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Ambiente circundante visual, ambiente de alta carga visual, ambiente de baixa
carga visual, desempenho cognitivo visuo-espacial, distracéo visual, estudo
desenvolvimental, criancas, adolescentes, jovens-adultos, idosos.

A distracao visual € amplamente estudada em diversos grupos etarios.
Habitualmente, nessas investigacdes, os estimulos-alvo e os distratores séo
apresentados no mesmo display visual (e.g., no ecra do computador), um
procedimento que parece reproduzir insatisfatoriamente as condi¢des diarias em
gue atuamos. No nosso dia-a-dia, as tarefas sdo frequentemente realizadas em
ambientes que nos cercam com diversos estimulos visuais; contudo pouco se sabe
sobre a sua influéncia concreta no nosso desempenho cognitivo.

O objetivo principal deste projeto foi desenvolver um procedimento mais ecolégico
gue permita o estudo da distracdo visual em diferentes grupos etarios e que melhor
represente as condicdes que encontramos na nossa vida diaria. Para isso, criamos
dois ambientes, manipulados de uma forma controlada, onde os participantes
realizaram um conjunto de tarefas cognitivas visuo-espaciais basicas.
Concretamente, desenvolvemos dois ambientes circundantes, um de alta carga
visual e outro de baixa carga visual, hos quais criang¢as (8-12 anos), adolescentes
(13-17 anos), jovens adultos (18-29 anos) e idosos (= 65 anos), realizaram as
tarefas cognitivas. Seguindo um desenho experimental misto, sessenta e quatro
participantes de cada grupo etario realizaram duas sessdes individuais com um
intervalo entre elas de 14-23 dias; uma das sess0es foi realizada no ambiente de
alta carga visual, enquanto que a outra sesséo foi conduzida no ambiente de baixa
carga visual. Em cada sesséo, os participantes realizaram duas tarefas de atencéo
(go/no-go e tempos de reacao de escolha) e duas de memoria (blocos de Corsi e
Figura Complexa de Rey). A ordem de aplicacao das duas condi¢cdes ambientais,
assim como a ordem de realizacdo das tarefas foi contrabalancada entre os
participantes. Alguns instrumentos adicionais foram ainda aplicados para recolha
de informacgédo sociodemogréfica e para avaliar variaveis individuais (ansiedade-
estado, depressao e cronétipo).

Em geral, as criancas, os adolescentes e os idosos apresentaram melhor
desempenho quando realizaram as tarefas cognitivas no ambiente de baixa carga
visual do que no ambiente de alta carga visual. Especificamente, no ambiente de
alta carga visual, as criancas apresentaram menor percentagem de hits (go/no-go)
e de respostas corretas (tempos de reacao de escolha), apresentando igualmente
maiores tempos de reacao a estas Ultimas; apresentaram ainda menor
desempenho nas duas tarefas de memoaria. Os adolescentes também tiveram pior
desempenho no ambiente de alta carga visual; concretamente, neste ambiente os
adolescentes apresentaram, nas tarefas atencionais, menor percentagem de hits e
de respostas corretas, assim como maior percentagem de falsos alarmes e de
erros; apresentaram ainda pior desempenho nos blocos de Corsi. Os idosos
tiveram também pior desempenho no ambiente de alta carga visual,
especificamente com menor percentagem de hits e maiores tempos de reacdo na
go/no-go, menor percentagem de respostas corretas e mais erros na tarefa tempos
de reacédo de escolha e pior desempenho nos blocos de Corsi. Nos jovens adultos,
nao verificamos qualquer influéncia significativa da manipulacdo ambiental.
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Quando analisdmos os dados de todos os grupos, os resultados revelaram efeitos
principais de grupo etario em todas as variaveis consideradas (tal como previsto),
bem como vérias interacdes Ambiente x Grupo-etario. Embora algumas excecdes
tenham sido encontradas, os resultados descreveram genericamente o padréao
habitualmente encontrado nos estudos desenvolvimentais: os idosos e as criancas
apresentaram o pior desempenho, seguidos dos adolescentes e finalmente dos
jovens adultos que obtiveram o melhor desempenho cognitivo, como esperado. A
influéncia da manipulacdo ambiental no desempenho cognitivo ocorreu nos trés
primeiros grupos, tal como expectado. Também apresentamos um breve estudo
exploratorio, onde averiguamos se o efeito ambiental diferiu quando as variaveis
individuais ansiedade-estado, depressao e cronétipo foram consideradas; os
resultados nem sempre foram consistentes com as nossas previsées, embora
devamos ter cautela com as suas conclusdes, dado tratar-se de um estudo
puramente exploratério.

O presente trabalho prop8e um paradigma experimental alternativo para o estudo
da distracdo visual. Este acrescenta mais validade ecoldgica, fornecendo
resultados que provavelmente refletem mais fielmente o que acontece em
contextos reais. Os nossos resultados indicam que a manipulagdo ambiental
realizada afeta o desempenho cognitivo em tarefas cognitivas basicas,
particularmente em grupos etarios mais vulneraveis a influéncia de potenciais
distratores. Os nossos resultados séo discutidos a luz das teorias existentes.
Implicacdes praticas e sugestbes para estudos futuros sao igualmente avancadas.
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Visual surrounding environment, high-load visual environment, low-load visual
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Visual distraction is widely studied in different age groups. Usually, in these
research, targets and distractors are shown on the same visual display (e.g., the
computer screen), a procedure that hardly mimics the everyday conditions in which
we operate. We frequently have to perform tasks in environments that surround us
with many visual stimuli but little is known about their specific influence on cognitive
performance.

The main goal of this project was to develop a more ecological procedure that more
closely represented the conditions we face in everyday life to study visual
distraction across different age groups. To this end, we created two environments,
manipulated in a controlled manner, in which participants responded to a set of
basic visuo-spatial cognitive tasks. Specifically, we developed a high-load visual
surrounding environment and a low-load visual surrounding environment under
which children (8-12 YO), adolescents (13-17 YO), young adults (18-29 YO), and
older adults (= 65 YO), responded to these tasks. Following a mixed experimental
design, sixty-four individuals from each age group participated in two individual
sessions with an interval of 14 to 23 days between them: one session was
completed in the high-load, whereas the other session was completed in the low-
load visual surrounding environment. In each session, participants performed two
attentional tasks (go/no-go and choice reaction time) and two memory tasks (Corsi
block-tapping and Rey Complex Figure). The orders of the environmental
conditions, as well as of the tasks were counterbalanced among participants. Some
additional instruments were also applied to collect sociodemographic information
and assess individual variables (state-anxiety, depression, and chronotype).
Overall, the children, adolescents, and older adults obtained better cognitive
performance when the tasks were completed in the low-load as compared with the
high-load visual surrounding environment. Specifically, in the later children obtained
a lower percentage of hits (go/no-go) and of correct responses (choice reaction
time), as well as longer reaction times for the correct responses; they also
presented a lower performance in the two memory tasks, when these were
performed in the high-load visual surrounding environment. As for the adolescents,
when in the high-load environment, they obtained a lower percentage of hits and of
correct responses, as well as a higher percentage of false alarms and errors and a
lower Corsi span. Performance of the older adults was also lower in the high-load
environment, specifically with lower percentage of hits and longer reaction times in
the go/no-go task, lower percentage of correct responses and more errors in the
choice reaction time, as well as lower performance in the Corsi block-tapping task.
Performance of the young adults was not significantly influenced by our
environmental manipulation. When the data were analyzed across all age groups,
the results revealed main effects of age group in all of the considered variables (as
expected), as well as several Environment x Age-group interactions.
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Although some exceptions were found, in general, the results described the pattern
of results usually found in developmental studies: the older adults and the children
presented the lowest cognitive performance, followed by the adolescents, and
finally by the young adults who obtained the best cognitive performance, as
predicted. The former three groups were also the ones that were influenced by our
environmental manipulation, as expected. We also briefly explored if the effect of
our environmental manipulation differed when the individual variables of state-
anxiety, depression, and chronotype were considered; the findings were not always
consistent with our predictions although not firm conclusions should be drawn from
these exploratory analyzes.

The current work proposes an alternative experimental paradigm to study visual
distraction that more likely reflects what occurs in real settings, adding more
ecological validity to this area of research. Our results indicate that such
manipulation disrupts performance in basic cognitive tasks, particularly in the age
groups that are more vulnerable to the influence of potential distractors. Our results
are discussed in light of the existent theories. Practical implications and suggestions
for future studies are also mentioned.
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PREAMBLE

“It is not true that the laboratory can never be like life.
The laboratory must be like life!”

(Gibson, 1979, p. 3).

Understanding humans’ cognitive functioning in theveryday life is one of the
most important goals of Experimental Cognitive P®}ogy. Visuo-spatial distraction
across the lifespan is a topic that has been of witkrest in this area of Psychology. In
these experimental studies, distraction is usuaklasured by specific cognitive tasks,
in which targets and distractors are presentedhvensame visual display (e.g., on the
computer screen). However, little is known abouwt ithfluence of a visually-enriched
surrounding environment on cognitive performanceliiferent age groups, a gap we
intend to start fill with the current work. As ddad by James J. Gibson (1979%he
laboratory must be like lifé!(p. 3), and although our research was not carigdin a
purely natural settingwe aimed to add more ecological validity to thegedure
employed while still making use of cognitive taskassically administered. The central
goal of this PhD project was to investigate whethenigh-loadvs. low-load visual
surrounding environment influences cognitive perfance (as assessed by basic
cognitive tasks) across the development. To thds groups of children, adolescents,
young adults and older adults responded to a stts&s while being surrounded by a

high- and a low-load visual surrounding environmardifferent times.

This PhD thesis begins with &ntroduction and literature revieWChapter 1), in
which we present the main concepts that suppastwiork, the conclusions of several
studies, and identify the gap in the literaturd thativated this project. We also present
the specific goals and hypothesis for this projéctChapter 2, we describe global
aspects of th&lethodologyused in all studies included in this project. InaBters 3-5,
we present three manuscripts being prepared fomissibn to international peer-
reviewed journals. In Chapter 3, we report the whrkused in children aged 8-12
years; the Manuscript is entitledVhen visual stimulation of the surrounding
environment impairs cognitive performance: A studth children Chapter 4 presents

the work conducted with adolescents (ages: 13-Arsyand its title isThe damaging



influence of a high-load visual surrounding envimoent in visuo-spatial cognitive
performance: A study with adolescer@hapter 5 focuses on the work done with older
adults & 65 years old) and young adults (18-29 years dl®;Manuscript is entitled
More trouble than good? The influence of the viswaltounding environment in older
adults and young adults’ cognitive performandef note, Chapters 3-5 refer to
manuscripts that were organized in a way to complth the guidelines (e.g.,
formatting, number of words, and specific sectioois)he international peer-reviewed
journals where we aim to submit then for publication Chapter 61(tegration of the
data from all four age groupswe explored if our predictions regarding coguati
performance across age groups were replicated nrs@mples and with the specific
tasks we used. More importantly, this Chapter prissa developmental analysis of the
influence of our environmental manipulation (highs. low-load visual surrounding
environment) in the attentional and memory tasksdus this project by comparing
such influence across age groups. Given that dewelimidual variables can influence
cognitive performance as denoted in a sub-sectigheointroductory chapter, such as
state-anxiety, depression, and chronotype, in @napt(The influence of the visual
surrounding environment on cognitive performancéerafcontrolling for anxiety,
depression, and chronotypewe explored if the environmental effects desadlibn
Chapters 3-6 for each age group differed when eatiese variables were considered.
In Chapter 8, we present @eneral Discussiorof our results, proposing practical
implications, and identifying some limitations afiroproject and suggestions for future

studies.



CHAPTER 1.

Introduction and literature review



1.1. Selective attention, inhibition, and working memaoryfor visuo-spatial

information: A developmental perspective

In everyday life, we are continuously surroundedabwide variety of stimuli.
Attending and processing all of them is not possitsbcause humans have a limited
cognitive capacity (Buschman & Kastner, 2015; Busah, Siegel, Roy, & Miller,
2011; Oberauer, Farrell, Jarrold, & Lewandowskyl@(Peelen & Kastner, 2014). In a
complex environment with several stimuli, while somof them are relevant for our
ongoing behavior (i.e., target information), othars irrelevant to the task at hand (i.e.,
distractors) that should be ignored (Forster & kad011; Gilbert & Li, 2013). These
stimuli can be of different kinds, such as auditalyactory, and visuo-spatial (Galotti,
2013). The current work focused on the last ones.

To understand individuals’ limited capacity to pees external stimuli, a vast
number of studies has been conducted and severid¢k have been proposed. Most of
these studies are based on the bottom-up and tep-dmcessing approach (Gazzaley
& Nobre, 2012; Gilbert & Li, 2013; Shipstead, Haon, & Engle, 2012; Theeuwes,
2010). The first allows us to select stimuli acaogdo their features, such as novelty or
salience (stimulus-driven selection), whereas the-down is an active volitional
process, that is, stimuli are selected for proogsaccording to our goals (goal-driven
selection) (Schreij, Los, Theeuwes, Enns, & Oliy@&l4; Theeuwes, 2010). Since we
lack the capacity to process all surrounding stimtliere are several cognitive
processes specialized in selecting important inddion and in ignoring/inhibiting
irrelevant stimuli (distractors), such as selectatéention, inhibition, and working
memory (Awh, Vogel, & Oh, 2006; Eriksson, Vogel,nsaer, Bergstrom, & Nyberg,
2015; Gaspar, Christie, Prime, Jolicceur, & McDond&d16; Gazzaley et al., 2008;
Gazzaley & Nobre, 2012). Given that these constititee main cognitive processes in
which this work is focused, we present next a hitefinition of each of them, although
it is often difficult to present them as isolatetbgesses because they are closely
interrelated (e.g., Gazzaley & Nobre, 2012; Kiyam&gEgner, 2013).

Selective attention refers to the ability to focasr cognitive resources on
information that is important to a given task bytefing irrelevant information
(Gazzaley & Nobre, 2012; Lavie, 2010; Lavie, HirBe Fockert, & Viding, 2004).
Selective attention has been measured by a varfetgmputerized tasks, such as tasks

based on the response-competition paradigm, inhwkac instance, a target letter has to



be detected among distractor letters (e.g., L&065). Another type of tasks frequently
used is based on the visual choice reaction tife&kR{M) paradigm or response selection
paradigm. This type of tasks requires a specifspoase to each type of stimulus; for
example, the participant is instructed to presa specific button for a given stimulus
and in another button for another stimulus (Krilgk, & Samochowiec, 2016; Woods,
Wyma, Yund, Herron, & Reed, 2015). A vCRT task ilwes several stages, such as
perceptual analysis, response selection, and respproduction/motor reaction; in
other words, a VCRT requires selection of stimand of adequate responses (internal
processing), and then the execution of the sele@splonse (motor processing) (for a
review, see Kroll et al., 2016). In computerizedR/Cparadigms, it is usual to consider
several behavioral measures, such as: correctiisgpperrors, and reaction times. The
correct responsésoccur when participants press the correspondettbrizi for the
different stimuli. The errors occur when the papént press the button that do not
correspond to the stimulus. Reaction times are umedsfrom the onset of each
stimulus until a correct response was produced, (&/gods et al., 2015).

Inhibition is a crucial executive function thatalls us to suppress “actions that
are no longer required or that are inappropriateickv supports flexible and goal-
directed behavior in ever-changing environmentsérffuggen & Logan, 2008b, p.
418). It allows us to suppress not only undesiragl®ons/responses, but also thoughts
and emotions (Steele et al.,, 2013; Verbruggen & aopg2008a). Additionally,
inhibition (which can be an automatic or a congdltesponse) requires other cognitive
functions, such as selective attention (descrili®a/@ and working memory (Barrett,
Shimozaki, Jensen, & Zobay, 2016; Chikazoe, 20krpbkiggen & Logan, 2008a). To
assess this cognitive function, researchers oftémiraster go/no-go tasks (e.g.,
Chikazoe, 2010; Simmonds, Pekar, & Mostofsky, 2088yisuo-spatial go/no-go task
requires a specific response to a specific stimyeg., letterX), and a non-
response/inhibition-response to another stimulug.,(detterK; Steele et al., 2013).
Whereas a go/no-go task requires a specific regptms given stimulus and a non-
response to other stimulus, a vVCVR requires alvaajise responses to all stimuli (e.g.,

to press in keyboard key “Q” for the red color dndpress in “P” to the green color;

! The behavioral measures of VCRT tasks are comnpelsented in percentage or proportion.

The misses/omissions are considered when partisighnnot respond to each stimulus within

the time window. Their percentages are complemegritathe percentage of correct responses
and errors: [% of misses = % total of stimuli —@¥correct responses committed + % of errors
committed)].



Steele et al.,, 2013; Woods et al., 2015). In coemmed go/no-go paradigms, it is
common to consider several behavioral measureh, asichits, misses/omissions, false
alarms, correct rejections, and reaction timess Earrespond to thgo stimuli (target)
that are followed by the predefined button predsereas misses/omissiénefer to the
number of times a participant failed to press fhecdic keyboard key in the presence
of thego stimuli. False alarms correspond to the caseshiciwthe participant presses
the keyboard key to theo-go stimuli (non-target). Correct rejectichsorrespond to
the trials in which the participants do not resptmdheno-gostimuli. Reaction times
refer to the time between the onset of the impegastimulus and the registration of
the keyboard key press; they usually refer to treect responses only. All measures
are registered within a specific time window; respes given outside this time
window are considered misses/omissions (e.g., Bods & Pandeirada, 2015; Steele
et al., 2013).

Working memory refers to a system (or set of sudiesys) with a limited capacity
that is responsible for the temporary manipulatiand storage of information
(Baddeley, 1992, 2010, 2012). One of the most egdlavorking memory models is the
one proposed by Baddeley and Hitch (1974), which leen updated over the years
(e.g., Baddeley, 1992, 2001, 2010, 2012), and @xpetally replicated by several
authors (e.g., Santana & Galera, 2014). This workiemory model suggests that there
are four main components: central executive, vigpatial sketch-pad, phonological
loop, and episodic buffer. The first componentesponsible for the attentional focus,
that is, allow us to select essential stimuli fogigen task and to ignore irrelevant
information/distractors. The visuo-spatial sket@dpmanipulates and storages spatial
and visual information, whereas the phonologicabplois responsible for the
manipulation and storage of verbal material. Thisaghc buffer integrates verbal and
visuo-spatial information; it is also essentialdonnect recent information with the
long-term memory system (Baddeley, 2010, 2012)s Trhodel is one of the most
important in explaining cognitive functioning, nohly because it is able to explain

working memory functioning, but also because resesas have found a bidirectional

> The behavioral measures of go/no-go tasks areudrdty presented in percentage or
proportion. The percentage of misses/omissionsngpementary to the percentage of hits: [%
of omissions = % total ajo stimuli - % of hits committed].

® The percentage of correct rejections is compleargrib the percentage of false alarms: [% of
correct rejections = % total ob-gostimuli - % of false alarms committed].
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relation between working memory and several othegnitive processes, such as
selective attention, response selection, and inbib{Barrett et al., 2016; Gaspar et al.,
2016; Gazzaley & Nobre, 2012; Rowe, Toni, Josepiiackowiak, & Passingham,

2000). These cognitive processes share a stroagorehip (Gazzaley & Nobre, 2012;
Konstantinou, Beal, King, & Lavie, 2014). For insta, in a given environment (with

several stimuli, particularly visuo-spatial infortiwm), selective attention, working

memory, and inhibition are three crucial processeshey allow us to select external
stimuli (selective attention) according to our mi@ representations (working

memory), and to inhibit responses to non-targehdii (distractors) (Dube, Basciano,
Emrich, & Al-Aidroos, 2016).

The bidirectional relation between selective ateniand working memory has
been explained by the top-down modulation that eliated by the prefrontal cortex
(Zanto, Rubens, Thangavel, & Gazzaley, 2011), whislo plays a crucial role in the
relation between selective attention and inhibitidine first is mostly guided by
processes in the prefrontal cortex which is reguldty inhibitory signals (Schrobsdorff,
Ihrke, Behrendt, Hasselhorn, & Herrmann, 2012)héligh a group of brain areas are
involved in selective attention, inhibition, and fkimg memory, as we mentioned
above, the prefrontal cortex has been identifiechasng special relevance in these
processes (Lara & Wallis, 2015; Rae, Hughes, Amer& Rowe, 2015; Squire,
Noudoost, Schafer, & Moore, 2013). The prefrontaitex, a neocortical region that
receives and sends projections of several ceredgains, is very important for the top-
down and bottom-up modulations (Katsuki & Constaidis, 2012; Zanto et al., 2011).
That is, in a complex environment, the prefrontaitex is responsible for controlling
the stimulus-driven selection (bottom-up modulatjiomnd guides our behavior
according to our internal states and goals (toprdowdulation; Eimer, 2014; Miller &
Cohen, 2001; Zanto et al., 2011).

Overall, cognitive functions throughout the lifespdescribe an inverted U-shaped
curve, that is, they develop during childhood, omrg to maturate in adolescence, reach
their peak in adulthood, and then decline as adattiprogresses to older ages (Craik &
Bialystok, 2006; Sander, Lindenberger, & Werkle-gear, 2012). The beginning of the
cognitive declination is not consensual in theditare. For some researchers, it starts in
middle-adulthood, whereas for others it usuallytstat older ages (e.g., 60-70 years
old; Salthouse, 2009). More consensual is the itl@a cognitive functions change

across the lifespan, although these alterationeviotlifferent paths depending on the
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cognitive domain (Craik & Bialystok, 2006; Rodrigye2012; Sander et al., 2012;
Williams, Ponesse, Schachar, Logan, & Tannock, 199% understand these
developmental differences, it is very common to mster specific cognitive tasks to
different age groups and to compare their resutg.,( Brockmole & Logie, 2013;
Swanson, 2017; Vidal, Mills, Pang, & Taylor, 20Mjlliams et al., 1999). This has
been done in the three domains of interest invitoik.

