with traditional experimental
paradigms and subtraction methods, the use of
an ecological approach to neuroimaging may
also offer a new perspective on extensively dis-
cussed topics in neuropsychology.

For instance, Astolfi et al. (2010) investi-
gated cortical activity during social interaction
tasks using electroencephalography. The au-
thors revealed differences in the areas activated
in the brains of individuals completing differ-
ent conditions of the task, making a promising
contribution to the comprehension of social be-
havior. Similarly, Yalachkov, Kaiser and Nau-
mer (2012) presented a review of brain activa-
tion during uni- and multisensory paradigms in
individuals with substance addiction disorders.
Results indicated that a greater correlation be-
tween brain activation and clinical variables
was observed in response to multisensory cues
rather than unisensory ones, demonstrating the
relevance of the former in identifying relation-
ships between behavior and the activation of
neural networks associated with the symptoms
of substance addiction. In summary, in spite of
the low number of studies on this topic, it is pos-
sible to infer that the use of ecological tasks may
decrease the artificial nature of neuroimaging
studies. Additionally, the identification of closer
relationships between target-situations and the
activation of specific brain areas may help to ad-
vance theories of EF.

Final Conclusions

The increased interest and investment in
the use of ecological tools for the assessment
of EF may consist of an additional step toward
the applicability of EF in neuropsychological
science. In addition to contributing to both neu-
ropsychological assessment and rehabilitation,
the use of ecological tools may also enhance the
applicability of functional neuroimaging stud-
ies, although further investigations performed
by multidisciplinary teams are still required to
confirm this hypothesis.

One of the main challenges of the use of
ecological tasks in neuropsychological assess-
ment is the development of adequate administra-
tion, scoring, and interpretation procedures, such
as those available for standardized formal tasks,
which are based on cognitive theories and psy-
chometric criteria. These aspects must be kept
in mind when developing or studying ecological
instruments. However, the successful develop-
ment of such procedures may eventually allow
for more accurate cognitive diagnoses and for
more reliable means of assessing the outcomes
of neuropsychological interventions.
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