Regarding selective attention, we exemplify thepomse-competition paradigm,
a widely used paradigm in selective attention gsidas mentioned above (Lavie, 2005;
Lavie et al., 2004; Tan et al., 2015). An exampseda on this paradigm includes the
presentation of a group of letters displayed ifreutar array on the computer screen. In
each trial, the participant is instructed to intkc&responding with a specific keyboard
key) which pre-specified letterX(or N) is shown in the circular array, whereas a
distractor appears in the periphery of the cirdlae circular array is composed of
distinct letters including one of the two letteXsor N. The peripheral letter (distractor)
is also the lettetiX or N. Thus, two types of conditions are usually adnéne:
congruent and incongruent; in the first case, tasgel distractor are the same letters
(e.g., X-target andX-distractor), while in the incongruent conditiorettarget letter
differs from the distractor. This constitutes aesélie attention task because the
participant has to select the target letter amdhgrdetters. In general, performance is
worse in incongruent conditions (revealed by fewerrect responses and slower
reaction times), because of response-competitinat, is, the cognitive resources are
divided between different letters. This type ofkeadias been applied in different age
groups, revealing differences in their results Wwhicsually describe an inverted U-
shaped curve. In particular, the results of thek taave revealed that the performance of
children and older people is worse than that ofngpadults. Such results have led
authors to conclude that children and older adudge lower processing capacity than
other age groups, specifically than young adults & review, see Lavie, 2005). This
tendency has been found in several developmenidiest with different experimental
paradigms (e.g., Combi-TVA taSkMcAvinue et al., 2012). As mentioned above,
VCRTs require not only the selection of informatidout also the selection and

execution of adequate responses, and also assess$ing speed. This type of tasks

* This task assessed selective attention and indavgash of red and blue letters; participants
were instructed to report verbally all red lett@esgets), ignoring the blue letters (distractoits).
was a combination of visual stimuli and verbal msges (combi).
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has revealed age differences in their resultsinfstance, young adults provide usually
higher percentage of correct responses and arer fisin children and older adults
(Dykiert et al., 2012; Woods et al., 2015). Thisoige of the tasks we adopted in the
current project.

Other traditional tests are also used for assgssgtective attention, such as the
d2 - test of attentioiBrickenkamp, 2007). This test consists of a paberet with 14
rows. Each row contains 47 characters; each clereatresponds to one of two letters:
d or p. Each letter contains one, two, three or fourtdrauperscript and/or subscript.

Participants are instructed to find the letden each of the rows that contains two traits
(e, 14 ‘f ). For each row, the participant has 20 secongsettorm the task. In this

test, both the targets (lettémwith two traits) and the distractors (lettewith one, three

or four traits, and lettgp with one, two, three or four traits) are preseritethe same
visual display, that is, in a paper sheet. Reddige also revealed an inverted U-shaped
curve, in which children and older adults presenkedworst performance, followed by
adolescents, and finally the young adults that garexl the best performance (e.g.,
Brickenkamp, 2007; Rivera et al., 2017).

In this paragraph, we present conclusions of stuthat investigate inhibition in
different age groups. Williams et al. (1999) stadiesponse inhibition in a large sample
of participants I = 275) aged between 6 and 81 years. In this relseawo letters
appeared on the computer screen, one at a Xme©O. Participants were instructed to
press as quickly as possible in the specific respdiutton as the letter appeared (each
letter had a specific response button) - this spwaded to a visual choice reaction time
task/response selection task. In the second péneaéxperiment, participants continued
to performe the task, but were now instructed op sesponding to trials whenever they
heard a tone (stop-signal) — this correspondedheorésponse inhibition task. In both
tasks, the dependent variables were the reactioest{ms). The results revealed an U-
shaped curve not only in inhibitory response, Bsb & the choice reaction time task.
In other words, the ability to select stimuli andrhibit responses improved throughout
childhood and adolescence, and started to dedtieeadulthood. However, the authors
claimed that “the age-related change in inhibitoontrol could not be explained by
general speeding or slowing of responses” (Williaghal., 1999, p. 205). In another
study conducted by Kim, Iwaki, Imashioya, Uno, dngita (2007), a visual go/no-go

task was administered to compare the performancehibdren N = 9; Mage = 8.90



years) with that obtained by young adulté £ 13; Mage = 23.32 years). In this task,
several equilateral triangles were presented oretiate in four different positions on a
computer screen. The experience was composed otrizd$ divided into 12 blocks
with 20 trials each. In each block, the majoritytbé triangles (60%) appeared in a
vertical position and pointing up, whereas 20% appe in a vertical position and
pointing down; in the remaining trails (20%), trig@s were shown in other positions.
Participants were instructed to press a specifibsard key when the stimulus was a
triangle pointing up do stimulus) and not to press the keyboard key whiemdles
pointing to other directions were presentad-¢o stimuli). The results suggested that,
although there were no significant age group dcfiees in error rates, the reaction
times were statistically different between the ygpuwadults and children, with young
adults being significantly faster at responding.(ishorter reaction times) than children.

Regarding the visuo-spatial memory, we focus onRbg Complex Figure. This
is one of the most widely used visuo-spatial taskthe world, and it assesses several
cognitive processes, such as visuo-spatial alsil{geg., visuo-spatial memory), as well
as planning, organizational, perceptual, motor, @ntstructive skills (Rey, 1988). This
task can be administered in many forms of whichigélight two: copy and immediate
recall. In the copy administration, participante arstructed to copy the Rey Complex
Figure in the presence of the stimulus-figure. He tmmediate recall, which occurs
three minutes after concluding the copy, participaare instructed to reproduce the
same figure without the presence of the stimulgsr®. In both cases, the maximum
score is 36 points. This test has been applie@weral age groups, including children
and adolescents (Fernando, Chard, Butcher, & McR8§3), as well as in young- and
older adults (Yamashita, 2015). Similarly to thdeational and inhibition tasks
described above, the Rey Complex Figure has bessibée to detect developmental
differences. Specifically, in immediate recall, s, Pinho, Lopes, Sousa, and Lopes
(2011) reported that performance increased with Bgea sample composed of
participants aged 5-15 years. Bonifacio, CardogeiRe and Pires (2003) conducted a
research with 145 participants aged 15-90 yeairslelivin three groups: 15-39, 40-59,
and>60 years old. The authors found that the first grobtained the best performance,
followed by the second group, and finally the oldarticipants who obtained the worst
immediate recall.

Another task that is widely administered in difigreage groups is the Corsi block-

tapping task (Corsi, 1972; Kessels, van Zandvétwostma, Kappelle, & de Haan, 2010;
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Pagulayan, Busch, Medina, Bartok, & Krikorian, 2R08his task has been used to
assess visuo-spatial working memory in clinical and-clinical samples, as well as in
a wide variety of research settings (Brunetti, Balto, & Delogu, 2014; Kessels, van
den Berg, Ruis, & Brands, 2008). The traditionakt@onsists of a board with nine
numbered cubes (1-9). Individuals are instructeteppoduce block-tapping sequences
of increasing length (more detailed informatiorprevided in the General Method of
this work). Besides this traditional form of adnsitnation, computer versions have also
been used in several samples and contexts (e.@llevi& Piper, 2014; Robinson &
Brewer, 2016). Age differences have also been tegtan this task (e.g., Brunetti et al.,
2014; Pagulayan et al., 2006), corroborating thgnitive developmental pattern
previously described. For example, Carlesimo e(18198) reported the following age-
related differences on the memory span measuretisytask: young adultdMage =
29.4 years) performed better than older aduMged = 66.7 years), who, in turn,
obtained a higher memory span than very old adMige = 82.5 years). Similar results
were obtained in a study in which a eCorsi formn{paterized version) was used:
young adultsage= 21.6 years) had higher memory span than olddtsafge= 57.6
years) (Brunetti et al.,, 2014). Pagulayan et a0 administered the Corsi block-
tapping task in a sample aged 7-21 years, and wded!|that memory span capacity
increased linearly with age. A more recent stud\Bhyggraaf, Frens, Hooge, and van
der Geest (2017) revealed a similar pattern oflt®sin a sample composed of 330
participants aged 11-20 years, they assessed smat@l memory with a task inspired
by the Corsi block-tapping task. The authors fotimat performance improved with
age, that is, the number of correctly identifiedtgras increased with age (with no
gender differences).

In short, in our everyday life, our cognitive systallows us to select relevant
information from our surrounding environment, whilégnoring irrelevant
information/distractors. This capacity changes srihe lifespan and can be measured
by several cognitive tasks as mentioned above. Mdenstand the mechanisms
underlying the inhibition of irrelevant informatiddistractors) is essential in cognitive
psychology. In the next topic, we explore in gredaletail the study of visual distraction
and present a different experimental approachitastbeen recently created (Rodrigues

& Pandeirada, 2015) to explore this issue.
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1.2. The study of visual distraction: From a typical toan alternative

experimental paradigm

The study of distraction for visuo-spatial infortoa is vast, and it has been
conducted with several age groups and differenegypf tasks (Chadick, Zanto, &
Gazzaley, 2014; Gupta, Hur, & Lavie, 2016; Laviel@, Madden & Langley, 2003;
McAvinue et al., 2012; Sander et al., 2012; Zartale 2011; Zelazo, Craik, & Booth,
2004). For the most part, these studies use compedetasks in which target stimuli
and distractors are presented on a computer scasenge referred above (e.g., Lavie,
2010; Madden & Langley, 2003). Many of these tamlesbased on the Load Theory of
Attention (Lavie et al., 2004), which defends tweahanisms of selective attention.
One is a perceptual selection mechanism which comts action in high-load
conditions preventing distractors from affectingreat performance. The other is an
active attentional control mechanism that is triggein low-load conditions after
distractors have been perceived; this mechanisnchwhkiepends on several other
cognitive functions, such as working memory, allowse to ignore the irrelevant
distractors (Lavie, 2005, 2010). This type of tasksually in computerized versions,
has allowed us to point out practical implicatidoisthe daily life of several age groups
(Forster & Lavie, 2011; Lavie, 2005, 2010). Howevéttle is known about the
selective capacity of individuals in contexts thadre closely mimic real life as stressed
by several authors (e.g., Lavie, 2010; Wu, WickR&mplun, 2014).

A different vein of studies has explored how tieug-spatial characteristics of the
surrounding environment impact several aspects wham routines, such as in
healthcare settings, in workplaces, forensic adkajing performance, or scholar
contexts, just to name a few examples. Next, wegmesome studies which show the
importance of the research on the interaction betwenvironment and human
performance.

In clinical settings, the presence of certain @eta (e.g., nature paintings, live
plants, television) seems to produce a positivecefbn patient satisfaction, emotional
states and speed of recovery, as compared to taooms without these elements
(Devlin & Andrade, 2017). In such settings, theluehce of the surrounding
environment on several variables, such as stressir@fle & Devlin, 2015; Ulrich,
Simons, & Miles, 2003), patient anxiety and agaati/Aghaie et al., 2014; Nanda,
Eisen, Zadeh, & Owen, 2011), pain control (Diettechtzin, Haponik, Devrotes, &
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Rubin, 2003; Vincent, Battisto, Grimes, & McCubb)10), and subjective well-being
(Raanaas, Patil, & Hartig, 2010; Tanja-Dijkstral2)) has been widely explored.

Ecological approaches have also been consideredgamizational settings over
the last decades (Davis, 1984; Kwallek, Soon, Wongd& Alexander, 2005; Thayer et
al., 2010). The effect of color walls in job satistion and in perceived performance are
two of the most studied aspects. For instance, kelkadt al. (2005) conducted a study
in which the participants were separated into thdigierent groups; this distribution
took into account the participants’ capacity todgnirrelevant stimuli as measured by a
previous screening. Each group performed a sefficedasks throughout four days, but
one of them performed the tasks in an office pdintewhite, other group in a red
office, and the third group performed the taska inlue-green office. The three spaces
were identically furnished and had a similar sizbe results suggested that higher
perceived job satisfaction and perceived perforraanere found in the white and in
blue-green offices, when compared to the red affi@itionally, the participants with
a higher or moderate capacity to ignore irrelevatimuli revealed greater job
satisfaction and performance than the participaaits low capacity. Other aspects have
been studied in workplaces contexts, such as feetadf the surrounding environment
in physiological stress response (e.g., Thayek. €2@10), or in employee’s productivity
(Barry, 2008a, 2008b).

The influence of the surrounding environment his® deen considered is the
forensic area. In a study conducted by Mastrobararand Vredeveldt (2014), a sample
of 120 children aged 8-11 years participated intimdated eyewitness interview.
Children were tested individually in an isolate@moat their school. Each participant
watched a short clip showing a series of eventsgaklace in a residence (e.g., an
individual stealing € 50 from a wallet; a girl magia phone call). Then, a cued-recall
interview was conducted in four distinct conditioldack screen, eye-closure, visual
distraction, and auditory distraction conditionteTparticipants were divided into four
groups, and each one participated in only one e$dghconditions. In the first, each
participant was looking at the black screen while interview was being conducted. In
the eye-closure condition, the participants wesdrutted to respond to the interview
with their eyes closed. In the visual distractioandition, the participants were
instructed to look at the screen where visual diimppeared. Finally, in the auditory
condition, the participants were looking at thecklacreen while they heard auditory

stimuli. Children in the eye-closure and in the cklascreen conditions provided
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significantly more correct and fewer incorrect @sges about visual details than
children in the visual- and auditory-distractiomddions. However, regarding auditory
details, the authors did not find differences amtivegfour conditions. The researchers
argued that in the two conditions in which the jogyants had a better performance
(black screen and eye-closure), the interferenceerofironmental distractions was
minimized. A comparable pattern of results was jesly observed in a similar

experimental work with an adult sample (Vredevdittch, & Baddeley, 2011).

Another applied context in which visual distraatis widely studied refers to
driving, particularly in older adults (e.g., Aksahal., 2013; Cuenen et al., 2015; Salvia
et al., 2016). For instance, a study conducted ksaA et al. (2013) used a naturalistic
distraction paradigm (visual search for roadsidgéets). In this study, 120 healthy older
adults and 83 middle-aged drivers participatedniroa-road test with an instrumented
vehicle. They were instructed to drive to a speqifiace with a researcher in the front
passenger seat. Among other tasks, the participearts instructed to verbally identify
traffic signals. Video recordings were also doneg @hen examined by a certified
driving instructor. Results suggested that the rolttults identified fewer landmarks
and performed more safety errors (e.g., incomedes, poor lane observance) than
middle-aged participants. Moreover, the authorgrad that it is imperative to create
conditions “of implementing and quantifying perfante in specific driving tasks
typically tested in simulator studies, in the realrld” (p. 848).

The characteristics of the surrounding environmenschool settings have also
received interest in recent years with a focus ow ht impacts learning (Fisher,
Godwin, & Seltman, 2014; Godwin et al., 2016). Adhetical approach that has been
used to explain the influence of the surroundingirenment in learning gains is the
environment-behavior model (Barrett, Davies, Zhar®, Barrett, 2015, 2016).
According to this model, children’s achievement dam affected by the physical
environment of classrooms. This model supportsetidesign principles that can impact
learning gains: naturalness, individualization, atichulation. The first considers that
“links to nature” (Barrett et al., 2015, p. 119g.e daylight and plants) are essential to
provide adequate space for learning. The individatibn principle defends that
intimate and personalized spaces are better fanitep activities. The stimulation
includes two parameters which are very importargl@ssrooms: complexity and color
of the space (Fisher et al., 2014; Godwin et @162 Jalil, Yunus, & Said, 2012).

Specifically, the colors of spaces have an impactearning activities not only in
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younger students (Barrett et al., 2015), but atsacdllege students (Al-Ayash, Kane,
Smith, & Green-Armytage, 2016). For instance, villde helps to focus attention on
learning activities, whereas vivid red and yellove associated with distraction and
impairment of attention (for a review, see Al-Ayaxtal., 2016). The complexity of the
environment includes elements of the room (e.guali elements) and how they are
combined to create a structured or a chaotic sodiog environment (Barrett et al.,
2015). The latter has inspired a series of studiash as the following two: (1) Fisher et
al. (2014) and (2) Stern-Ellran, Zilcha-Mano, Selda Levit Binnun (2016).

The study by Fisher et al. (2014) aimed to stdidlya presence (absence) of visual
elements in children’s learning environment woulféa their learning gains. To this
end, in a within-subjects design, twenty-four cteld M.ge= 5.37 years) participated in
several lessons over two weeks. Half of the lessaesrred in a decorated-classroom
and the remaining in a sparse-classroom. The decbcandition was a laboratory
classroom containing several visual elements ugt@alind in schools, such as posters,
maps, and paintings, whereas the sparse-classr@sna faboratory room without these
visual stimuli (illustration of the two environmeahtconditions: Fisher et al., 2014, p.
1364). The order of the environmental manipulati@s alternated among lessons, with
the first occurring always in the sparse-classroéfter each lesson, paper-and-pencil
assessments were applied to measure learning gslinkessons were videotaped to
register children’s behavior, including their dasttibility. Four coders classified the
participants’ behaviors during lessons as on- btask according to the direction of the
children’s eye gaze. When children were engageld aviteacher or with other learning
elements (e.g., books), their behaviors were dladsas on-tasks, whereas when they
were interested in irrelevant information (engagehveth surrounding environment or
with another child), behaviors were classified #stasks. Moreover, the duration of
each off-task behavior (distraction) was also messiDistractions were classified into
four types: self-distraction, peer distraction, iemwmental distraction, and other
distractions. Results suggested that the high-dsedrenvironment impaired learning
gains. Participants were also more distracted gehtsmore time off-task in the
decorated-classroom, as compared to the sparsFambas. Additionally, in the
decorated-classroom condition, the central soufcdigiraction was the surrounding
environment (i.e., maps, drawings, pictures, et€his work stressed the potential
negative effect of a high-decorated classroom iifdi@n’s performance. In a review

paper by Choi, van Merriénboer, and Paas (2014),atithors claim that researchers
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have “paid very little attention to the effectstbg physical learning environment on
cognitive load and learning” (p. 238); this is gitothat has been overlooked in the
psychology literature.

A study by Stern-Ellran et al. (2016) aimed toniifly the effect of a colorfuvs
non-colorful surface on children’s structured pl@g. this end, preschool children (age
range: 38-52 months) performed three typical presclgames in a colorful and in a
non-colorful surface in two separate sessionshéndolorful condition, a surface was
covered with paper containing several images amarg,owhereas in the non-colorful
condition the stand was covered with a white papach child, individually (only in
the presence of the researcher), completed twaossswith an interval of 1-2 weeks
between them. One of the sessions was performéukigolorful and the other in the
non-colorful condition. The order of the conditiomas randomized across participants,
and the order of the games was the same for dicjpants and in the two sessions.
Similarly to Fisher et al. (2014), each session veasrded by two cameras that allowed
researchers to code and analyze children’s beha&mording to the results, in the
colorful surface, children had more disruptive hebtis than in the non-colorful
surface. The disruptive behaviors included, fotanse: looking away, vocalizing, and
missing pieces of the game. The authors arguedcthlalren were more distracted in
the colorful than in the non-colorful surface ameculated that these results could be
due to an influence of the visual surrounding emvinent in attentional, perceptual, and
other cognitive processes, as well as to immatuwifityhe voluntary control of attention.
Of note, although it is proposed that basic cogeitprocesses could explain the
findings, this study did not use specific cognitiasks.

The last couple of studies discussed their reagtsiming that the environment
caused a worsening in learning and play performatme@ more “complex” dependent
variables. However, studies exploring the relatlmetween the visual surrounding
environment and cognitive performance as measuyedplecific cognitive tasks are
scarce. An exception is our previous study conduetéh a sample of older adults
(Rodrigues & Pandeirada, 2015). In this study weeai to explore the influence of the
surrounding environment in specific cognitive tagkat evaluated visual attention,
inhibition, and verbal working memory in older a$ulN = 40;Mage = 72.98 years). In a
within-subject design study, forty older adults fpened two visual attention tasks
(simple reaction time and go/no-go tasks), andethrerbal working memory tasks

(arithmetic, memory for digits and sequences dketstand numbers) in two sessions
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separated by an interval of 14-21 days. Importatlpne of these sessions, tasks were
performed in a high-load visual surrounding envinemt (a room displaying several
visual stimuli, such as posters and photos), andhée other in a low-load visual
surrounding environment (the same room without alilements in the wall). For an
illustration of the two environmental conditiongesFigure 1 of the manuscript by
Rodrigues and Pandeirada (2015, p. 102). In eassise besides responding to the
cognitive tasks mentioned above, participants neded to a couple of additional
questionnaires; these provided information aboulitexhal variables (e.g., age, sex,
general cognitive level). The order of the enviremtal manipulation and of the tasks
were counterbalanced across participants. The tsestdvealed that cognitive
performance in the attentional tasks was impairéémthese were performed in the
high-load visual environment. Specifically, whee #ession was conducted in the high-
load condition, participants provided fewer acceiregsponses, more false alarms and
higher reaction times to the correct responsesh& go/no-go task. In both visual
attention tasks, the number of omissions was algioeh in the high-load environment.
As for the memory tasks, only performance in themmoey for digits in a forward
direction differed between conditions, being warsthe high-load condition than in the
low-load. We proposed that the effect of the vissiairounding environment had no
influence on the remaining tasks because they wetemainly focused on visual
stimuli; for example, the distractors were visualdathe memory relied on the
oral/auditory modalities. In this work, we combinedlidated cognitive tasks with a
visual surrounding manipulation, providing a mocelegical procedure. A particularity
of our previous work (Rodrigues & Pandeirada, 20d45) be highlighted in relation to
the studies previously mentioned (Fisher et all42@®tern-Ellran et al., 2016): we used
basic cognitive tasks that underlie more elaborataghitive processes (e.g., learning).
Thus, we believe that the experimental paradignd useour last study allows us to
better understand how basic cognitive processas (ftiderlie more complex behaviors)
are influenced by the surrounding environment anlt] wtimately, allows to better
comprehend human behavior in various settings,(éngscholar or organizational
settings).

Individuals are continually inserted in a visuakrsunding environment which
frequently appears to them as a “visual bombardim@ullard, 2016, p. 110), for
example: children and adolescents in schools, sidtulivorkplaces, and older adults in

daycare centers. As mentioned earlier, it is imjpbsgo process all the stimuli that
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surround us because our cognitive capacity is didhiddditionally, the capacity to do
so changes across different developmental stagesehtioned above, Rodrigues and
Pandeirada (2015) presented an exploratory studsioh they proposed an alternative
experimental paradigm that connects validated ¢vgntasks with a more ecological
approach. The present study aimed to further egplos procedure by examining the
effect of visual surrounding elements in cognitperformance (assessed by specific
cognitive tasks) in different developmental stagdstdren, adolescents, young adults,
and older adults. Additionally, we provide prelimmg data of the environmental
influence in cognitive achievements taking into ot several variables known to

affect cognitive performance, as considered next.

1.3. Anxiety, depression, and chronotype: What are theiroles in cognitive

performance?

In cognitive psychology studies, several individuzariables are usually
considered, such as anxiety, depression, and cdymmoas they have shown to
influence cognitive performance (Castaneda, Tudkowiksson, Marttunen, Suvisaari,
& Lonngvist, 2008; Fabbri, Frisoni, Martoni, Torigt& Natale, 2017; Schmidt,
Collette, Cajochen, & Peigneux, 2007).

Anxiety is a natural emotion with adaptive funatothat prepares the individual
to cope with the environment. It usually includesgmitive, physiological, and
behavioral manifestations (Gutiérréaicia & Contreras, 2013; Hendriks, 2017;
MacLeod & Mathews, 2012). In anxious individualbe tenvironmental stimuli are
filtered in agreement with previous experiencesti@rez-Garcia & Contreras, 2013).
Nevertheless, when anxiety is excessive, it carormecdistracting, disruptive, and
incapacitating (MacLeod & Mathews, 2012; Vytal, @eell, Letkiewicz, Arkin, &
Grillon, 2013).

One of the best-known models of anxiety is theteStaait Anxiety Theory
proposed by Spielberger, Gorsuch, and Lushene [18¢@ording to this model, there
are two different types of anxiety: state- andt{aaxiety. The first refers to a transitory
emotional reaction to a real or potential stresstuhulus (momentary), while the trait-
anxiety refers to a relatively stable tendency ¢mgosition) to experience anxiety. As

mentioned above, anxiety can disrupt cognitive gremance, particularly the state-
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anxiety (e.g., Derakshan, Smyth, & Eysenck, 2008gdwin, Brogan, & Stevenson,
2005; Shackman et al.,, 2006; Wetherell, ReynoldatzG& Pedersen, 2002). Its
negative effect in cognitive domains is very weltdmented, including in visuo-spatial
cognitive processes, in which anxious people hawendency for higher distraction
(e.g., Lapointe et al., 2013; in this study, p#mots were instructed to remember
sequences of visuo-spatial targets sometimes pgeskevithin irrelevant information).
The negative influence of higher anxiety in cogtprocesses is usually explained by
the Attentional Control Theory (Eysenck, Deraksh&antos, & Calvo, 2007).
According to this theory, anxiety biases severainttive processes, including cognitive
control, because anxious individuals prioritize tbot-up over top-down attentional
processes, leading to competition of limited resesirin working memory, particularly
the central executive. In other words, anxiety @oesi attentional resources that
otherwise would be used to respond to a given laskost studies, anxiety has been
assessed by self-report questionnaires, partigutgriSpielberger’s scales (Spielberger,
Edwards, Lushene, Monturoi, & Platzek, 1973; Smgjler et al., 1970). Although trait-
anxiety can be measured, it is common to measate-ahxiety, that is, the degree of
anxiety that participants are feeling at the exasiment they are responding to the scale
(e.g., Derakshan et al., 2009). This variable Hemve a negative effect on cognitive
performance in several age groups (e.g., youngsaddérakshan et al., 2009; children:
Hadwin et al., 2005; older adults: Stillman, Rowendt, & Moser, 2012), although
inverse results also exist (e.g., Ursache & Ra2@t4). However, an optimal point of
anxiety seems to be necessary to obtain a peatgoitove performance (Stillman et al.,
2012). Independently of these non-consensual egssthate-anxiety is an important
variable to consider in studies, as mentioned leefor

Depression also seems to be negatively associatbdcagnitive performance,
such as with psychomotor speed, attention, learnimgyial memory, and executive
functions (Castaneda et al., 2008; Holt et al.,62&lizilbash, Vanderploeg, & Curtiss,
2002). Depressed individuals tend to have a lowgtitya to supress irrelevant
information, as well as slower reaction times asngared with non-depressed
individuals (Desseilles et al., 2009; Levin, Helld&lohanty, Herrington, & Miller,
2007). The impairment of cognitive functions in induals with higher scores of
depression (which is usually measured with depoasguestionnaires) has been found
in several age groups, specifically in children i,tog memory and depression;

Aronen, Vuontela, Steenari, Salmi, & Carlson, 2Q0G&jolescents (cognitive control
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and depression; Vijayakumar, Whittle, et al., 203®ung adults (neuropsychological
functioning and depression; Baune, Fuhr, Air, & iHgr 2014), and older adults
(executive functions and depression; Lockwood, Apoulos, & van Gorp, 2002).
Several explanations have emerged to explain dggnimpairments in depressed
individuals: (1) these individuals tend to needreater degree of certainty before they
respond, a phenomenon named as catastrophic resfahse; (2) they usually have
reduced motivation to respond to specific stimuali dognitive tasks; (3) they also
present mood-related attentional and memory bias@sformation processing; (4) in
some cases, abnormalities in limbic-thalamic-cattmrcuits, which are a part of the
neurophysiology of depression, lead to detrimerg&kcutive functions (Austin,
Mitchell, & Goodwin, 2001; Porter, Bourke, & Gallagy, 2007). The recognized
importance of depression to cognitive performarecg.( Scult et al., 2016) justifies its
consideration in our research.

Another important variable that influences cogmtperformance is chronotype or
morningness-eveningness preferences (Dorrian, MgLBanks, & Loetscher, 2017,
Preckel, Lipnevich, Schneider, & Roberts, 2011;r8ich et al., 2007). Chronotype is an
individual characteristic based on the sleep-waksecmirrored in daily fluctuations in
psychological and physical abilities (LOpez-Samamsal., 2016; Matchock &
Mordkoff, 2009; Schmidt et al., 2007). There areeéhmain types of chronotype to
classify individuals: morning-, intermediate-, amyening-type. In the first type,
individuals have peaks of performance in the maynin the second in the middle of
the day, and evening-types have their peaks obprence in late hours of the day. In
developmental terms, children tend to be mornimpesy and become progressively
evening-types during adolescence; the peak of egaess usually occurs around the
age of 20. After that, individuals shift progresdivto a morning preference (Randler,
Falil, & Kalb, 2017; Roenneberg et al., 2004).

Several studies have revealed an influence of lthenotype in several cognitive
areas, such as attention, executive functions, (egibition), and working memory
(Valdez, 2012; Valdez, Ramirez, & Garcia, 2014)gémeral, the peak of performance
is closely correlated to biological factors, sustbady temperature which reach its peak
in different hours of the day according to speciflronotypes (Fabbri et al., 2017;
Hahn et al., 2012; Schmidt et al., 2007). Studegehalso revealed that when tasks are
performed during a person’s chronotype optimalqzkife.g., an evening-type person

performs the task at later times of the day), perénce is better than when they are
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done outside of the person’s optimal period (eag.,evening-type person performing
the task at earlier times of the day). In the fuigte, we say the task is being performed
in a synchrony moment, and in the second in an cdsgny moment. Due to the
potential effect of synchrony/asynchrony in cogmtiperformance, in research that
includes multiple sessions with the same partidipans important that these occur
during the same period of day (Schmidt et al., 208eélf-report questionnaires have
been one of the most used methods to assess oypenatdifferent contexts and with
different age groups, although other several mettedst, such as body temperature
and activity measurement, and onset melatonin secr@or an overview of alternative
methods, see: Valdez, 2012).

Considering the potential relevance of state-dpxaepression, and chronotype to
cognitive performance, we included their assessmaeriss all of our groups using
validated self-report measures. Because theserdyesecondary to the main aims of
our study, we only explore their potential influenia our results in a final chapter of

this work.

1.4.Aims

The overall aim of this study was to explore thiguence of a high-loads. a low-
load visual surrounding environment in visuo-spatt@gnitive performance as
measured by specific cognitive tasks. In a mixedigie different age groups of
participants participated in two sessions with atenval ranging between 14 and 23
days. One session was performed in a high-loadaVvisurrounding environment,
whereas the other in a low-load visual surroundingironment. In each session, four
visuo-spatial cognitive tasks were performed by heguarticipant. Additional
instruments to assess individual variables wereigidtared.

The specific aims of this work were:
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1. To study the influence of a highis.a low-load visual surrounding environment in
four cognitive tasks (visual choice reaction tige/no-go, Corsi block-tapping,
and Rey Complex Figutein four distinct age groups: children, adolessent
young adults, and older adults. We expected thgnitwe performance would be
damaged when tasks were performed in the highdsazbmpared to the low-load
surrounding environment (Chapters 3-6).

2. To explore if the predicted environmental influence these cognitive tasks
interacts with age group. Considering the typicalerted U-shaped relation
between age and cognitive performance, we expdb@dthe high-load visual
surrounding environment would be more disruptivehi@ cognitive performance
of children, adolescents, and older adults, as emetpto the young adults who
are in their peak of cognitive abilities. Such ttesvas expected in children and
adolescents, because both groups are still undeygaignitive maturation, which
includes the development of the capacity to igribseractors (Chapters 3, 4, and
6); in older adults, because this age group showsedl cognitive declines
(Chapters 5 and 6).

3. To explore the relation between the cognitive pentmce obtained in the two
environmental conditions and: (i) state-anxietyij) (depression, and (iii)
chronotype. These results are presented as exgipr@ly, given that we did not
manipulate these variables. We anticipated thatitfaence of the high-load
visual environment would be larger in the partiagsawith depression and
anxiety, given that they are more susceptible straction. Regarding chronotype,
we expected that participants who performed thiestastheir non-optimal period
would be more affected by the high-load visual emwnent than participants who
completed the experimental sessions in their optreaod (Chapter 7).

4. To present possible practical implications in lightour findings and suggestions
for future studies (Chapter 8).

> Visual choice reaction time and go/no-go taskstas of the most applied tasks to assess
selective attention, response selection and primgespeed, and inhibition, respectively. The
Corsi block-tapping and the Rey Complex Figure espond to two tasks widely used to assess
visuo-spatial working memory (although the lasbassesses other cognitive processes). These
four cognitive tasks have been used in cross-swtistudies showing sensitivity to detect
developmental differences. Detailed informatiorea€h task is provided in Chapter 2 (General
Method).

22



CHAPTER 2.

General Method



Published work related to this chapter:

Rodrigues, P. F. S., Pandeirada, J. N. S., Bem;lPaj& Franca, J. (in press). Assessing state-
anxiety in European Portuguese children and adetéscAdaptation and validation of the State

Anxiety Scale for ChildrenrMeasurement and Evaluation in Counseling and gveent

Rodrigues, P. F. S., Pandeirada, J. N. S., Bem;®aja& Franca, J. (2017). The Trait Anxiety
Scale for Children: A validation study for EuropeBwortuguese children and adolescents.
European Journal of Developmental Psycholdg$. doi: 10.1080/17405629.2017.1308249

Rodrigues, P. F. S., Pandeirada, J. N. S., MariRha, Bem-Haja, P., Silva, C. F., Ribeiro, L.,
& Fernandes, N. L. (2016). Morningness-eveningreserences in Portuguese adolescents:
Adaptation and psychometric validity of the H&O gtiennaire.Personality and Individual
Differences, 8862-65. doi: 10.1016/j.paid.2015.08.048

Oral presentations related to this chapter:

Rodrigues, P. F. S., & Pandeirada, J. N. S. (20&@B)éncia do ambiente visual circundante no
desempenho cognitivo: um novo procedimento de tigaedo [Influence of the visual
surrounding environment in cognitive performance: new research procedure]QOral
communication presented at th8 Gongress of the Portuguese Order of Psychologistsp,

Portugal.

Rodrigues, P. F. S., & Pandeirada, J. N. S. (20A8aptacdo e validacdo do “State-Trait
Anxiety for Children” em criancas e adolescentestymueses [Adaptation and validation of
the “State-Trait Anxiety for Children” in Portugueschildren and adolescents]Oral

communication presented at the Coloquio de EducdEspecial “Formar para Incluir,
Inovando” [Colloquium of Special Education “To edte for inclusion, innovating”], Estarreja,

Portugal.

Rodrigues, P. F. S., & Pandeirada, J. N. S. (20A®ncao seletiva, inibicAo e memaria de
trabalho: A influéncia de ambientes distrativos Ig8tive attention, inhibition, and working
memory: The influence of distracting environmen@fal communication presented at the
Cycle of Conferences Under Investigation: Psychg@tA (2™ edition), University of Aveiro,
Portugal.

24



Poster presentations related to this chapter:

Rodrigues, P. F. S., Marinho, P. I., Ribeiro, lapBeirada, J. N. S., Silva, C. F., Fernandes, N.
L., & Bem-Haja, P. (2015)Traducéo e adaptacdo do questionario de Horne &ést numa
populacdo de adolescentes portugueses [Translatiwhadaptation of the H&O Questionnaire
to Portuguese adolescentdposter presented at the™Bational Meeting of the Portuguese

Association of Experimental Psychology, Faro, Ryatu

25



2.1. Brief introduction

In this section, we describe global aspects ofMle¢hodology used in the studies
included in this project. Specific details aboutleaage group are provided in the
Chapters reporting the results of each age grobpdren (Chapter 3), adolescents
(Chapter 4), and young adults and older adults [§€&n&). We begin by describing the
participants, identifying the instruments, and diestg the elaboration of the two
environmental conditions (high-load and low-loagdual environments). This section
ends with a description of the global proceduresiiattered in all studies of this
project.

The developmental dimension of this research wamsidered in the selection
and/or adaptation of the cognitive tasks and insémits that were administered.
Specifically, the two attentional tasks were crdatellowing several procedures in
different age groups, and the chosen memory tasksvalely used in such studies.
Regarding the instruments used to assess indivithahacteristics, we aimed to adopt
tools that are already validated for the Portugyssgulation. Whenever possible, we
used a single instrument or similar instrumentgh\thhe same conceptual framework)
to assess each individual variable across the rdiffeage groups. This procedure
allowed us to assure the greatest possible consisi@mong them. To the best of our
knowledge, instruments to assess state-anxietyiidren/adolescents (8-14 YO) and
chronotype in adolescents (12-14 YO) did not fotynadxist for the Portuguese
population; thus, we conducted two exploratory dation studies of th&tate-Trait
Anxiety Scale for ChildrefAppendices 1 and 2) and of tMorningness-Eveningness
Questionnaireg(Appendix 3) for these age groups. Formal authtidma from authors
and/or publishers (copyrights’ owners) were obtdif@ all instruments used in this
thesis. A couple of informal instruments were ceddty our research team, specifically

theVisual Screening and Stimuli Recogniteomd theSociodemographic Questionnaire.

2.2. Participants

The final sample was composed of 256 participawtsich included children,
adolescents, young adults, and older adults. Egelgeoup comprised 64 participants,

selected by convenience. The children aged 8-1&\82 femalesMage = 10.16,SD =
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1.36) and the adolescents aged 13-17 years (33ldemMduge = 14.44,SD = 1.36);
participants of both groups were recruited from tgroups of schools of the Aveiro
district (Portugal). This study was authorized by Portuguese Directorate-General for
Education (authorization# 0296300010) and by theedors of the selected schools.
The young adults aged 18-29 years (49 femdbege = 21.53,SD = 3.21) and were
mostly students attending the University of Aveifdie older adults aged 65-94 years
(40 femalesMage = 79.75,SD = 8.06) and were recruited from five daycare center
from the Aveiro district, after obtaining authoriwen from the directors of these
institutions. Moreover, the studies here reportadehbeen approved by the Ethics and
Deontology Council of the University of Aveiro (Ethal Approval# 10/2016).

The following exclusion criteria were applied td @aje groups: a) to be unable to
recognize the stimuli in théisual Screening and Stimuli Recognitiasks; b) to have a
clinical score in the/ocabularyand/orBlocks-desigrsubtests of th&Vechsler Scales
(Wechsler, 2003, 2008); c) to have a history ofrakgical, psychological, and/or a
learning disorder; d) to be illiterate; and, e)pgrform the second session outside the
predefined time window (14-23 days). One additiomatlusion criterion was used in
the participants agee 25 years: to obtain a score in tei-Mental State Examination
(MMSE) indicative of clinical condition (accordintp cut-offs by Freitas, Simdes,
Alves, & Santana, 2015). Participants with at leas of these criteria were excluded
of the reported data. Information regarding a mstaf neurological, psychological or
learning problems and about illiteracy was obtaitkedugh theSociodemographic
Questionnaire Further confirmation was obtained by the legalrdizens in the case of
the children and adolescents, and by the daycarersétechnicians in the case of the
older adults.

Three older adults were not included because thesepted a clinical score in the
MMSE, and another was excluded because she/hd faileentify at least one stimulus
in the initial visual screening. Data of one chileére also excluded because she/he
performed the second session outside the predetimedinterval (14-23 days; detailed
information in the Procedure of this section).

Informed written consent was obtained for eachtiippant before starting the
research sessions. In the case of children ancesdoits, a previous written consent
was provided by their legal guardians. After cortipte the two study sessions, all

participants were offered a small gift (a backpack book) for their collaboration.
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2.3. Materials

Cognitive tasksIn each of the two sessions, each participant pedd four
cognitive tasks: two visuo-spatial attention ana twsuo-spatial memory tasks. The
attentional tasks corresponded to ¢jogno-goandchoice reaction timé¢asks, and were
programmed and ran using the software E-Prime &b6bhr{eider, Eschman, &
Zuccolotto, 2002). These tasks followed typicalgadures in this area and took into
account the different age groups included in tingget (e.g., Kawashima et al., 1996;
Morooka et al., 2012; Rodrigues & Pandeirada, 2@&tbgle et al., 2013; Woods et al.,
2015). For example, the choices of the stimulithaf inter-stimuli intervals, and of the
time window for participants to provide their regpes were three aspects that were
considered. In other words, we ensured that thanpaters adopted in the cognitive
tasks would allow all age groups to perform each taith success. The memory tasks
were the Corsi block-tappingand the Rey Complex Figutewhich are usually
administered in developmental studies (e.g., Pggul@t al., 2006; Rivera et al., 2015;
Simdes et al., 2011; Yamashita, 2015). We useaadhgputerized version of the Corsi
block-tapping available in the free softwaREBL: The Psychology Experimental
Building LanguaggMueller, 2012), and the traditional paper-andgieformat of the
Rey Complex Figure (Rey, 1988). The three commaeritasks (go/no-go, choice
reaction time and Corsi block-tapping) were perfednon a 14” screen laptop. The
keyboard keys used to respond in each task weagptad” for easier identification and
response by all participants (see details belowthi@ description of each task).
Importantly, the computerized tasks did not reqasipecific knowledge or familiarity
with computers nor a specific educational levelrtermore, for each computerized
task, each participant performed a training pefardfamiliarization with the task and
had the opportunity to clarify any doubts with thesearcher. This procedure was
conducted at the beginning of each task in eackiagesNext, we present a detailed
description of each cognitive task.

Go/no-go taskThis experimental paradigm is widely used to ass#sbition and
error processing/error-monitoring (Steele et a12 Steele et al., 2014; Vidal et al.,
2012). In this task, targetgd stimuli) and distractorsnf-go stimuli) are usually
presented on a computer screen. gbetimuli require a specific response and iioe
go do not require a response (e.g., Steele et d3)20his task involves “the ability to

monitor conflicts, process response errors, witthhai inhibit a pre-potent response,
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and learn from response errors” (Steele et al.4201127), particularly when thgo
stimuli are more frequent than the-gostimuli.

Following typical procedures in the area (e.g.,lididdle, & Hopfinger, 2000;
Steele et al., 2013; Steele et al., 2014), onewof letters was randomly and singly
presented on the computer scre&nor K. Each letter was preceded by a 500 ms
fixation cross, and then it was presented for aimam period of 600 ms; this was the
maximum time allowed for participants to provideithresponses. The background of
the computer screen was white and the stimuli werblack color. The inter-trial
interval duration was randomly determined from aghome of the durations of 500,
1000, 1500 or 2000 ms, to prevent response anticipaParticipants were instructed to
press, as soon as possible and accurately, thete'wkeyboard key when th&
appeared on the computego(stimulus) and not to respond when tkeletter was
presented no-go stimulus). A white sticker was placed on the “spabar of the
computer keyboard; this corresponded to the “whiyboard key. Thgo stimulus )
was presented in 66% of the trials, whereasnihgo (K) appeared in the remaining
34% of the trials (percentages @b and no-go trials similarly to those employed by
Vara, Pang, Vidal, Anagnostou, & Taylor, 2014; afdal et al., 2012). After 12 initial
training trials, 140 experimental trials were prase for each participant in each
session. A schematic illustration of the task igvah in Figure 1. Similarly to previous
studies (e.g., Rodrigues & Pandeirada, 2015; Steelal., 2013), the behavioral
measures (dependent variables) in this task wése:false alarms, and reaction times.
A hit occurred when the participant pressed thelgiieed keyboard key (space bar) in
the presence of thgo stimulus (i.e., the letteX). A false alarm happened whenever the
participant provided a response upon the presentati theno-go stimulus (i.e., the
letter K). Reaction times corresponded to the time (msyvéen the onset of the
stimulus and the participant's hit. A couple of estlvariables could be considered:
misses/omissions and correct rejections. The @iostesponds to the trials in which
participants did not press the predefined keybdayl in the presence a@fo stimuli.
Correct rejections are those in which participatitsnot press the keyboard key in the
presence oho-gostimuli. Given that misses are complementary tedol the hits, and
correct rejections are complementary data to thee falarms, their presentation is
redundant (as Steele et al., 2013). Thereforethisrtask, we reported data regarding

the hits, false alarms, and reaction times fomike

29



Variable ITI: 500 to 2000 ms

500 ms
600 ms
+
() Variable ITI: 500 to 2000 ms
) X
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2 K
(...)

Figure 1.Schematic illustration of thgo/no-gotask.

Choice reaction time taskFollowing procedures commonly used in several
studies (e.g., Kawashima et al., 1996; Liefooglt¥,72 Woods et al., 2015), this task
requires a specific motor behavior in responsegézisic visual stimulus (Mostofsky &
Simmonds, 2008). To this end, a green or a recamgid was randomly presented on
the computer screen (on a white background) fora&imum duration of 600 ms, with
one of four randomly picked inter-trial intervals000, 1500, 2000 or 2500 ms). Each
stimulus was preceded by a pre-fixation cross iy gs. Half of the rectangles were
green, and the remaining were red. Participant® westructed to respond as quickly
and accurately as possible to the green rectangprdssing the “green” keyboard key,
and to respond to the red rectangle by pressinfréuE keyboard key. A green sticker
was placed on top of the “P” keyboard key and astezker was placed on top of the
“Q" keyboard key. Participants initially responde 12 practice trials for
familiarization with the task, and then they penfed 140 experimental trials. The
maximum stimulus presentation (i.e., 600 ms) wastitme window for participants to
provide their responses. A schematic illustratidrinis task is presented in Figure 2.
We considered the following behavioral measuresdegendent variables: correct
responses, errors, and reaction times. The camepbnses occurred when participants
pressed thayreen keyboard key in the presence of the green reaaragid thered
keyboard key upon the presentation of the red mgéta The errors occurred when the

participant pressed the colored button that didceotespond to the stimulus color (i.e.,
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the participant pressed thed keyboard key in the presence of a green rectaayle
vice-versa). Reaction times were measured fromotinget of each stimulus until a
correct response was producd@ithe misses are considered when participants did not
respond to each stimulus within the time windowQ(®@s). Considering that the misses

are complementary to the correct responses antsethese will not be reported.

Variable ITI: 1000 to 2500 ms

500 ms
600 ms

(..) + Variable ITI: 1000 to 2500 ms
- 500 ms

~~~~ ] 600 ms

— | (...)

Figure 2.Schematic illustration of thehoice reaction time task

Corsi block-tapping(computerized version; Mueller, 2012). This is arfethe
most used tasks to assess visuo-spatial workingamyeim different age groups, as well
as in healthy and clinical samples (e.g., Brurgdttal., 2014; Pagulayan et al., 2006).
The computerized version used in our study wasdaseits traditional form (Corsi,
1972), and it has been used in several studies (weller & Piper, 2014). In this task,
nine blue squares are presented on the white sofdbe computer. In each trial, some
squares lit up (in yellow), one per second, prodg@ specific sequence. Two different
types of instructions can be given in this taskidyepeat the specific sequence by
clicking on the squares in the same order theypit forward span; or, 2) to repeat the
specific sequence clicking on the squares in tlokward order they lit up — backward
span. In this project, we only applied the forwamhn procedure. The number of
squares included in the sequence increased asshegitogressed and two trials were
presented for each extension. The first two tirattuded the lightening of two squares;
in the following two trials three squares were teggh and so on. The task ended
automatically when the participant did not repragltite sequence correctly in the two

trials of the same length. The dependent varialale thve Corsi span which corresponds
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to the highest level in which the participant cothe reproduced both sequences plus
half point for any other correct sequence that cceuntil the participant fails the two
trials of a given extension. For example, if thetipgpant responds correctly to the two
trials until he/she reaches the sequence of 6famithis sequence he/she only responds

correctly to one of the trials, the (exact) Copars would be 5.5.

Rey Complex Figure (RCF) — Figure (Rey, 1988). This instrument is widely
applied to assess several visual cognitive domaunesh as visuo-spatial memory in
children, adolescents, adults, and older adults,(€affarra, Vezzadini, Dieci, Zonato,
& Venneri, 2002; Senese, De Lucia, & Conson, 28im0des et al., 2011). Although
there are several administration procedures, tllewimg three tasks are common:
copy, immediate recall, and delayed recall. In tpioject, only the first two
administration procedures were used, accordingutoagms. In thecopy phase, each
participant was instructed to copy tREF in the presence of the figure-stimulus. In the
immediate recallthree minutes after the conclusion of the cogheparticipant was
instructed to reproduce thBRCF without the presence of the figure-stimulus. In
Portugal, this test has been applied in differemttexts and age groups, and has been
subjected to several validation studies (e.g., taio et al., 2003; Simoes et al., 2011)
We applied thecopy phase as a prerequisite to tinemediate recall but then we
focused mostly on the last procedure which assessas-spatial memory. ThRCF
includes 18 elements that are scored separatetyh &ament can be scored with 2, 1,
0.5, or 0 points. Two points are given when elesamé correctly reproduced; 1 point
when the element is distorted, incomplete but piggaaced, or complete but placed
poorly; 0.5 points are provided when the elememtissorted or incomplete and placed
poorly; O points are given when the element is abee unrecognizable. According to
the original scoring norms that we also followedowr study, the total score ranges
from O to 36 points in both administrations (copydammediate recall; Rey, 1988;
Rivera et al., 2015).

Visual screening and stimuli recognitioDue to the visuo-spatial nature of the
cognitive tasks we administered, an initial viss@leening and stimuli recognition was
conducted. In this screening, at the beginning hef first session, the researcher
presented to each participant several colors aaddttersX andK in paper sheets.
Participants were instructed to simply name eachudtis. Participants who did not
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identify at least one of these stimuli were exctud®m the reported data. One older
adult did not identify at least one of these stinrarild was, thus, excluded from the
reported data.

Sociodemographic questionnair€his brief questionnaire was created for this
project to collect sociodemographic informationclsuas age, sex, psychological,
neurological and learning disorders (e.g., childréttention Deficit Hyperactivity
Disorder; older adults: Alzheimer). In the casetlad children, this questionnaire was
filled by their legal guardians. In a few caseg, thchnicians at the daycare institutions
helped the older adults to respond to the sociodeaphic questionnaire. This
instrument allowed us to characterize the sam@eweall as to provide information
about the inclusion/exclusion criteria describedwab (e.g., neurological or learning

disorders).

Instruments to assess intelligencdhe measurement of intelligence is
characteristic in cross-sectional studies (e.giyd,eAndrés, Servera, Verbruggen, &
Parmentier, 2016). Due to time constraints, we dpideassess intelligence using two of
the subtests from thé/echsler Intelligence ScaleBhese subtests were applied only to
provide information about the eligibility of pan@ants for this research (i.e., exclusion
criteria). One of the most used short-forms of éh&sales is the dyaacabulary-blocks
designwhich has shown good correlation with the totadlscand good indexes of
validity (e.g., Kaufman & Kaufman, 2001). In thecabulary subtest, the participant
was instructed to orally define words that werespreged on a card, one at a time. In the
blocks-design subtest, the participant was instéditd reproduce with bicolored cubes
figures presented in a notebook, with difficultyééincreasing throughout the test. We
applied and scored each subtest according to appic norms of the Portuguese
versions (Wechsler, 2003, 2008). For participagesdal3-16 years, we applied subtests
from the Wechsler Intelligence Scale for Children-WWISC-I1ll; Wechsler, 2003);
subtests from th&Vechsler Adult Intelligence Scale-fWAIS-III; Wechsler, 2008)

were administered to participants aged 17 yeansaoe.

Mini-Mental State ExaminatiodMMSE; Portuguese version: Guerreiro et al.,
1994). This brief paper-and-pencil instrument is one & thost used tests to screen

general cognitive performance. It is composed ofj@8stions divided into six cognitive
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domains: orientation, registration, attention aracwalation, recall, language, and
constructive capacity. Its application has an appnate duration of 5-10 minutes. In a
Portuguese validation study, Guerreiro et al. (198Htained values of sensitivity
ranging between 63.6% and 77.4%, and of specifi@tyging between 90.0% and
96.8% (cited by Freitas et al., 2015). The MMSRussially administered in different
contexts, and has been submitted to several vaidatudies in Portugal (Freitas et al.,
2015; Santana et al., 20186) This instrument was only applied to participaaged 25
years or older, according to existing Portuguesenative data (Freitas et al., 2015).
The remaining participants performed a simple &tieal task (2 attentional te§t
described briefly in Chapter 1), which took appmately the same amount of time as
the time taken to respond to the MMSE.

The cut-off points considered as inclusion/exclosiriterion differed across
participants depending on their age and educati@val (Freitas et al., 2015). Three
older adults were excluded from the data set becthesy obtained a clinical score in
the MMSE.

Instruments to measure anxiet@given that there is no single Portuguese
instrument that allows the assessment of the atateety across all participants, we
applied the Portuguese versions of three differesttuments that were appropriate to
each age group of participants: in children andlemtents aged 8-14 years we
administered th&tate Anxiety Scale for ChildréRodrigues, Pandeirada, Bem-Haja, &
Franca, in press); in participants aged 15-29 yemrsapplied theState-Trait Anxiety
Inventory — State Sca(&ilva & Spielberger, 2007); and, the older adatimpleted the
Geriatric Anxiety InventoryRibeiro, Paul, Simdes, & Firmino, 2011).

The State Anxiety Scale for Children (SASEpne of the independent scales of
the State-Trait Anxiety Scale for Children (Spietier et al., 1973) that measures the
level of anxiety individuals are experiencing a #fxact moment they are responding to
the instrument (state-anxiety). The SASC is comgaxe20-items, and the responses
are provided by choosing one of the three optida8 points) that describe how the

participant is feeling at that precise moment. Msistlies argue for a two-factor scale,

® Cut-offs for people aged 25 years (Freitas et al., 2015).

" Cut-offs for people aged 36 years (Santana et al., 2016).

® This task was used solely to equate the duratidheosession across age groups. Therefore,
performance obtained in this test will not be régodr
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which was confirmed in the Portuguese validatiamdgt(Rodrigues et al., in press):
“anxiety-absent” and “anxiety-present”. The totaloe ranges from 20 (minimal
anxiety score) to 60 points (maximal anxiety scofdle Portuguese study revealed an
instrument with good psychometric properties, sashinternal consistency (factor
1 anxiety-absenta = .863; factor 2_anxiety-present: = .780) and good test-retest
reliability (factor 1_anxiety-absent: ICC = .79@cfor 2_anxiety-present: ICC = .720).
This scale was translated and validated by ourarebeteam sincéMind Garderf?
(owner of the copyrights of the instrument) infodnes about the inexistence of a
European Portuguese version of this scale for iddals aged 8-14 years. The
validation studies of this instrument (which inahsdthe two independent scales) was a
side project conducted during the present proj@ttis work resulted in several
presentations and in two publications in peer-rgeid scientific international journals;
these are presented in the Appendices 1 and 2 i(Redr Pandeirada, Bem-Haja, &
Franca, 2017; Rodrigues et al., in press).

The State-Trait Anxiety Inventory (STAI) — State Scalmilarly to the SASC,
consists of 20-items that assess the level of aniat participants are facing at the
exact moment they are responding to the scaleefatatiety). The responses are
provided by choosing one of the four options (1€ints). As in the SASC, the
Portuguese validation study (age range: 15-69 yelabsalso proposed a two-factor
scale: “state-anxiety absent” and “state-anxiegsent”. The total score ranges from 20
(minimal anxiety score) to 80 points (maximal amyxiescore). The Portuguese
validation study revealed a good Cronbach alpgh&7) as well as an acceptable test-
retest reliability ( = .59; Silva & Spielberger, 2007).

The Geriatric Anxiety Inventory(GAIl) is a relatively brief self-report scale
composed of 20-items. It assesses the severitynxibiy symptoms in older adults.
Each item (e.g., “I often feel tense”) requires arswer in a dichotomous response
format (“agree” — response scored with 1 point;disagree” — response scored with 0
points). The Portuguese adaptation study condumnyeRlibeiro et al. (2011) revealed a
one-dimensional scale with good psychometric proger specifically very good
internal consistencyu(= .964) and test-retest reliability (ICC = .99A)though the GAI
does not assess anxiety-state, in its validatiodysit presented good construct validity,

© During the entire process of adaptation and vabdeof the instrument, and for this project,
we complied with all the formal requirements impbd®y Mind Garden, Inc, owner of the
copyrights of the instrument.
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as revealed by correlations with other scales, sischith theState Scalef theSTAI(r
=.631,p<.001).

Instruments to assess depressibhree different instruments were used to assess
depression according to the age group of eachcpatit. All instruments have been
previously translated and validated to the diffefeartuguese age groups. Although we
used different instruments, they all had a simdanceptual framework and the same
aim: to assess depressive symptomatology.dtiklren Depression Inventoipias &
Goncalves, 1999) was applied to children and adetds (8-17 years old). TH&eck
Depression Inventory-lI{Martins, 2000) was used in the adults’ group 298years
old), while theGeriatric Depression Scal@ocinho, Farate, Dias, Lee, & Yesavage,
2009) was administered to the older adutt§% years old).

The Children Depression Inventory (CDI¥ one of the most used self-report
instruments to assess depressive symptoms in ehilaind adolescents (originally for
young-people aged 7-17 years; Kovacs, 1992). E&theo27-items that compose this
instrument consists of three statements. Partitsp@spond by selecting the option that
best characterizes their symptoms in the past teek® (e.g., item 1: a. “I get sad from
time to time”; b. “I get sad often”; c. “I'm alwaysad”). In the Portuguese version used
in this study (Dias & Gongalves, 1999), some itearss scored with 0, 1, or 2 points
(e.g., item 1, described above) and others in ¢herse manner (e.g., item 7: a. “I hate
myself”; b. “I do not like myself”; c. “I like myd&). The total score ranges from 0
(absence/minimal depression score) to 54 (maxinggresion score) points. The
Portuguese version has been validated for younglpeged 8-17 years, and revealed
good psychometric properties, such as good intemraistencyd = .80).

The Beck Depression Inventory-I(BDI-II; Martins, 2000) is a self-report
inventory composed of 21-items that assess symptdrdspression in adolescents and
adults (Oliveira-Brochado, Simdes, & Paul, 2014)r Each item, participants choose
the option that best describes their state indbetivo weeks, including the day they are
responding to the questionnaire. Each item is scémem O (absence of depressive
symptoms) to 3 (severe depressive symptoms) politts. total score ranges from 0
(absence of depression) to 63 (maximal depressiorespoints. The response options
have aGuttman formatthat is, 4 or 7 response options are providedthagarticipant

chooses only one. The BDI-Il has revealed very gog¢thometric proprieties for the
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Portuguese population, specifically internal caesisy ¢ = .91) and test-retest
reliability (r = .90; Oliveira-Brochado et al., 2014).

The Geriatric Depression Scale (GDSlhe Portuguese version (Pocinho et al.,
2009) of this self-report questionnaire is composeé@7-items with a “yes” or “no”
response format (e.g., item 1: “Are you basicallyissied with your life?”). Each
response is scored with 0 or 1 point. The totalescanges from 0 (absence/minimal
depression score) to 27 (maximal depression squogjts. This instrument aims to
screen depression in older aduits66 years old) and revealed very good psychometric
proprieties in the Portuguese population, suchngernal consistencya(= .906) and

temporal stability( = .995).

Chronotype instrumentslo assess participants’ chronotype (i.e., the diera
preferences), three Portuguese questionnaires wgexd For children aged 8-11 years
we used theChildren’s Chronotype QuestionnairéCouto et al., 2014). The
Morningness-Eveningness Questionnaire for adoldsg&todrigues et al., 2016) was
administered to participants aged 12-14 years. tRerremaining participants> (15
years old), we applied the adult version of kh@ningness-Eveningness Questionnaire
(Silva et al., 2002). These instruments allowedtasclassify each participant as
morning-, intermediate-, or evening-type.

Children’s Chronotype Questionnairgouto, 2011; Couto et al., 2014). This
instrument is composed of 27-items that are disteith by three scales: midpoint of
sleep, morningness-eveningness scale, and chrenatyale. This questionnaire has
been validated for Portuguese children aged 4-ldrsyeand is responded by the
participants’ guardians. Although we collected amsato the full questionnaire, we
were particularly interested in the morningnessaewgness scale (items 17-26). The
total score of the morningness-eveningness scalgesafrom 10 (morningness) to 49
(eveningness) points, and showed acceptable psythomproperties for the
Portuguese population, such as a Cronlaoh’71 (Couto, 2011).

Morningness-Eveningness Questionnairdr adolescents (aMEQ) This
instrument aims to assess chronotype in Portugaeeéescents and was recently
validated by our research group (Rodrigues eR@ll6). TheMorningness-Eveningness
Questionnaire authored byHorne and Ostberg (1976), is considered one ofrihst
applied instruments to assess morningness-evergsagreferences in the world (for a

review, see Levandovski, Sasso, & Hidalgo, 2018)is Icomposed of 19-items: in
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fourteen questions four response options are piegemd participants have to choose
the option that best applied to them; the remaijngstions require responses using an
hourly scale. To our best knowledge, when this gmoas designed, no validated
instruments existed to assess chronotype in adolesaged 12-14 years. Therefore, we
conducted a translation and validation study of the®rningness-Eveningness
Questionnairefor this age group (aMEQ) which has been publisimed peer-review
international journal (Rodrigues et al., 2016; timanuscript is presented in Appendix
3). The aMEQ included the 19-items of the origiivdtrument (Horne & Ostberg,
1976) and revealed adequate psychometric propesties as a Cronbachisof .692
and a Composite Reliability of .702. Scores ranganf 16 (eveningness) to 86
(morningness) points.

Morningness-Eveningness Questionnaire (MEA&Y.mentioned, this is a highly
popular instrument to assess circadian preferedcgsevious study has validated this
instrument for the Portuguese population aged Hssyer higher (Silva et al., 2002).
This Portuguese version is composed of 16 origiteghs (the remaining 3 original
items were excluded in the validation processiwelve of the items, participants have
to choose the best response option (from a totdbwf options), and the remaining
guestions require responses in hourly scales.sigshmmetric characterization revealed
acceptable internal consistenay £ .75). Scores range from 13 (eveningness) to 73

(morningness) points (Silva et al., 2002).

Environmental conditionsTwo distinct environmental conditions were credied
fulfil our research goals: high- and low-load viksarrounding environmenritsThe first
consisted of a white stand that displayed seveiaked pictures, whereas the low-load
visual surrounding environment corresponded to @ioc@ of that same stand but
without any pictures (see Figures 3 and 4 for lstiation). In the two environmental
conditions, the stand was always placed on theotdpe table in which the participant
would be performing the tasks. Therefore, whilefqgrening the tasks, participants were
always facing the platform, similarly to a studyndacted by Al-Ayash et al. (2016, p.
200) who studied the effect of different coloredllgvan learning environments.
Additionally, this procedure allowed us to keep stant the visual field across all of the

studied age groups, given that the experiment lbathet implemented in different

° The designations of the two conditions were gigaly to differentiate the two environments.
We did not, objectively, assess their visual load.
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settings (schools, daycare centers, and UniversityAveiro) that varied in their
conditions (e.g., size of the room and color ofgpace).

A pilot study was conducted to select the pictuhes would be presented in the
high-load visual environment. The goal of this p&tudy was to find sets of pictures
that would be of particular interest to each agmigr but also to select sets of pictures
that would be considered equally interesting bydliferent age groups. As occurs in
real contexts, we are regularly immersed in envitents containing a mixture of visual
stimuli that are more appealing to some individuabsn to others. This study would
allow us to mimic such settings in the high-loasinal environment.

For this pilot study, a set of 110 pictures frealailable on the internet were
collected. These included several themes of pa@tenterest to the different age groups.
This set of pictures was then presented to indegr@ngtoups of individuals from each
of the four different age groups of interest. Eagtoup was composed of 15
participants: children (7 females) aged 8-12 y¢hl:g.= 9.00,SD= 1.25); adolescents
(7 females) aged 13-17 yeaMaf.= 14.07,SD = 1.39); young adults (9 females) aged
18-30 yearsNlage= 24.07,SD = 3.49); and older adults (8 females) aged 65-G#sye
(Mage= 78.87,SD=8.37).

The pilot study was performed in small groups (4ddticipants). The 110
pictures were presented via a PowerPoint presentaBing a projector, one at a time,
along with an identification number. Participantsre initially instructed to rate how
appealing each picture was to them using a respsmade that varied between “nothing
appealing/interesting” (1-point) to “very appealingeresting” (5-points). Their
responses were provided in a paper sheet containeglentification number of each
picture and the possible rating values. Particpaesponded by making a circle or
cross on their selected number. Participants wesested by a researcher in the rating
process.

Data were analyzed by age group. For each groupselected a set of four
pictures that would be of high interest to each gigeip and that, at the same time, had
not been considered by another age group as highdyesting. Two other sets of
pictures considered to be equally interesting acedsage groups were also selected.
The Mean values (an®&Ds) obtained for the set of four pictures rated rasre
appealing per age group, and for the set of pistaomsidered to be equally interesting

for the four age groups (i.e., the common pictuags)presented in Table 1.
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The selected pictures were then displayed in @edsas follows: each of the four
rows in the front panel displayed the four pictuoésighest interest to each age group,
whereas the two sets of common pictures were diegdlan the lateral panels. To
maximize the potential effect of the environmentaknipulation on cognitive
performance, the pictures were displayed in speg@bsitions according to the age
group of participants as detailed next. The sqiictures considered most appealing to
the age group being tested was placed in the nwisble” position, that is in the first
row counting from the bottom, the one closer tol#Eop screen where most cognitive
tasks would be displayed and performed. The orflehe remaining sets of pictures

corresponded to a decreasing of interest for ttierdnt picture sets by each age group.

Table 1
Means (and SD’s) obtained for the set of four pesurated the highest per age group
(more appealing pictures) and also for the set ighe pictures rated equally high

across age groups.

Rating group

Selected pictures

per age group Children Adolescents Young adults Older adults
Children 4.65 (0.17)%  2.90 (0.59)" 3.35 (0.71)2 2.67 (0.77)"
Adolescents 4.26 (0.337  3.60 (0.07)" 3.45(0.607  2.85 (1.06)°
Young adults 3.97 (0.358  3.30 (0.26)” 4.06 (0.12)Y  3.43 (0.5282
Older adults 3.50 (0.30y¥  2.58 (0.56)" 2.68 (0.49f1  4.63 (0.07"
Common pictures 4.60 (0.06) 3.93(0.41) 3.89(0.41) 4.40 (0.23)

Notes: Scores ranged from 1 to 5 points; [#] — correspnthe position in which the set of
four pictures was disposed for a given age groap.ifstance: in the children, the first row
(counting from the bottom to the top) included tber pictures considered as most attractive
to them [1]; The second, third and fourth rows ugld those that had been considered most
attractive by adolescents [2] (corresponding todbeond set of pictures most attractive for
children), young adults [3] (the third most appeglset of pictures for children), and older
adults [4] (the least attractive pictures for ctela).
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For example, for the children’s group, the firstvrincluded the four pictures
considered as most attractive to them (always cogifitom the bottom to the top of the
stand); the second, third and fourth rows incluttexte that had been considered most
attractive by adolescents (corresponding to thersiset of pictures most attractive for
children), young adults (the third most appealiagdf pictures for children), and older
adults (the least attractive pictures for children@spectively. In the adolescents, the
first row included the four pictures considered enattractive to them, while the
second, third and fourth rows included those tleat been considered most appealing
by young adults, children, and older adults. In yleeing adults group, the first row
displayed the set of four pictures most attractovéhem, whereas the second, third and
fourth rows displayed the most attractive pictur@sadolescents, children, and older
adults, respectively. For the older adults grote, first bottom row showed the four
most attractive pictures to them, and the secohid tand fourth following rows
contained the most attractive pictures to youngltadwadolescents, and children,
respectively. The two lateral panels of the stamwtained pictures that were classified
as equally appealing by the four age groups. Thsitipo of these pictures remained
unchanged across all age groups. In the high-ladivenvironment, participants were
exposed to 24 pictures. In Figure 3, we presenstilations of the environmental
conditions: The low-load surrounding environmentonenon condition to all
participants) and the high-load environments (dpefor each age group). In Appendix
4, we present the pictures used in the high-loadalienvironment, according to each

age group.

2.4. Procedure

This cross-sectional (developmental) study followeahixed design (cf., Leiva et
al., 2016). In all age groups, each participantqeared two individual sessions with an
interval of 14-23 days (similarly to Rodrigues &réairada, 2015). For the children
and adolescents, the sessions occurred in a quiet at their schools. The older adults
performed the two sessions in a quiet room at tth@ycare centers. The young adults
participated in the study in an isolated room a thniversity of Aveiro. Each
participant performed individually each sessionalhivas conducted by the researcher,
and had an approximate duration of 60 minutes. Myueach session, participants

responded to a set of self-report instruments gntim collect sociodemographic
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information and to assess individual variables, alsd performed the cognitive tasks.
Importantly, only the four cognitive tasks were wsuibed to the environmental
manipulation (Figures 3 and 4).

The three computerized tasks (i.e., go/no-go, eého&action time and Corsi
block-tapping) were performed on a 14” laptop, vdas the Rey Complex Figure was
administered in its traditional paper-and-pencitnfat. As mentioned, in the two
environmental conditions, the stand was positiooedhe top of the table where the
participant would be performing the tasks. Thusheaarticipant was seated at the desk
facing the specific environmental condition, simiato Al-Ayash et al. (2016) and
Rodrigues and Pandeirada (2015). Figure 4 illustrat simulation of the experimental
setting (two environmental conditions) where therfoognitive tasks were performed.

The remaining instruments (e.g., sociodemographiestionnaire, anxiety and
depression instruments) were administered outdidestands area (in another table
placed in the same room) to prevent an influencehefenvironmental manipulation in
the responses to these instruments. Each particgmformed both sessions at about
the same time of the day to avoid possible effettsrcadian synchronys asynchrony
(Schmidt et al., 2007). A schematic illustrationtbé specific procedures adopted in
each session is shown in Figure 5.

In the first session, each participant signed dorimed consent form. In the

children and adolescents’ groups, informed writtemsent was previously obtained
from their legal guardians. Then, each participaas submitted to the brief visual
screening and stimuli recognition. The MMSE wasthpplied to the participants aged
25 years or more; thd2 attentional test, with a response duration sintathat of the
MMSE, was applied to the remaining participantsiider to maintain the timing of the
session events similar across groups. The instruntemssess anxiety was applied
immediately before the four cognitive tasks. As tiered in the materials section,
specific anxiety instruments were administered ediog to the age group of the
participant. After responding to these instrumemarticipants performed the four
cognitive tasks in one of the two environmental dibons (low- or high-load visual
surrounding environment).

The orders of the environment condition and the ndog tasks were
counterbalanced across participants (see coundertial versions in Appendix 5) to
avoid learning and order effects. The first sessimmcluded with the application of the

chronotype questionnaire
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(a) Low-load surrounding environment

(b) High-load surrounding environments

Figure 3 lllustration of the two visual environmental catiwhs: (a) Low-load visual surrounding environmesed with all age groups; (b1) High-
load visual surrounding environment applied to dreih; (b2) High-load visual environment applied @dolescents; (b3) High-load visual

surrounding environment applied to young adultd) (Bigh-load visual environment applied to oldeulsl
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(b)

Figure 4. lllustration of a young adult’s participation (sifations) in (a) the high-load

visual surrounding environment and in (b) the l@ad visual surrounding environment.

In the second session, we administered she@iodemographic questionnaiand the
dyad of the WISC-II{children and adolescents) or of tW&AIS-III (young adults and older
adults). Then, each participant responded toatingety questionnaireAgain, while being
exposed to the environmental manipulation (in frofnthe stand), each participant performed
thefour cognitive tasksFor each participant, the order of each taskthvasame as in her/his
first session. The session was concluded with tmeigstration of thanstrument to assess
depressiorwhich was specific to each age group, as statétkimaterials section.

To exemplify the counterbalancing orders of thgirmmmental conditions and of the
cognitive tasks, we describe the specific casepanficipants# 1 and #6 according to the
counterbalancing versions presented in AppendRabticipant# 1 performed the first session
in the high-load visual surrounding environment a&héd second in the low-load visual
surrounding environment. In both sessions, he/strfopned the cognitive tasks in the
following order: 1) Corsi block-tapping; 2) go/no:g8) Rey Complex Figure; and, 4) choice
reaction time. Participant# 6 completed the fietsson in the low-load, whereas the second
was conducted in the high-load visual environmbnboth sessions, the cognitive tasks were
performed in the following order: 1) choice reantiime; 2) Corsi block-tapping; 3) go/no-
go; and, 4) Rey Complex Figure.

The sessions ended with a debriefing about thegsas of the experiment. The
researcher also responded to any questions prdsbptéhe participants and thanked their

participation offering a small gift.
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2.5. Data Analysis

In Chapters 3 and 4, we present the results oétiveonmental effects (highss. low-
load visual surrounding environment) in childrerdan adolescents, respectively. Paited
tests were used to compare performance obtained thlegasks where conducted in the low-
loadvs.high-load visual surrounding environment.

Chapter 5 reports the data from the older adults the young adults’ groups. The
influence of the surrounding environment (higis: low-load; within-subject factor) and of
age-group (older aduliss. young adults; between-subjects factor) on the niggat measures
were analyzed using a mixed analysis of variande(@XAs). Additional paired-tests were
performed within each age group to clarify intei@ts.

In Chapter 6, we integrated the results from the Bge groups: children, adolescents,
young adults, and older adults, and conducted mAe@VAs including the environmental
conditions (highvs low-load environment) as a within-subject varegaldnd age group (the
four age groups) as a between-subjects variablecldiify the main effect of age group,
multiple comparisons were conducted with Bonferradjustments. For each variable, data
are also presented graphically by age group andmperonmental condition, with polynomial
trendlines (order 3).

In Chapter 7, we explored if the environmental @Befound in Chapters 3-6 for each
age group differed when state-anxiety, depressamal chronotype were considered. The
influence of the visual surrounding environmentgfhivs. low-load environment; within-
subjects factor) in each dependent variable froch eagnitive task was analyzed while
controlling for anxiety and depression (covariatesihg analyses of covariance (ANCOVAS).
When significant interactions between the environimand the covariate were obtained,
follow-up Pearson correlations were conducted betwée “effect of the environment” and
the covariate involved in the interaction. The uefhce of the surrounding environment (high-
vs. low-load environment; within-subjects factor) astronotype group (synchronyws
asynchrony-chronotype; between-subjects factor)each dependent variable from each
cognitive measure were analyzed using mixed analybeariance (ANOVAS).

Detailed information about data analyses are pealith each Chapter. For all of the

reported analyses the significance level was.05.
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Figure 5. Schematic illustration of the procedures in tfieahd 2¢ sessions. Only the administration of the four dbgm tasks was
submitted to the environmental manipulation. Inéample here provided, in th& dession, the participant performed the cognitasis

in the high-load visual environment, while in th& 8ession the cognitive tasks were conducted inldheload visual environment.
However, as we stated, the order of the environahemianipulation was counterbalanced across paatitg In both sessions, the
instruments applied before the cognitive tasksdaumilar duration across all age groups. Each@essd an approximate duration of 60
minutes [At the end of the™ session, an additional self-report instrument wpplied to young adults and to the older adultss(tbok approximately 2 minutes to

respond). Given that it is not part of the aimghi$ thesis, we do not report these data]

46



CHAPTER 3.

When visual stimulation of the surrounding environnent

impairs cognitive performance: A study with children



The work presented in this chapter is in preparation for submission to an international

peer-reviewed journal:

Rodrigues, P. F. S., & Pandeirada, J. N. S. (irpgmaion for submission). When visual
stimulation of the surrounding environment impadmgnitive performance: A study with

children.

[Some wording adjustments were made in the forrurabere presented as some of the information
presented in the Manuscript would be redundant witbrmation provided in previous chapters. For
example, the Manuscript in preparation includesessvsupplemental materials related to the Method
which has been described in detail in the Generthbd chapter (Chapter 2). The Reference list ®f th

Manuscript has been integrated in the final Refegdist of this thesis].

Some of the work presented in this chapter has beegpublicly presented at a scientific

meeting:

Rodrigues, P. F. S., & Pandeirada, J. N. S. (20Ib& influence of the visual surrounding
environment in cognitive tasks: A study with cléldrPoster presented at the International

Meeting of the Psychonomic Society, Granada, Spain.

[P. F. S. Rodrigues obtained thHaternational Graduate Accommodation Awasdbsigned on a

competitive base to graduate students based arréiseiarch summaries].
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3.1. Abstract

Distraction is widely studied in children, specd#ily in visuo-spatial cognitive
tasks. In these studies, targets and distract@uswally shown in the same display
(e.g., on the computer screen). However, childrencanstantly exposed to a visually-
enriched environment and little is known aboutiitBuence on children’s cognitive
performance. Our aim was to investigate whetheigh-load vs. a low-load visual
surrounding environment influences children’s ctigai performance as evaluated by
simple cognitive tasks. To this end, 64 childregeth 8-12 years) completed two
experimental sessions: one in a high-load and ttieeroin a low-load visual
environment. In each session, they performed vspadial cognitive tasks: two
attentional and two memory tasks. Overall, the Itessuggested that the high-load
visual environment impaired children’s cognitivafpemance as they performed better
in the low-load visual environment (e.g., highergeatage of correct responses, higher
memory span) as compared with the high-load visnaironment.

Given that educational settings (e.g., classroans)often enriched with various
visual stimuli (e.g., posters, maps, and drawings)propose an alternative paradigm to
study distraction in children that brings togetkiee rigor of experimental psychology
and more ecological validity into the exposure teptial distractors. Our results
suggest that by influencing basic cognitive proesgbat support more complex ones,
the surrounding environment one typically finds educational settings (e.g.,
classrooms enriched with visual stimuli such astgrss paintings, and drawings) can

potentially disrupts learning.

Keywords: Children; Visual surrounding environment; High-loadual environment;

Low-load visual environment; Visuo-spatial cognitiperformance; Distraction.
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Highlights:

We studied the influence of the visual surroundémyironment on children’s
cognitive performance;

Children performed visuo-spatial attentional andnmaey tasks while being
immersed in a high- and a low-load visual surroongdinvironment;

Children’s cognitive performance was impaired whasks were performed in
the high-load visual environment;

We presented an ecological paradigm that more lglasenics the conditions
children encounter in their everyday life.

50



3.2. Introduction

In recent years, an increasing number of studas leen concerned with the
influence of the surrounding environment in humaalth, performance, and behavior
(e.g., Steidle & Werth, 2014; Vischer, 2007). Suefiuence has been addressed in
several contexts (e.g., work context: Barry, 20Q8mjcal setting: Huisman, Morales,
van Hoof, & Kort, 2012), including in learning sats (Fisher et al., 2014; Stern-Ellran
et al., 2016). Indeed, environmental charactessticschools, such as the space design,
lightning, color, or sounds, seem to influence acaid progress (Barrett et al., 2016).
Children learning environments (e.g., an elemensiyool classroom) are typically
colorful and sensory-rich spaces displaying manyord educational materials.
Although these stimulating environments are deslgoneprovide sensory enrichment in
early phases of development and to motivate pupilengage in learning activities
(Barrett et al., 2016), little is known about thesal effects in learning. Some authors,
however, consider that such classroom environmams'excessively stimulating and
disrupting” (Stern-Ellran et al., 2016, p. 1), d@come a source of distraction (Choi et
al., 2014; Fisher et al., 2014; Godwin et al., 20a46d may even have a negative effect
in learning (Fisher et al., 2014).

The Environment-Behavior Model proposed by Barretid Barrett (2010)
provides a framework to better understand the enwuiental factors that could
influence children’s performance in classrooms.ddmg to this model, there are three
main environmental factors that influence learngagns: naturalness, individualization,
and level of stimulation. The first refers to tldea that cognitive performance could be
improved when individuals are linked with naturldrneents, such as plants or pure air.
The second denotes that children’s learning isiérfted by their own location in the
classroom and/or by their connection with the renng learners. The level of
stimulation relates to the color and the complexitythe visual environment of the
classroom. Of main interest to the current studyéslast element which has also been
considered in two previous studies (Fisher eall4; Stern-Ellran et al., 2016).

Fisher et al. (2014) conducted a study to undedsthe impact of the classroom
visual environment in children’s ability to focuseir attention during lessons and to
learn their contents. Following a within-subjecesign, twenty-four childrenMage =
5.37 years) participated in several lessons over weeks. Half of the lessons were

performed in a decorated-classroom and the rengpimna sparse-classroom. The
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decorated-classroom consisted of a laboratory rdass with several visual elements
potentially distractors and usually found in eletaey schools, such as posters, maps,
and drawings. The sparse-classroom was the sante sythout these stimuli. The
order of the environmental manipulation was altesdaamong lessons. After each
lesson, learning gains were assessed via papepemul tasks. All lessons were
videotaped to assess children’s behavior, suchhas distractibility. The results
indicated that the high-decorated environment imgghilearning gains. Participants
were also more distracted and spent more timeasi-in the decorated-classroom than
when they were in the sparse-classroom. This winessed the potential negative effect
of the external environment on children’s perforeman Off-task behaviors or
inattention by children have been widely documernitedducational settings as one of
the factors restraining learning gains (for a revisee Godwin et al., 2016).

Stern-Ellran et al. (2016) aimed to identify thfeet of a colorfulvs. non-colorful
surface on children’s structured play. To this difteen preschool children (age range:
38-52 months) performed three typical preschool gg@mm a colorful and in a non-
colorful surface in two separate sessions. Therftdloondition consisted of a surface
covered with paper decorated with several imagescators, while the non-colorful
condition was a stand covered with a white paper.edch session, participants
completed each game individually and without tinmaitt The order of the conditions
was randomized across participants. The two sessioourred with an interval of 1-2
weeks. Two cameras recorded each session; researtten coded and analyzed
children’s behavior. Results indicated that in twdorful surface children had more
disruptive behaviors, such as staring away, emittimcalizations, and missing pieces of
the game, than in the non-colorful surface. Thiglgtrevealed that a high-colorful
environment interfered with preschoolers’ structupéay. The authors speculated about
the potential effect of the surrounding environmienattentional, perception and other
cognitive processes. However, this study did notuithe assessment of these specific
processes (i.e., cognitive tasks). Given that ohdare constantly inserted in a specific
context that could influence their cognition andhdaors (Barrett et al., 2016; Godwin
et al., 2016), studies that look into more basgnitive processes are warranted.

To our best knowledge, only one study (which wasied out with older adults)
investigated the effect of the visual surroundimyi@nment on the performance of
basic cognitive processes (Rodrigues & Pandeir&fd,5). In this study, forty

Portuguese older adultM{e = 72.98 years) performed two experimental sessiotis
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an interval ranging between 14-21 days: one inga-load and the other in a low-load
environment. In the former, the room where the isassccurred contained several
visual elements such as posters and photos digplagethe wall in front of the
participant. The low-load environment consistedh&f same room without these visual
elements. In each session, each participant peefbtmo visual attention tasks and the
three working memory tasks of the Weschler Adutiielligence Scale-Ill (Wechsler,
2008). The orders of the tasks and of the environimaere counterbalanced across
participants. The results revealed worse performapcedominantly in the attentional
tasks (visual tasks), when the tasks were completélde high-load as compared with
the low-load visual surrounding environment. Thisdy showed that the surrounding
environment can indeed have damaging effects iplsimognitive tasks. It seems that
people in this age range (older adults) have diltiies ignoring distractors that are
embedded in their external environment, which maydbe to a deterioration of their
cognitive functions (Craik & Bialystok, 2006; Samd al., 2012). Do these results also
apply with children, given their immature cognitiggstem which also makes them
susceptible to be affected by potential distraétors

Children have been found to have difficulty notlyoim ignoring distractors
embedded in the environment during learning taskshér et al., 2014), but also in
focusing on target stimuli showed among distractdien these are presented in a given
cognitive task (with no consideration of the sumdwng environment). In fact,
children’s distraction in cognitive tasks has besetensively studied with different
stimuli and with different age groups (e.g., Gaspélargett-Jordan, & Ruthruff, 2015;
Tsubomi & Watanabe, 2017). For instance, in a studgaspelin et al. (2015), eighty-
four participants (39 childreMage = 4.2 years; 45 adult®.ge = 21.5 years) performed
a computerized spatial attention task, in whicly tivere instructed to find “spaceships”
of a given color while ignoring salient precues evheither matched or mismatched the
target color.The results revealed that children were slowerind fargets and were
more susceptible to capture irrelevant informatisrcompared with adults. The authors
concluded that “this finding justifies attempts pootect children against distraction
(e.g., in educational contexts)” (p. 467). A simifaattern of results was obtained in
previous studies in which school-age children wax@e susceptible to visuo-spatial
distraction than adults (Brockmole & Logie, 2013yrkimel, Li, & Li, 2004; Merrill &
Conners, 2013; Olesen, Macoveanu, Tegnér, & Klingb2007). Most of the research

that has employed cognitive tasks to measure paatits’ distraction with visuo-spatial
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elements, typically presents targets and distraCtam the same display (e.g., on the
computer screen; Gaspelin et al., 2015; Hommell.e2804). Distraction is usually
measured by the percentage of trials in which dréigipant focuses his/her attention in
the distractor stimuli which results in a lower g@artage of correct responses, just to
give an example (e.g., Kannass & Colombo, 2007haddgh this type of procedure is
of theoretical relevance, it might also be intargsto analyze school-age children’s
distraction when targets displayed on a computeesc(cf. typical cognitive tasks) and
distractors embedded in the surrounding environroemipete for processing resources.
Such a procedure would more closely mimic the dwoth children face in their real
learning environments (e.g., classrooms). Followthg study by Rodrigues and
Pandeirada (2015), the present research aimedvéstigate the potential effect of a
high-load ¢s.low-load) visual surrounding environment in simplagnitive tasks in a
group of school-age children. To this end, sixtyffochildren (8-12 years old)
performed two experimental sessions in which tiseali surrounding environment was
manipulated. In one of the sessions participante wgposed to a high-load and, in the
other, to a low-load visual surrounding environmeénteach session, each participant
performed two visual attention and two visuo-spatiamory tasks.

We focused on cognitive tasks widely used in tkerdture that assess visuo-
spatial inhibition, response selection, and workingmory. These cognitive skills are
crucial in children’s interaction with their surmding environment, and therefore
important to academic success (Vuontela et al.3200/e predicted that the high-load
visual environment would impair children’s cognéiperformance (Craik & Bialystok,
2006; Fisher et al., 2014).

3.3. Method
3.3.1. Participants

Our sample consisted of 64 Portuguese childred 8¢E2 years (32 girldlage =
10.16,SD = 1.36). They were recruited from two groups diaas from the Aveiro

district (Portugal). Informed consent was previgusbtained from the children’s legal

19 Distractors refer to stimuli present in a situatiask which are not directly related to the task
at hand (non-target information). Distractors usua@ompete with target information and
individuals should ignore them to successfully perfthe task of interest (Gilbert & Li, 2013).
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guardian. Children also expressed their agreenmepaiticipating and were informed
that they could withdraw from the experiment at ame if they wanted. None of the
children that participated suffered from neurolegisychologic, or learning disorders,

according to the information provided by the chells guardians and teachers.

3.3.2. Materials

Sociodemographic  questionnaire. This  brief  instrument  included
sociodemographic questions (e.g., age, sex, ankhhaandition), that allowed us to
characterize the sample and evaluate possible&nlmotives. This was completed by
the guardians.

Cognitive tasksAll participants performed four cognitive tasks:ootwisuo-spatial
attention @o/no-go and choice reaction timeand two visuo-spatial memory tasks
(Corsi block-tappingandRey Complex Figuje The attentional tasks were programmed
and ran by the software E-Prime 2.0 (Schneidet.e2@02). TheCorsi block-tapping
was applied in a computerized version (PEBL; Muelk012) and thdkey Complex
Figure (RCF) was administered in its traditional formaager-and-pencil; Rey, 1988).

In thego/no-gotask (e.g., Steele et al., 2014), the leter K was randomly and
singly presented on the computer screen for a maxiperiod of 600 ms (time window
for participants to provide their responses). Aafign cross preceded each letter for a
period of 500 ms. The inter-trial interval was arie¢he following four: 500, 1000, 1500
or 2000 ms. Each participant was instructed: gréss on the “white” keyboard key as
soon as possible when the letkefgo stimulus) was presented on the computer screen;
and b) do nothing when the letker(no-gostimulus) was exhibited. A white sticker was
placed on the spacebar keyboard key to facilitagpaonding. Thego stimulus was
presented in 66% of the total trials whereas ribego stimulus was exhibited in the
remaining 34% of the trails. One-hundred and festperimental trials were presented
to each participant, after having completed 12 tpadrails.

In the choice reaction timdask (e.g., Kawashima et al., 1996; Woods et al.,
2015), children were instructed to respond as dyiakd correctly as possible to the red
rectangle by pressing the “red” keyboard key anthéogreen rectangle by pressing the
“green” keyboard key; a red and a green stickerg\wkaced on the keyboard keys “Q”

and “P”, respectively. Each rectangle was randoexlyibited on the computer screen
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for a maximum period of 600 ms (time window to pd®s responses). Half of the
rectangles were red and the remaining were gremminker-trial interval was one of the
following four: 1000, 1500, 2000 or 2500 ms. A fiseation cross (500 ms) preceded
each rectangle. Each participant started the tagh @2 training trials and then

completed 140 experimental tritlis

In theCorsi block-tappingnine blue squares appeared in the white screemeof t
computer. In each trial, some squares lit up (iloyg, one per second creating a
specific sequence. Participants were instructagpeat the same sequence clicking on
the squares in the same order they litfopward span using the computer mouse. The
number of lit squares involved in each sequencee@sed after two trials of a given
extension: The first two trials included the lighiteg of two squares; the following two
trials consisted of the lightening of three squaessl so on. When the participant did
not reproduce the sequence accurately on the tais of the same length, the task
finished automatically (Corsi, 1972; Kessels et2008; Pagulayan et al., 2006).

TheRey Complex Figure — Figure RCF; Rey, 1988) is one of the most popular
instruments to assess several cognitive domaingaiticular visuo-spatial memory
(e.g., in children and adolescents: Simdes e2@ll,1). Although other administration
procedures exist, we applied the copy and the inmtedecall tasks. In the first,
participants were instructed to copy tREF in a paper sheet with the presence of the
figure-stimulus. In the immediate recall, three uates after the conclusion of the copy,
participants were asked to reproduce R@F in another paper sheet but now without

the presence of the figure-stimulus.

Environmental conditionslwo environmental conditions were created: the high
and low-load visual surrounding environments. Thst fconsisted of a white stand
displaying several visual elements whereas thengkeconsisted of a replica of the stand
without any visual elements. The pictures usedhim high-load visual environment
were subjected to a previous pilot-study (for mdetails, see General Method in

Chapter 2). In the two conditions, the stand wascgd on the table were the four

! Detailed information of the two attentional taskas provided in the previous General
Method chapter (Chapter 2).

2The copy was administered as a requirement torthrediate recall. The later assesses visuo-
spatial working memory (among other cognitive aiet).
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cognitive tasks were performed (see Figure 6 for idustration of the two

environmental conditions).

(b)

Figure 6. lllustration of the two visual environmental cotalns. (a) High-load visual

surrounding environment; (b) Low-load visual sumding environment.

3.3.3. Procedure

Following a within-subjects design, each partioipattended to two sessions: one
in the high-load and the other in the low-load wgisenvironment with an interval
between 14-21 days (similarly to Rodrigues & Paradid, 2015). The orders of the
environment and of the cognitive tasks were colnalanced across participants (more
information was provided in the General Method enésd in Chapter 2). Each
participant performed the two sessions at abous#me time of the day. All sessions
occurred in a quiet room of the school being ateenidy the participant. Given that the
cognitive tasks were of visuo-spatial nature, ia finst session we conducted a short
visual screening and stimuli recognition task.his task, several colors and letters were
presented and participants were instructed to gimpime each stimulus (name of the
color and letter identification). No participanteene excluded due to failure in this
screening. Other self-report measures which did intgrfere with the environment
manipulation nor with the cognitive tasks were &aiplbefore and after performing
these cognitive tasks; these are not addressedakeiteey do not relate to the goal of

this paper.
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3.3.4. Data Analysis

Given that each participant performed the four dogntasks in the high-load
and in the low-load environment, we used pairdekts to examine the environmental
effect in each behavioral variable. In the go/no4fpe variables of interest were: hits,
false alarms, and reaction times for hits. In theice reaction time, we presented
results for the following variables: correct respes, errors, and reaction times for
correct responses. Memory span was the behaviarable in the Corsi block-tapping
task, whereas total scores in the copy and inrtimeddiate recall were the two variables

in the Rey Complex Figure.

3.4. Results

Go/no-go. In the high-load visual environment participantsoquced a
significantly lower percentage of hits as compaxethe low-load visual environment,
t(63) = -4.010,p < .001,d = .397. No significant differences were obtainedthe
percentage of false alarmg € .893) nor in the reaction timep & .788). The

descriptive values are presented in Table 2.

Choice reaction timeOverall, participants performed better in the lload visual
environment as compared with the high-load visaairenment. This pattern of results
was obtained in two of the three variables of task. Specifically, participants had a
higher percentage of correct respongé€8) = -2.616p = .011,d = .318, and also faster
reaction times for correct responsf63) = 2.366p = .021,d = .275, in the low-load
than in the high-load visual environment. No siguaint differences were obtained for
the percentage of errorp € .108). See Table 2 for the descriptive valuesath

variable.
Corsi block-tapping. Participants had better performance in the low-load

compared to the high-load visual environment caooljtt(63) = -2.732p = .008,d =

.337 (see Table 2 for the descriptive values).
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Rey Complex Figurén this task, we were mostly interested in the pdare that
relied on memory performance, the cognitive procgdgaterest here. In the immediate
recall, children performed significantly bettertive low-load visual environment than in
the high-load visual environmen{63) = -3.107,p = .003,d = .328. No significant
differences between the two environmental conditiomere obtained in the copy
performance suggesting that the differences oldaimeéhe immediate recall cannot be
attributed to a priori differencep € .267) (see Table 2 for all of the descriptiviues).

Table 2
Descriptive data for the two attentional and theotmemory tasks. Mean values (and
SD’s) are presented for each variable by environiaesondition.

High-load Low-load
environment environment

Go/no-go

Hits (%)*** 84.90 (13.93) 90.12 (12.32)

False alarms (%) 29.65 (16.67) 29.95 (17.96)

Reaction times (ms) 378.70 (36.88) 377.55 (46.48)
Choice reaction time

Correct responses (%)* 73.10 (17.05) 78.27 (15.45)

Errors (%) 10.94 (5.95) 12.51 (9.12)

Reaction times (ms)* 378.45 (48.81) 363.82 (57.17)
Corsi block-tapping

Memory span** 4.39 (.95) 4.70 (.89)
Rey Complex Figure

Copy (points) 31.74 (4.42) 32.13 (4.23)

Immediate recall (points)** 21.75 (6.13) 23.76 (64)

Notes:*p < .05; **p < .01; **p < .001. Statistically significant effects are ribta bold.”The
administration of this task was a requirement ®ithmediate recall task and is not of particular
interest to our goals.
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3.5. Discussion

“The ability to hold or sustain attention to a task or problem in thestniof
competition for attentional focus” (Kannass & Colamn 2007, pp. 63-64) is widely
studied in different age groups and with differstitnuli (e.g., Gaspelin et al., 2015). In
this study, we experimentally manipulated the sumtbng environment (highss. low-
load visual surrounding environment) and investadahe effects of this manipulation
on children’s cognitive performance, particulanytwo visuo-spatial attention and two
memory tasks. Even though the study of distradtias a relatively long history, studies
have relied mostly on procedures where the maik @asl the distractor are presented
on the same display, usually on a computer screaq, (Gaspelin et al., 2015). The
procedure adopted in this study introduces a mamdogically-valid procedure by
trying to mimic the conditions children have todaa their daily activities (e.g., their
classrooms). Although a couple of previous stutlieége addressed a similar question,
they did so looking at more global measures (&grning). The present study looked at
basic cognitive processes which underlie many ottwmmnplex processes adopting
procedural details pivotal in experimental methodgl that have not always been
adopted in these last studies (e.g., counterbalgrafithe environmental conditions and
of the tasks).

Overall, our results revealed that a high-load alissurrounding environment
disrupts children’s (8-12 years old) cognitive pemiance as evaluate by the four
cognitive tasks administered. Specifically, thehkigad visual environment impaired
cognitive performance of the children in five oethight® considered variables. In the
high-load visual environment participants provideiver hits (go/no-go task) and
correct responses (choice reaction time task). thaddilly, children were slower to
provide correct responses when they performed biméce reaction time task in the
high-load than in the low-load visual surroundintyieonment. Regarding the memory
tasks, the high-load visual environment was detntaein the two cases (i.e., Corsi
span and immediate recall of the Rey Complex Figure

Our findings are in line with previous studies witbunger children in which a

decorated classroom impaired children’s learnind attuctured play (Fisher et al.,

13 Although we presented data related to copy adimatisn of the Rey Complex Figure, this
only constituted a prerequisite to the immediataltgorocedure, the variable of interest in this
work.
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2014; Stern-Ellran et al., 2016). The current stdiffered from these studies, thought,
as we used basic cognitive tasks and a more ctatdraurrounding setting. Our
findings could be justified by developmental aspechildren’s cognitive capacities are
in development, specifically attentional abilitiemd the capacity to filter relevant
information for a given task are still developingofnmel et al., 2004; Merrill &
Conners, 2013). Similarly to Rodrigues and Pandeif@015), we speculate that in the
high-load condition children faced competing enmim@ntal information (stimuli of the
tasks and the visual surrounding elements), andrakelts suggest they might have
difficulties to deal with the interference creat®dthe two sources of stimulation. While
in Rodrigues and Pandeirada (2015), older adulte wepaired by a high-load visual
environment, possibly because their cognitive céigacare in decline, in our study, the
impairment of the high-load surrounding environmeuld be justified by the
immaturity of the children’ cognitive system (Braokle & Logie, 2013; Craik &
Bialystok, 2006).

Previous studies using the typical procedure testigate distraction in children,
in which targets and distractors were presentedhencomputer screen, have also
revealed a detrimental effect of the presence siratitors (e.g., Merrill & Conners,
2013). Our results are also in agreement with sepbrts. Importantly, we used a more
ecological approach that more closely resemblesdnéitions in which children have
to operate in their daily lives while assessingdpsocesses that are crucial to learning
and that are widely used in several contexts (&/ggntela et al., 2013). We can
speculate about the implications of these resuitschildren’s lives. Given that
classrooms are typically colorful and sensory-ritls likely that this type of learning
environments could hamper their learning gains.c&inn the high-load visual
environment children provided fewer hits, fewerreot responses, and longer reaction
times (choice reaction time task), as well as aseanemory performance, we can
ponder how such difficulties can translate into tbal classrooms. In high-decorated
classrooms, children would be more likely to spemate time off-task and retain less
(visuo-spatial) information, as compared to whaulddhappen if they were in a low-
decorated classroom. Even thought we did not dbggt test these behavioral
components in our study, the results from Fishealet(2014), in which children’s
behavior was videotaped and then analyzed, supipersuggestion. A combination of
the procedure presented in our study along witlakiehnal measures (e.g., eye tracking,

video record) that could inform about the mechasighat underlie this detrimental
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effect of a high-load visual surrounding environinghould be implemented in future
studies. Given that this was the first work emphgyithis procedure to study
environmental distraction in children, more emgitievidence is needed to establish the

validity of this paradigm and then its practicapiications.
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CHAPTER 4.

The damaging influence of a high-load visual surronding
environment in visuo-spatial cognitive performance:

A study with adolescents



The work presented in this chapter is in preparation for submission to an international

peer-reviewed journal:

Rodrigues, P. F. S., & Pandeirada, J. N. S. (irpgmegion for submission). The damaging
influence of a high-load visual surrounding envir@amt in visuo-spatial cognitive performance:
A study with adolescents.

[Some wording adjustments were made in the forrurabere presented as some of the information
presented in the Manuscript would be redundant wifbrmation provided in previous chapters; for
example, the Manuscript in preparation includessssvsupplemental materials related to the Method
which has been described in detail in the Generthbd chapter (Chapter 2). The Reference list ®f th

Manuscript has been integrated in the final Refegdist of this thesis].
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4.1. Abstract

Adolescence is the developmental period betwedldhdod and adulthood in
which cognitive processes are still in maturatidmong several mechanisms, the top-
down processing, which is closely related to thiéitghio inhibit irrelevant information
from the focus of attention, is crucial for theerdction of individuals with their
surrounding environment. Typically, cognitive preses, in particular those related
with visuo-spatial processing, are studied usingmaterized tasks in which targets and
distractors are shown in the same display (e.g.ctimputer screen). Nevertheless, little
is known about the influence of a visually-enrichedrrounding environment on
cognitive performance, particularly in adolescentse propose an alternative
experimental paradigm that addresses this isstigeistudy of distraction. The goal of
this study was to investigate whether a high-leada low-load visual surrounding
environment influences adolescents’ cognitive pemBnce as measured by simple
cognitive tasks. Our sample was composed of spiy-adolescents (aged 13-17 years)
who participated in two experimental sessions (mna high-load and the other in a
low-load visual surrounding environment). In eaelBsson, four visuo-spatial cognitive
tasks (attention and memory) were administered.r&lyehe results revealed that the
adolescents’ cognitive performance was impairednathey performed the tasks in the
high-load environment (e.g., fewer hits, corregpanses, and more false alarms and
errors). The results of this study which combines e€xperimental rigor of validated
cognitive tasks with greater ecological validity how the potential for distraction is
imposed, suggests that more attention should bete@wo the potential effect of the

external environment in adolescent’s everyday #igs/(e.g., in classrooms).

Keywords: Adolescents; Surrounding environment; High-loadualsenvironment;

Low-load visual environment; Visuo-spatial cogntiperformance; Distraction.
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Highlights:

* The influence of two visual surrounding environnseoh adolescents’ cognitive
performance was investigated;

e Adolescents performed four visuo-spatial cognitiavgks while being immersed
in a high-load and a low-load visual environment;

* Overall, adolescents’ cognitive performance wadebewvhen the tasks were
conducted in the low-load visual surrounding envinent;

* This paper proposes an alternative experimentadogm to study distraction
that more closely mimics the conditions adolesctaus in their everyday life.
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4.2. Introduction

Adolescence is a phase between childhood andhadult with marked brain
development (Rubia, 2013; Vijayakumar, Allen, et @016). Consequently, sensory
and motor processes, as well as cognitive functioature during this developmental
period (Burggraaf et al., 2017). The ability to rage the enormous amount of stimuli
present in the environment in any given momentctvimcluded the capacity to inhibit
irrelevant information from the focus of attentias,among these cognitive functions
and is absolutely vital for interacting with theswnding environment (Galotti, 2013).

In particular, two neurocognitive mechanisms, iatmation during adolescence,
are essential to select important stimuli whileaigng irrelevant inputs: bottom-up and
top-down. The first allow us to select stimuli acting to their salience and novelty,
whereas the top-down processing allows us to sstentli according to our goals and
expectations: goal-driven selection (Theeuwes, P0T@e still immature cognitive
system of adolescents (Konrad, Firk, & Uhlhaas,30takes them more vulnerable to
the influence of the external environment. This kvmcused on visuo-spatial skills that
“have often been tested in children and adultshawe been less frequently evaluated
during adolescence” (Burggraaf et al., 2017, p 1).

Several studies discuss the influence of numeeongonmental aspects in many
contexts (e.g., academic setting: Barrett et 8152 work context; Barry, 2008a). For
example, in scholar contexts, academic progressnset be influenced by
environmental characteristics, such as the spasigrddats light, color, or sound (e.g.,
Barrett et al., 2015). To promote the best learraogditions in academic settings is
definitely a concern of our society (Kuuskorpi & @@lez, 2011). An important model
to consider in this topic is the Environment-BeloawWodel of Barrett et al. (2015).

According to the Environment-Behavior Model of Bt et al. (2015), there are
three schools design principles that are crucial gmd learning: naturalness,
individualization, and level of stimulation. Thesli proposes that “links to nature” (p.
119) (e.g., natural light, classroom temperatuaes, its air quality) improve cognitive
function and consequently learning gains. Indivichation is related to students-
centered strategies, such as their position inctassroom. The level of stimulation
proposes that the color (Al-Ayash et al., 2016) #rel complexity (Almeda, Scupelli,
Baker, Weber, & Fisher, 2014; Godwin et al., 20@6the surrounding environment

have an important role in students’ achievementsvéver, little is known about the
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influence of the surrounding environment on cogeitperformance, particularly when
measured by specific cognitive tasks. Given thatlestents are typically exposed to
scholar environments with high visual loads, itrseamportant to understand if this
type of surrounding environments influences thesgritive performance in basic
processes which underlie learning activities.

One aspect directly related with cognitive devatept and commonly assessed in
typical visuo-spatial cognitive tasks is distrantiGaspelin et al., 2015). Distraction
refers to the inability or difficulty to maintairtteantion only to target stimuli attending
concomitantly to irrelevant information, that isstdactors (Gilbert & Li, 2013). In most
studies, specifically with adolescents, targets @distractors are embedded in the same
display, usually the computer screen (e.g., Spryiogel, & Jonkman, 2012). A typical
procedure in this type of studies consists in prisg letters or numbers in a low- and
high-perceptual load. Participants are instructedientify the letter or number showed
on the computer screen, among irrelevant stimusitr@ctors) which also are presented
on the computer display. The results suggested dkaperceptual load increased,
processing of the distractors decreased (e.g., €asp 2011). However, we are
constantly exposed to physical spaces that inchederal visual stimuli, most of which
are frequently irrelevant to the task at hand. i of studies have emphasized the
influence of visual distractors in learning gainsdan cognitive performance when
these elements were present in the surroundingamaent rather than on the computer
screen (Fisher et al., 2014; Rodrigues & Pandejr@fd5, 2016). This type of
procedure provides more ecological validity to sedy of the influence of distractors
in performance.

Fisher et al. (2014) aimed to study the influeatéhe classroom’s decoration in
children’s attention and in their learning gains. this end, twenty-four young children
(Mage= 5.37 years) attended several lessons over twasvétalf of the lessons were
taught in a decorated-classroom whereas the othdrwere taught in a sparse-
classroom. The decorated-classroom consisted abardtory classroom with a high-
load of visual elements typically found in schoolmts, such as maps, pictures, draws,
and so on. The sparse-classroom was the same robmithout any of these visual
elements. The order of the environmental manipaatvas alternated among lessons
and among participants. After each lesson, childsene submitted to a paper-and-
pencil test aimed to assess their learning of tlesgnted material. Each lesson was

videotaped to assess children’s behavior. The tegudlicated that in the decorated-
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classroom, learning gains were lower than in trerssgclassroom condition. Children
were also more distracted and spent more timeask-in the decorated- than in the
sparse-classroom. Other studies have highlightech¢led to study the relation between
classroom displays and attentional processes fdrgeda et al., 2014).

Following this more ecological paradigm of Fiske¢ral. (2014), Rodrigues and
Pandeirada (2015) conducted a study to explorentheence of visual environmental
distractors in cognitive performance of older aslulthe authors also created two
environmental conditions: a high-load (distractinghd a low-load visual (non-
distracting) surrounding environment. In the firkte wall being faced by participants
while they were performing simple cognitive taskaswdecorated with several colored
posters and photos, whereas in the second the sathavas free from any visual
elements. In individual sessions, each particigampleted two experimental sessions
with an interval of 14-21 days between sessions Ohthe sessions occurred in the
distracting and the other in the non-distractingiremment. In each session, each
participant performed two visual attention tasksnfde reaction time and go/no-go
tasks) and the three verbal working memory task® fthe Wechsler Adult Intelligence
Scale-1ll (WAIS-III; Wechsler, 2008). The order thie environmental manipulation and
of the tasks was counterbalanced across particgp&itder adults performed worse
when the tasks were completed in the high-loadrenment as compared to the low-
load environment. This pattern was particularlydewit in the visual attention tasks. The
same authors presented in 2016 a preliminary siuihythirty-two children (age range:
8-12 years). Following a similar procedure of thaievious study with older adults,
their aim was to investigate the influence of ahhigs. low-load visual external
environment on visuo-spatial cognitive performangeasured by typical cognitive
tasks (e.g., visual go/no-go). Overall, childrep&formance was impaired when they
conducted the cognitive tasks in the high-load mmwment as compared with the low-
load environment. Taking into account these reswitauld the adolescents’ cognitive
performance also be influenced by the externalrenment?

The current study aimed to explore the influentéhe visual characteristics of
the visual environment in simple cognitive tasks adolescents. Considering that
adolescence is an age group susceptible to atbeinetlevant information because their
cognitive functions are still developing (Luna, 2)0we expected that a high-load
visual surrounding environment would impair theggoitive performance in visuo-

spatial tasks as compared to a low-load visualrenment. To this end, sixty-four
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adolescents (ages: 13-17 years) completed twoossssone in a high-load and the
other in a low-load visual surrounding environmdnteach session, each participant

performed four visuo-spatial cognitive tasks.

4.3. Method
4.3.1. Participants

Sixty-four adolescents aged 13-17 years (33 dullge = 14.44,SD = 1.36) were
included in this study. They were recruited fronotgroups of schools from the Aveiro
district (Portugal). None had a history of neuratady psychiatric or learning disorders.
This study was authorized by the Portuguese Dirat#eGeneral for Education and by
the Directors of the participant schools. Infornvagtten consents were obtained from
all participants and from their legal guardiansopitio participation. Inclusion criteria
were: a) to be aged between 13-17 years (an agge ranommonly defined as
adolescence); b) to recognize all visual stimukdusn the cognitive tasks during a
visual screening procedure administered in the &ession; c) to have no history of
neurological, psychological or learning disordeasd, d) to have normal cognitive
scored? in the abbreviated forms of the Wechsler Intetige Scale for Children-Ili
(WISC-Ill; Wechsler, 2003; participants aged 13-Y6ars) or of the WAIS-III
(Wechsler, 2008; participants aged 17 years). Noggaants were excluded for any of

these criteria.

4.3.2. Materials

In the visual screeningapplied at the beginning of the session, the rekea
presented to each participant several colors amtettersX andK and participants were
instructed to simply name each stimulus. A bsetiodemographic questionnaiveas
also administered and consisted of a few questisnsh as age, sex, and health

condition which allowed us to characterize the damphe experimental part consisted

% According to normative data from the Portugues@utation, the standardized scores
obtained in the WISC-IIl or WAIS-IIl were: 13-16 &es old (vocabularyM = 12.15;SD =
1.94; cubesM = 10.81;SD = 1.48); adolescents aged 17 years (vocabuMry: 12.80;SD =
2.95; cubesM = 13.00;SD= 2.00). More information is provided in Chapter 2.
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of four visuo-spatial cognitive tasks: two attenib and two memory tasks described
next.

Go/no-go.This is a widely used task to assess inhibitiomdolescents. In this
task, the letteX or K appeared randomly and individually on the compsteeen for a
maximum duration of 600 ms; this also correspondedthe time window for
participants to register their responses. Eachrletas preceded by a fixation cross for
500 ms and then by one of the following interv&80, 1000, 1500 or 2000 ms. A
schematic illustration is provided in Figure 7. Tlolowing instruction was given for
this task: “Press as soon as possible and acouratdie white keyboard key when the
letter X is presented on the computer screen and do npomdswhen the& letter is
displayed”. Thego (X) stimulus appeared in 66% of the trials and theya(K) in 34%.

A white sticker was placed on the “space” bar keyddkey for easiness of response.
The task was composed of 140 experimental trialgtaof 12 practice trails preceded
these trials. The behavioral measures in this veste: hits (i.e., the percentage g
stimuli to which the participant provided a respendalse alarms (i.e., the percentage
of no-go stimuli to which the participant provided a respe); and reaction times for
the hits (i.e., the time that elapsed between tineus presentation and the occurrence
of the response to tlgo stimuli) (e.qg., Steele et al., 2013; Vidal et 2aD12).

Variable ITI: 500 to 2000 ms

500 ms
600 ms
(...) + : .
Variable ITI: 500 to 2000 ms
) X
500 ms
600 ms
+
Timeg K

(...)

Figure 7. Schematic illustration of thgo/no-gotask. The lettetX was the target-

stimulus and the lettéd was the non-target stimulus.
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Choice reaction timeThis task required two specific responses to twsiirtit
stimuli (response selection). Each participant imaucted to press as soon as possible
and correctly in the red keyboard key when a rethregle appeared on the computer
screen and to press in the green keyboard key whgmeen rectangle was presented.
Each stimulus was presented singly and randomb@#b of the trials for a maximum of
600 ms (time window to provide responses). Eactangte was preceded by a fixation
cross of 500 ms and followed by an interval randgoegjween 1000-2500 ms. After
completing 12 practice trails, each participantfgrened 140 experimental trails. See
Figure 8 for a schematic illustration of this ta3ke behavioral measures in this task
were: correct responses (i.e., when participarésgad the green in the presence of the
green rectangle, and the red keyboard key in thegnce of the red rectangle), errors
(when patrticipants pressed the colored button dichinot correspond to the stimulus
color), and reaction times to correct responsesagommed from the onset of each
stimulus until a correct response was produced),(Kawashima et al., 1996; Woods et
al., 2015).

Variable ITI: 1000 to 2500 ms

500 ms
600 ms
(...) + Variable ITI: 1000 to 2500 ms
- 500 ms
“““““““““““ 600 ms
.............. .
77’77@ ““““““““““
I (...)
““““ =

Figure 8.lllustration of thechoice reaction time tagirocedure. Each stimulus (red and

green rectangles) required a specific response.

Corsi block-tappingThis task is commonly used in different populasiom assess
visuo-spatial working memory, namely in its compizted forms (e.g., Brunetti et al.,
2014). In this study, we used the computerizedioersf Mueller (2012) in which nine

blue squares appeared on the white screen of theuwter. In each trial, some squares
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lit up (in yellow), one per second creating a sfiegequence. It was required that
participants repeated the same sequence by cliakinthe squares in the same order
they lighted up forward spaf. The initial two trials comprised a sequence wb t
squares; the following two trials consisted of éhsguares, and so on. After two wrong
trials of the same length, the task was ended, (Egsi, 1972; Kessels et al., 2008).
The memory span is the dependent variable.

Rey Complex Figure (RCF) — Figure(Rey, 1988) This instrument is widely-
applied instrument to assess several cognitive d@mnauch as visuo-spatial working
memory (Simdes et al., 2011). In this study, weeniaterested in the immediate recall
procedure, although the copy procedure was appbesl requirement for the immediate
recall. In the copy, each participant was instrddte copy the RCF in the presence of
the figure-stimulus. No time limit was imposed fbis task. A sheet of paper and a
pencil were provided to the participant who wadrirted to draw the figure as closely
as possible to the original (i.e., with a similazesand all possible details). Three
minutes after the conclusion of this task, theip@@nt was asked to replicate the RCF
on another sheet of paper, but without the presehtee figure-stimulus; this was the
immediate recall procedure. The score of highestrést was the one from the
immediate recall task, although we also presenstioee from the copy administration
for control purposes. Scoring was done following thles of the European Portuguese
version of the RCF; higher values correspond ttebgerformance (Rey, 1988).

Visual environmental condition&imilarly to Rodrigues and Pandeirada (2015,
2016), two distinct environmental conditions wereated: the high-load and the low-
load visual surrounding environments. The firstststed of a white stand displaying
several pictures considered to be attractive tdeadents according to the data obtained
in a pilot study (described in the General Metho€hapter 2). The low-load condition
was a replica of this white stand but containingures or other visual elements. The
stand was placed on top of the desk where partitsgaerformed the cognitive tasks. In
this created environment, adolescents faced eitierhigh- or the low-load visual
environment while they performed the four cognititgsks (similar procedure with
colored walls: Al-Ayash et al., 2016). This proceslwf creating the environmental

conditions ensured they were kept constant acrbgsdicipants even when the data
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were collected in different schools and rooms. Wusiration of the two environments

is presented in Figure 9.

Figure 9.Photos of the two environmental conditions (a)Higad visual surrounding
environment; (b) Low-load visual surrounding enmmzent. Details about the selection
and positioning of the pictures used in the higidl@isual environment were explained
in the General Method (Chapter 2) of this thesis.

4.3.3. Procedure

Following a within-subjects design, each adolesqmrformed two individual
sessions with an interval of 14-23 days (similadyRodrigues & Pandeirada, 2015).
Each session was led by the researcher and hagpaoxanate duration of 60 minutes.
Each session was conducted in an isolated rooraabf chool: one session occurred in
the high-load visual environment and the otherha tow-load visual environment.
Only the four cognitive tasks were submitted toehgironmental manipulation (Figure
9). The three computerized tasks (i.e., go/no-gojce reaction time and Corsi block-
tapping) were performed on a 14” laptop, wherelas Rey Complex Figure was
administered in its traditional paper-and-pencihiat. The remaining instruments were
administered in the same room but in an area wotexposure to the stands as we did
not intend this manipulation to potentially inflen their responses to these
instruments. Each adolescent performed the twomesat about the same period of the
day. The orders of the environmental condition aidthe cognitive tasks were
counterbalanced across participants (see Appendi®ther self-report questionnaires
were applied but they did not interfere with thevimnmental manipulation nor with
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the cognitive tasks; these are not addressed Ineza that they are not related to the

aim of this paper.

4.3.4. Data Analysis

Given that each participant performed the four dogntasks in the high-load
and in the low-load surrounding environments, wedupairedt-tests to examine the
environmental effect in each behavioral variablenitdfied above in the tasks’

description.

4.4. Results

Go/no-go. Adolescents performed better in the low-load tiarthe high-load
visual surrounding environment in two of the thxegiables of this task. Specifically,
participants had a significant higher percentageitsft(63) = 3.279p = .002,d = .521,
and lower percentage of false alarn{63) = 4.313p < .001,d = .604, when the task
was performed in the low-load as compared with high-load visual environment.
Regarding reaction times, no statistically sigmifit difference was obtainep € .331).

The descriptive values for all of these variables@esented in Table 3.

Choice reaction timeThe participants provided a significantly higherqamtage
of correct responses(63) = 3.348,p = .001,d = .584, and a significantly lower
percentage of error63) = 2.740p = .008,d = .389, when the task was performed in
the low-load visual surrounding environment thanhe high-load visual environment.
No significant differences were obtained for thacten times for correct responsgs (
=.742). See Table 3 for the descriptive valuethese variables.
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Table 3
Means (and SD’s) for the variables obtained in ttveo attentional tasks by

environmental condition.

High-load Low-load
environment environment
Go/no-go
Hits (%)** 93.16 (9.07) 96.77 (3.72)
False alarms (%)*** 20.48 (14.65) 12.87 (10.15)

Reaction times

(for hits;ms 333.08 (39.49) 337.61 (33.00)

Choice reaction time
Correct responses (%)** 83.95 (17.58) 91.69 (6.46)

Errors (%)** 7.99 (7.48) 5.48 (5.29)

Reaction times

(for correct responses)9 347.01 (34.23) 345.62 (33.84)

Notes:** p< .01; *** p < .001. Statistically significant effects are nobtedbold.

Corsi block-tapping.The high-load visual surrounding environment im@air
adolescents’ performance in the Corsi block-tappiagk as revealed by a lower
memory span obtained in this condition as compavigd the low-load environment
condition, t(63) = 3.717,p < .001,d = .486. The descriptive values are presented in
Table 4.

Rey Complex FigureThe results did not reveal significant differendetween
the performance obtained in the two environmenthddions in the immediate
memory, t(63) = 1.333,p = .187. In the copy administration (a requiremfmntthe
immediate recall), the results also revealed nasstally differences f = .248). In

Table 4, we present the descriptive values.
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Table 4

Means (and SD’s) for the variables obtained in themory tasks by environmental

condition.
High-load Low-load
environment environment

Corsi block-tapping

Memory span*** 5.06 (1.12) 5.56 (0.93)
Rey Complex Figure

Immediate recall 28.58 (3.22) 29.09 (3.45)

(Copy)' 32.88 (2.60) 33.07 (2.88)

Notes:*** p < .001;” The administration of this task was a requiremerthé immediate recall
task and is not of particular interest to our go8tatistically significant effect is noted in bold

4 5. Discussion

The present work aimed to study the effect of ghhvs. a low-load visual
surrounding environment in four visuo-spatial caigei tasks in a group of adolescents.
The tasks administered assessed inhibition, respaglection and working memory for
visuo-spatial information which are crucial skiils adolescents’ everyday activities
(e.g., Gabrieli & Norton, 2012; Green, Bunge, BasrChiongbian, Barrow, & Ferrer,
2017). This age group is positioned between chddhand adulthood and corresponds
to a period in which cognitive functions transrt an immature state to an adult-level
— peak of cognitive development (Luna, 2009). Asmentioned in the Introduction,
understanding how adolescents allocate their abteg decisive to comprehend their
cognitive development, and most importantly to adhaeir quotidian contexts (e.g.,
classrooms) in a way that maximizes their perforteamistraction is one of the topics
widely studied for these reasons, but the traditiggaradigms studying it have placed
targets and distractors in the same display, chematcally the computer screen
(Couperus, 2011; Spronk et al., 2012). The nowathis work was to use a procedure
that more closely mimics a real setting, similadythe procedure used by Fisher et al.
(in children; 2014) and by Rodrigues and Pandei{adalder adults: 2015; in children:
2016). To this end, a group of adolescents perfdrfoer cognitive tasks that used
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validated procedures and investigated the effe¢hefpresence of visual surrounding
distractors in their performance. This type of mdure more directly addresses
principles from the environment-behavior theorieich stress the role of the
surrounding environment in our behaviors (Barrétale 2015; Godwin et al., 2016).
However, little is known about the influence ofwa$ surrounding distractors in visuo-
spatial cognitive performance measured by specdignitive tasks (as highlighted by
Choi et al., 2014), particularly in adolescents. WW&ed a within-subject design and
counterbalanced the orders of the environmentadliions and of the cognitive tasks,
which also provides strength to our procedure. YWan tcompared performance (e.qg.,
percentage of correct responses, memory spanhebtarhen the tasks were conducted
in the high-load visual surrounding environmenthmhbat obtained when they were
carried out in the low-load visual surrounding eomiment (e.g., Rodrigues &
Pandeirada, 2015). Our results suggested that smboles (13-17 years old) are
susceptible to the influence of visual elements rwhigese are displayed in their
surrounding environment (our high-load visual sunding condition). Specifically, the
adolescents’ performance was impaired in five efefght® considered variables when
the tasks were conducted in the high-load compasgti the low-load visual
surrounding environment. The results were condistenthe two attentional tasks,
specifically in hits, correct responses, falserarand errors, whereas no effect was
found on the reaction times of the two tasks. Theirenmental effect was also
observed in one of the two memory tasks. Overabkehresults are in line with the
preliminary study of Rodrigues and Pandeirada (20da6which children aged 8-12
years performed worse in the high-load as compamgti the low-load visual
surrounding environment; interestingly, the adatess (our study) presented a better
performance in the two attentional tasks and inGbesi block-tapping when these were
conducted in the low-load visual environment, asthe study of Rodrigues and
Pandeirada (with children; 2016).

Our results can be justified by the fact that edoénts have not yet a full
maturation of their cognitive system, in particutdrthe top-down behavioral control
(Luna, 2009). Indeed, we are constantly immersed isurrounding environment

flooded by visual stimuli that tend to capture attention and guide our behaviors, but

1> Although we presented data related to copy adinatisn of the Rey Complex Figure, this
only constituted a prerequisite to the immediataltgorocedure, the variable of interest in this
work.
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we are unable to process all of these stimuli. &loee, one needs to select the inputs to
which to direct our attention according to the goat hand while, simultaneously,
inhibit the irrelevant information (Gilbert & Li,®.3). The bottom-up and the top-down
are two related processes that describe how sambeatid inhibition of environmental
information occurs (Bitan, Cheon, Lu, Burman, & Bad2009; Sobel, Gerrie, Poole, &
Kane, 2007). The first alerts us to salient stimmlour environment according to their
visual characteristics, whereas the top-down psiegsmodulates external signals
(bottom-up) according to our aims and expectatiohscoherent visual perceptual
experience depends of the bottom-up salience @tenulus-driven) and top-down
modulations (i.e., voluntary attention). In otheords, top-down processing underlies
our ability to control the focus of attention adgnore distractors (Gilbert & Li, 2013;
Sobel et al., 2007). The top-down modulation ofieseé¥e/impulsive responses is not yet
fully efficient in adolescence (Hwang, Velanova, l&ina, 2010) as the capacity to
voluntarily suppress irrelevant behaviours matuiresn childhood until adulthood.
Given that these processing continue in developnmeatolescents (Burggraaf et al.,
2017), we can speculate that in this paradigmdluestely mimics a naturalistic context,
participants faced a response-competition situaflavie, 2010) between the visuo-
spatial stimuli of the tasks and those of the surding environment. Additionally,
according to the principle of “biased competitiasf’Hunt and Einstein (1981), when
people face several inputs they should attend doirttportant ones (in our study, the
tasks) while ignoring irrelevant information (in rostudy, the visual surrounding
elements). Given that adolescents still have tbegnitive system in maturation, their
capacity to ignore distractors can be unripe (Speiral., 2012).

It is interesting to note that our results havsirailar pattern as those typically
found in traditional paradigms where targets argtractors are shown in the same
display (e.g., on the computer screen; Spronk.e2@l2). Importantly, our procedure
adds more ecological validity providing resultstth@ore likely reflect what can occur
in real settings. However, more empirical evidemseneeded with the procedure,
specifically with other age groups, other formseoivironmental manipulations, and
other tasks.

This study presents an alternative experimentaaggm to study distraction in
adolescents. It joins the few studies that haveealed an effect of the surrounding
environment in basic (e.g., simple reaction timedfyues & Pandeirada, 2015), as

well as in more elaborate processes (learning pé&iisber et al., 2014). In their daily
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activities, adolescents face many situations theelyl share some of these
characteristics, such as their lessons in classsamntaining a high visual load (e.g.,
posters, maps, and so on). These initial resultouaattention to the potential impact
that the environmental characteristics can havesame cognitive processes in
adolescents. This is an important issue to conside¥search contexts (e.g., we should
pay attention to the environment in which data exlbn takes place), but also in
applied settings (e.g., in classrooms). Our ressiiggest that in all cases a visually
loaded surrounding environment will impact attenéib allocation abilities of

adolescents.
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CHAPTER 5.

More trouble than good? The influence of the visuasurrounding
environment in older adults and young adults' cogrtive

performance



The work presented in this chapter is in preparation for submission to an international

peer-reviewed journal as a short report:

Rodrigues, P. F. S., & Pandeirada, J. N. S. (ipgmaion for submission). More trouble than
good? The influence of the visual surrounding estvinent in older adults and young adults'

cognitive performance.

[Some wording adjustments were made in the forrorabere presented as some of the information
presented in the Manuscript would be redundant wifbrmation provided in previous chapters; for
example, the submitted paper includes several suppital materials related to the Method which has
been described in detail in the General Method p&ha2). The Reference list of the Manuscript hesrb

integrated in the final Reference list of this ibgs

Some of the work presented in this chapter has beepublicly presented at scientific

meetings:

Rodrigues, P. F. S., & Pandeirada, J. N. S. (20%#@ying focused! Cognitive performance
impaired by the environment in elderly but not Buyg adults.Poster presented at the™2
National Meeting of the Portuguese Association gpdtimental Psychology, University of

Porto, Portugal.

Rodrigues, P. F. S., & Pandeirada, J. N. S. (20Q0&feito de elementos visuais do ambiente
circundante no desempenho cognitivo de idosos enadultos [The effect of surrounding
visual elements in cognitive performance of oldedulss and young adults].Oral
communication presented at the Cycle of Conferekbieter Investigation: Psychology@UA,

University of Aveiro, Portugal.

Rodrigues, P. F. S., & Pandeirada, J. N. S. (202&i). the surrounding environment influence
cognitive performance? A study with eldefoster presented at th® Rlational Congress of
Psychology Conversations & thé' International Conference of Active Ageing, Univgrsof

Coimbra, Portugal.

Rodrigues, P. F. S., & Pandeirada, J. N. S. (2008)en too much leads to less: A richer
environment leading to poorer cognitive performamcehe elderly.Poster presented at the

Research Day, University of Aveiro, Portugal.
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Rodrigues, P. F. S., & Pandeirada, J. N. S. (2@8fnulation in elderly is desirable, but not
always: The effect of the surrounding environmentagnition. Poster presented at the™0

National Meeting of the Portuguese Associationxgiétimental Psychology, Faro, Portugal.

Rodrigues, P. F. S., & Pandeirada, J. N. S. (200%9.influence of environmental distractors in
attentional and memory visuospatial taskRester presented at the International Convention of

Psychological Science, Amsterdam, The Netherlands.

Rodrigues, P. F. S., & Pandeirada, J. N. S. (2024(feito de ambientes distrativos em tarefas
atencionais e de memoéria de trabalho: Um estudo @dosos [The effect of distracting
environments in attentional and working memory sask study with older adults]Poster
presented at the IX Iberoamerican Congress of Rsygh and 2 Congress of the Order of

Portuguese Psychologists, Lisboa, Portugal.
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5.1. Abstract

Objectives: Research has revealed that cognitive performancédef adults is
impaired in tasks where distractors are embeddetiensame display as the targets.
Using a paradigm that more closely resembles oeryelay experiences, we explored if
this same effect would occur when distractors aresgnted in the surrounding
environment both in older and in young adults.

Method: 64 older adults and 64 young adults performed faguo-spatial
cognitive tasks (go/no-go, choice reaction timersCblock-tapping, and Rey Complex
Figure) in two distinct environmental conditiongght vs. low-load visual surrounding
environment.

Results: Overall, the older adults performed worse than Voeeing-adults
confirming expected age-related differences on itivgnperformance. Performance of
the older adults, but not of the young adults, wasaired when tasks were completed
in the high-load as compared to the low-load visuafounding environment.

Discussion: Our results suggest that the older adults havecdiffes ignoring
irrelevant information not only when targets ansdtidictors are in the same display (as
revealed by the typical procedure), but also whessé are present in the surrounding

environment. Potential applications of this morelegical paradigm are presented.

Keywords: Visual surrounding environment; High-load enviremty Low-load

environment; Visuo-spatial cognitive tasks; Ageatet! differences.
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5.2. Introduction

The study of distraction caused by visual elemé&mds are irrelevant to the task-
at-hand is frequent in different age groups (eyguynger and older adults; Wais &
Gazzaley, 2014). In these studies, targets andadists are usually presented in the
same display (e.g., the computer screen; Laviep2Wais & Gazzaley, 2014). For
example, in the studies conducted by Lavie (20@B,02, a target letter had to be
detected among distractor letters while both wemsgnted on a computer screen.
Although this type of studies is crucial in cogwéipsychology, in our everyday life
most distractors exist in our surrounding environmélowever, research has not yet
systematically explored their potential distractieffiect in simple cognitive domains
(Choi et al., 2014).

The influence of several environmental aspects,(spmace color, lightning) has
been investigated in behavioral and/or emotionahaias (Barrett et al., 2015; Devlin
& Andrade, 2017; Gifford, 2007), but little is knawabout their impact on cognitive
processes. Fisher et al. (2014) provided an exaepth a study showing that a
decorated classroom (containing typical posters dravings) impaired children’s
learning as compared with a non-decorated classrd®odrigues and Pandeirada
(2015) presented an initial study in which oldeul&sl performed cognitive tasks (e.g.,
simple reaction time; digit span) in two differesgttings: one containing potentially
visual distracting elements in wall participantsrevéacing while performing the tasks
(e.g., posters and paintings), and another whergethvere absent. Overall, the older
adults performed better in the distractors-absentition, particularly in the attentional
tasks (visual tasks).

The present cross-sectional study aimed to furtherstigate how the presence of
visual elements in the surrounding environmentn@si new manipulation procedure)
influences performance on a different group of dbgm tasks. Furthermore, this was
done with both older adults and young adults. Bseathe older adults seem to
experience difficulties in ignoring visual distracd (Campbell, Grady, Ng, & Hasher,
2012; Craik & Bialystok, 2006), we predicted thegudd perform worse in the visually-
loaded environment. No such effect was expectetienyoung adults given that their
cognitive performance is at peak levels (Craik &algstok, 2006). Each person
participated in two sessions in which they perfatiméasuo-spatial attention and
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memory tasks. Importantly, one occurred in a higid the other in a low-load visual

surrounding environment.

5.3. Method
5.3.1. Participants

Our sample included 128 participants: 64 older tsdabed 65-94 years (40
female; Mage= 79.75,SD = 8.06), and 64 young adults aged 18-29 years édtale;
Mage= 21.53,SD = 3.21). All participants in the final sample wearegnitively healthy
(see exclusion criterion in the General Method ho$ thesis). The older adults were
recruited from local daycare centers (in these erentindividuals have a relatively
independent lifestyle). The young adults were néedufrom the academic and local
communities. Participants were offered a romanak lbor their participation. Informed

consent was obtained before participation and @paints were debriefed at the end.

5.3.2. Materials

Sociodemographic QuestionnaireThe former included sociodemographic

questions, such as age, sex and health condition.

Cognitive tasks.Participants performed two computerized attentiotesks
controlled by E-Prime 2.0 (Schneider et al., 2002).

In the go/no-go task two different letters were randomly presented om th
computer screenX or K (similarly to Steele et al., 2013; Steele et &014).
Participants were instructed to respond as quiakly correctly as possible by selecting
the “white” key on the keyboard when tiewas presentedy¢ stimulus; occurred in
66% of the trials), and not to respond when khavas presentedn@-go stimulus;
occurred in 34% of the trials). They responded46 éxperimental trials (+ 12 practice
trials). Trials began with a fixation cross (500)nfgllowed by the letter (maximum
period of 600 ms) and one of four variable inteattinterval (500, 1000, 1500 or 2000
ms). When participants pressed the “white” keybolkeg to go stimuli, hits were
recorded. False alarms occurred when participamsspd this key in response to the
presentation of theo-gostimuli. Reaction times refer to the time occugrlretween the

go stimuli presentation and the participant’s response
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In the choice reaction time taske.g., Kawashima et al., 1996; Woods et al.,
2015), a green or a red rectangle was randomlyepted on the computer screen for a
maximum of 600 ms; each stimulus was preceded fimgdixation cross (500 ms) and
followed by one of four randomly picked inter-triatervals (1000, 1500, 2000 or 2500
ms). A total of 140 experimental trials was presdnt+ 12 practice trials). Participants
were instructed to respond as quickly and correaslyossible to each presented color
by selecting the key on the keyboard marked with ¢brresponding color. This task
generated correct responses when the correspokding/as selected and errors when
the opposite occurred. Response times correspaondie time occurring between the
stimuli presentation and the participant’s corresponse.

Two memory tasks were also implemented. In t@Gersi block-tapping
(computerized version: Mueller, 2012), nine blueizsgs were presented on a white
screen background. In each trial, a given numbesqofares lit up, one per second,
producing a specific sequence. Participants westuated to reproduce the sequence
by selecting each of the lit up squares accordintheéir presentation orderferward
span The extension of the sequence increased as skeptagressed. The considered
variable was the Corsi span. Toepy andimmediate recaladministrations of th&®ey
Complex Figure(paper-and-pencil format; Rey, 198&kre also used. In the first,
participants were instructed to copy tRey Figurewhile seeing the figure-stimuli. In
theimmediate recall3 minutes after finishing the copy, participarggroduced th&®ey
Figure in the absence of the figure-stimuli. Both adninaitons were performed
without time limit. Performance is scored accordingspecific rules (Rey, 1988). See
General Method of this thesis (Chapter 2) for nawtails of all tasks.

Environmental conditionsTwo environmental conditions created by the awghor
were used. The high-load visual surrounding cooditonsisted of a stand containing
several visual elements, whereas the low-load Visoadition consisted of the same
stand without any visual elements (see Figure [tOhoth cases, the stand was placed
on the table where the participant would be perfogthe tasks producing a controlled
surrounding environment. Materials used in the Hagld visual environment were
selected from a pilot-study described in detailhe General Method (Chapter 2 of this

thesis).
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Figure 10.lllustration of the environment conditions. (a)vztoad visual surrounding

environment used in both age-groups; (b) High-lgadial surrounding environment
used with the older adults; (c) High-load visualrsunding environment used with the
young adults. Details about the selection and jwsitg of the images are provided in
Chapter 2 of this thesis.

5.3.3. Procedure

Each participant performed two sessions, one i esvironmental condition,
with an interval of 14-23 days. Sessions alwaysuoed in an isolated room and at
about the same time of the day for each participeime order of the environment and of
the cognitive tasks were counterbalanced acrosgipants within each age group (see

Appendix 5).

5.3.4. Statistical analyses

The influence of the surrounding environment (highdow-load; within-subjects
factor) and of age-group (older aduis young adults; between-subjects factor) on the
dependent measures described above were analyrggdmsed analysis of variance
(ANOVASs). For the dependent variables describedvabm each task. Additional
paired t-tests were performed within each age group toifglanteractions when
necessary. Given that the older adults performedsevdhan young adults in all
measures, we refrain to describe this result imyegase. For all statistical analyses, an

alpha level of .05 was considered.

5.4. Results

The descriptive values of all dependent variables @esented in Tables 5-7

along with the main statistical results; thesedmtiled next.
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5.4.1. Attentional tasks

Go/no-go.For the hits, the main effects of environment ahége group were
significant as well as the interaction between thiéra older adults had fewer hits when
responding in the high-load environment than inltve-load environment. Regarding
the false alarms, only the main effect of age gneap significant. All effects were also
significant for the reaction times to the hits: tiider adults were faster to provide their
responses when the task was performed in the lad-mvironment. Further pairéd
tests revealed that all significant interactiongevdue to a significant effect of the

environment in the older adults but not in the ypadults (see Table 5).

Choice reaction timeThe repeated measures ANOVA on the percentage of
correct responses and errors revealed a significenh effect of age group (young
adults obtained more correct responses and fewersethan older adults), but also
significant interactions in the two cases. Follogvpairedt-tests revealed a significant
effect of the environment for the last variablesr(ect responses and errors) in the older
adults. The older adults performed worse in thehtogd environment (with fewer
correct responses and more errors). A marginattetiethe environment in response
times reflects the tendency for longer responsedim the high-load as compared to the
low-load environment. The interaction in this vat&awas non-significant (see Table
6).

5.4.2. Memory tasks

Corsi block-tappingSignificant main effects of the environment, ageugr and
interaction were found on the Corsi span, with dlder adults performing worse than
the young adults, and a damaging significant eféét¢he high-load visual environment

obtained only for the older adults (see Table 7).

Rey Complex FigureYoung adults’ copy and immediate memory were
significantly better than that of the older adulisf the main effect of the environment

and the interaction were not significant (see Table

'® The copy procedure was applied as a requiremehetonmediate recall (our central variable
which is related to visuo-spatial working memoiyje present data to the copy procedure, but
this is a secondary variable.
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Table 5
Means (and SD’s) obtained for the hits, false algrmnd reaction times for the hits in young andeolddults, and in each environmental

condition, for the go/no-go task. The statistioasults of the mixed ANOVA (main effect of enviraind age group and interaction between

them) are also presented in the Table.

High-load Low-load
environment environment
Older Young Older Young
adults adults adults adults
1 . = = 2 =
Hits (96) 6116 98.14  70.67*  98.61 Environment: - F(1,126) = 9.61p = .002.7, = .07
Its (0o Age group: F(1,126) = 136.62p < .001,/7,=.520
(25.70)  (5.41) (24.81)  (3.65) . L
Interaction:  F(1,126) = 7.89p = .006,/,’=.059
Envi t: =1. =. 2=
10.47 7 05 947 6.38 nvironment:  F(1,126) = 1.89p =.172,7," = .015
False alarms (%) 9.14 5 06 9.66 & 47 Age group: F(1,126) = 7.33p = .008,7,° = .055
(9-14) (5.06) (9.66) (5.47) Interaction:  F(1,126) = .076p = .784,/7,2 = .001
Envi t F(1,126) = 9.56p = .002,77,° = .071
o 447.05% 34603  417.97* 346.33 nvronment: - F(1,126) = 9.56p = 002,75
Reaction times (ms) 63.43 2824 4.3 29.47 Age group: F(1,126) = 113.02p < .001,77,” = .473
(63.43)  (28.24) (74.32)  (29.47) Interaction:  F(1,126) = 9.96p = .002,77,2 = .073

Notes:** pairedt-test withp < .01; statistically significant effects are notedold.
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Table 6
Means (and SD’s) obtained for the correct responeasrs, and reaction times for the correct respes in young and older adults, and in each
environmental condition, for the choice reactiaméi task. The statistical results of the mixed AN@Q¥&in effect of environment, of age group

and interaction between them) are also presentedernable.

High-load Low-load
environment environment
Older Young Older  Young
adults adults adults  adults
: . — 2 _
Correct 47 34w 94 05 60.06%* 94.15 Environment: F(1,126) = 12.81p < .001,73,° = .092
Age group: F(1,126) = 226.99 < .001,/7p2 =.643
responses (%) (23.49) (6.94) (25.61) (8.64) | - ~ ~ )
nteraction: F(1,126) = 12.42p = .001,77," = .090
: . — — 2 _
_ o 6.93* 73 5 70* 297 Environment; £1,126) = 2.37p = .126,/72 =.018
rrors (Yo Age group: F(1,126) = 24.15p < .001,," = .161
(6.15) (2:19) (5.29) (2:52) Interaction: F(1,126) = 5.13p = .025 pz—
: , =5.13p=. M- =.039
: . — — 2 _
Reaction fimes to 439.16 359.79 499.02 354.45 Environment: K1,126) = 3.33p = .070,77," = .026
Age group: F(1,126) = 120.43p < .001,/7p2 = .489

correct responses (ms) (65.77) (30.07) (48.39) (32.02) Interaction: F(1,126) = 320p= 572,72 = 003
. y - - . Ip — -

Notes:* pairedt-test withp < .05; *** pairedt-test withp < .001; statistically significant effects are notedbold.
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Table 7
Means (and SD’s) obtained for the memory tasks giCoblock-tapping and Rey Complex Figure) in youmgl alder adults, and in each
environmental condition. The statistical resultsteg mixed ANOVA (main effect of environment, ef g@up, and interaction between them)

are also presented in the Table.

High-load Low-load
environment environment
Older Young Older Young
adults adults adults adults
Corsi b|OCk-tapping 3.86*** 558 4.56%+* 5.56 EnVironm?nt F(1.126) i 20.29p < '001’%22 '_139
I nteraction: F(1,126) = 22.20p < .001,/7p2 =.150
Rey Complex Figure 55 20 34 43 26.66 34.66 Environment:  F(1,126) = 2.79p = 097,77, = .022
Copy (5.56) (1.84) (5.19) (1.16) Age group: F(1,126) = 142.09 < .001,/7p2 =.530
Interaction: F(1,126) = .143p = .705,77,°= .001
Immedi I 1835 29.30 10.06  29.02 Environment: - F(1,126) = 27p = 606,7"= 002
mmeadiate reca . . . .
(5.80) (5.25) (5.61) (5.80) Age group: F(1,126) = 134.24p < .001,/7p2 =.516
Interaction: F(1,126) = 1.42p = .235,77,°= .011

Notes:*** pairedt-test withp < .001; statistically significant effects are notedbold.
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5.5. Discussion

Our work explored if the presence of visual eleraentthe external environment
would affect cognitive performance in older and wyguadults. Although visual
distraction has been widely studied in differen¢ @goups using a variety of tasks (e.qg.,
Lavie, 2010; Wais & Gazzaley, 2014), little is knowbout what happens when these
distractors occur in the surrounding environmerding a procedure that more closely
mimics the conditions faced in our everyday liveten tasks were performed in the
high-load visual surrounding environment, the olddults performed worse in both
attention tasks and in one of the memory taskscifgaly, a significant effect of the
environment was obtained for the older adults ur fof the six considered variables of
the attention tasks, and in one of the two memaskd. In the remaining variables
across tasks, a trend for worse performance inhtgk-load environment was also
found in this age group. The results regardingatitentional performance are consistent
with those reported by Rodrigues and Pandeiradd5)2@ith older adults and with the
notion that this age group has difficulty ignorimnglevant information (Campbell et al.,
2012). No effect of the environment was obtainedh® Rey Complex Figure which
could be related to the form of responding to thsk. Being a paper-and-pencil task,
attention is directed to a visual field that isslexposed to our distracting panel which is
displayed in front of the participant. Thus, itpsssible that participants were more
capable of maintaining their focus on the task laadess influenced by the surrounding
environment. In agreement with the notion that ywpadults’ cognitive abilities are at
their best (Craik & Bialystok, 2006), including tleapacity to unattend to distractors,
their performance was not influenced by our marmipoih of the environment.

Besides investigating the effect of the environnm@antognitive performance, our
study confirmed developmental differences betwdsn tivo age groups: the older
adults performed worse than the young adults intesks (e.g., Craik & Bialystok,
2006; Sander et al., 2012).

Our results suggest that dealing with a visualth rexternal environment can be
particularly challenging for older adults even whmgrforming very simple tasks that
require their attention and memory. This study goihe few studies that have shown
that the surrounding environment affects basic.,(esgnple reaction time in older
adults: Rodrigues & Pandeirada, 2015), as well asenelaborate processes (learning

gains in children: Fisher et al., 2014). Everydalger adults face many situations that
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likely share some of these characteristics suchirasng in a road surrounded by
advertising posters or having to remember the semueith which they need to take
their medication. Understanding how the externalirenment affects the bricks that

together build more complex processes is essdntialp more vulnerable populations
thrive in their daily lives.
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CHAPTER 6.

Integration of the data from all

four age groups



6.1. Brief Introduction

The main goals of this chapter were twofold. Thstfwas to explore if the
predicted cognitive performance across age groepstdd in the introductory chapter
of this thesis — the inverted U-shaped curve — rgpficated in our samples and in the
specific tasks we used. The second goal was teipresdevelopmental analysis of the
influence of the environmental manipulation (higlad visual surrounding environment
vs. low-load visual surrounding environment) in attenal and memory tasks used in
this project by comparing such influence acrossgrgaps. Given that the different age
groups have typically different capacities to ignarelevant information as described
in the introductory chapter, we expected that theirenmental manipulation would
affect the performance of the four groups in aedéht manner (Craik & Bialystok,
2006; Hommel et al., 2004; Lavie, 2005; McAvinueakt 2012; Peverill, McLaughlin,
Finn, & Sheridan, 2016). Specifically, we anticigghtthat children and older adults
would be the two groups most affected by the hagddlvisual environment followed by
adolescents. We also anticipated that the youndtsacu group in the peak of their
cognitive capacities and with a good ability toogn irrelevant information, would be
the group least affected by the environmental mdatmpn (Craik & Bialystok, 2006).

To fulfill our goals, we integrated the resultsrfrahe four age groups: children,
adolescents, young adults, and older adults, andumed mixed ANOVAS in which
the environmental condition was entered as a whinject variable, whereas the age
group constituted a between-subjects variable. Bdwferroni adjustment for multiple
comparisons was used. The results are presentecedohn task considering the
dependent variables described in the previous emragtor each variable, these data are
also presented graphically by age group and peilr@maental condition. The
corresponding descriptive values are also sumnuatizéAppendix 6 for easiness for
comparison, and presented in more detail in Chgj@&r in which we provided specific

analysis for each age group.
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6.2. Attentional tasks

6.2.1. Go/no-go

Percentage of hitsA mixed ANOVA revealed significant main effects tife
environment,F(1, 252) = 26.68p < .001,;1|o2 = .10, and of age grou(3, 252) =
81.43, p < .001, ;7,,2 = 492, as well as a significant Environment x Ageup
interaction, F(3, 252) = 4.27p = .006,;7,,2 = .048 (see Figure 11 for a graphical
illustration). To clarify the main effect of ageomp, multiple comparisons were
conducted. These revealed that the percentagetsoflifiered significantly among all
age groups (highest = .007, for the comparison between children anolestents),
with the exception of the difference between thelegtents and the young aduls<
.826). The results reflect the following patterhe tyoung adults obtained the best
performance, followed by the adolescents and therHhildren. Performance by the
older adults was significantly lower than all otlagie groups. Underlying the significant
interaction is a significant effect of the enviroamh in all age groups with the exception
of the young adults (see Chapters 3-5 for the §pexe group analysis).

g high-load i |OW-l0ad
----- Polinomial (high-load) ----- Polinomial (low-load)

100
95
90
85
80
75
70
65
60

55 T T T 1
Children Adolescents Young adults  Older adults

Percentage of hits

Figure 11.Percentage of hits in the go/no-go task by agepend by environmental
condition. The dashed lines correspond to polynbrmendlines (order 3) for each
condition and age group.

False alarmsRegarding the false alarms, a similar pattern sidilte was obtained

by the mixed ANOVA: significant main effects of teavironmentf(1, 252) = 8.50p
= .004,5,° = .033, and of age group(3, 252) = 63.17p < .001,," = .429, along with
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a significant interaction between thef(3, 252) = 5.53p = .001,77|D2 = .062. The
multiple comparisons revealed significant differeniof the false alarms among all age
groups (highesp = .002, for the comparison between adolescentoltat adults); an
exception was the lack of a significant differeramween the young adults and the
older adults § = .446). These results indicate that the childregroup provided the
highest percentage of false alarms, followed byatth@escents, and then by older adults
and young adults; these last two groups obtainedaivest percentage of false alarms,
with a non-significant difference between them. eiging the significant Environment
X Age-group interaction is the strong significariteet of the environment in the
adolescents, and the absence of such effect areth&ning age groups. See Figure 12
for a presentation of the data from all age groups.
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Figure 12. Percentage of false alarms in the go/no-go taskadpy group and by
environmental condition. The dashed lines corredponpolynomial trendlines (order

3) for each condition and age group.

Reaction timesSignificant main effects of the environmeR(l, 252) = 5.11p =
.025,5,> = .020 and of age grougk(3, 252) = 72.96p < .001,5,° = .465, were also
obtained for the reaction times for hits of thengego task. The interaction between the
two was also significantF(3, 252) = 7.46,p < .001, npz = .082. The multiple
comparisons among all age groups showed signifdiffierences in almost all casgss(
< .001), with the exception of the difference betwé®e young adults and adolescents
which was not significanfp(= .809). The older adults were the slowest to i®wheir

hits, followed by children. The young adults ané tidolescents were the fastest to
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respond correctly in this task (with the shortessdction times), with non-significant
differences between them. Underlying the significateraction is a significant effect
of the environment in the reaction times of theeolddults. In the remaining groups,
non-significant effects of the environment wererfdusee Chapters 3-5 for specific
analysis). See Figure 13 for a graphical repretientaf the reaction times by age

group and by environment.
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Figure 13. Reaction times (ms) for hits in the go/no-go téskage group and by
environmental condition. The dashed lines corredponpolynomial trendlines (order

3) for each condition and age group.

Summary of the go/no-go resuke found the expected inverted U-shaped curve
in the percentage of hits, i.e., the older adufid #¢he children obtained the worst
performance, whereas the adolescents and the y@auifs obtained the best
achievement. Additionally, the high-load environmiead a detrimental effect on hits in
all age groups, with the exception of the youngltadd his was an expected result
because the last group is in the peak of their itwgncapacities with a good ability to
filter the irrelevant information (i.e., the visualements presented in the surrounding
environment).

The adolescents and the young adults were thestaparticipants to respond
correctly to thego stimuli. On the other hand, the adolescents predunore false
alarms than the young adults and even the olddtsaddf note is also the fact that the
adolescents were the only age group where we auatai significant effect of the

environment on the false alarms. The older aduitained a low percentage of hits and

99



a low percentage of false alarms (although youngdtadhad descriptively fewer false

alarms). Given that these corresponded to actigporeses, we can speculate if any
motor difficulties that are typical in older aduttsuld have impaired their performance
in this task (for a review see: Krampe, 2002; S=idit al., 2010). Nevertheless, an

effect of the environment was obtained for the tieadimes only in this group.

6.2.2. Choice reaction time

Percentage of correct respons@he mixed ANOVA revealed significant main
effects of the environmenfg(1, 252) = 29.99p < .OOl,;yp2 = .106, and of age group,
F(3, 252) = 107.90p < .001,;7p2 = .562, as well as a significant Environment x Age-
group interactionF(3, 252) = 5.01p = .002,;7|02 = .056. The multiple comparisons
revealed that the difference between the adolescantl young adults was not
significant p = .061), even though it was in the predicted dioec(the young adults
obtained a higher percentage of correct responsdispther differences among age
groups were statistically significamg< .001), reflecting a lower performance by the
older adults, followed by that of the children ahén by the adolescents and young
adults. This pattern is illustrated in Figure 14ddrlying the significant interaction
are significant effects of the environmental coieditin all age groups, with the
exception of the young adults, as detailed in Girg®2-5.
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Figure 14.Percentage of correct responses in the choicéioraditne task by age group
and by environmental condition. The dashed lingsespond to polynomial trendlines

(order 3) for each condition and age group.
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Errors. Regarding the percentage of incorrect responges,ntixed ANOVA
revealed a significant main effect of age grdef3, 252) = 32.62p < .001,;7|O2 = .280,
and a significant Environment x Age-group interaicti~(3, 252) = 5.73p = .001,;7,)2 =
.064. The main effect of the environment was ngaificant, F(1,252) = 1.70p = .193,
npz = .007. The multiple comparisons among age groupsltegs in significant
differences among all age groups (highest .001, for the comparison between young
adults and older adults), but the difference behwbe adolescents and older adufts (
> .99) was not reliable. These results also desdhbeexpected U-shape curve: the
highest point was obtained in the children’s grdeppwed by the older adults and the
adolescents (which did not differ significantly ween them), and finally by the young
adults (see Figure 15). Underlying the interactiare significant effects of the
environment only in the adolescents and older adgibups (see Chapters 4 and 5,

respectively).
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Figure 15.Percentage of errors in the choice reaction tins& tay age group and by
environmental condition. The dashed lines corredponpolynomial trendlines (order

3) for each condition and age group.

Reaction timesRegarding the reaction times to correct responge) main
effects were significant in the mixed ANOVK(1, 252) = 7.76p = .006,;7p2 = .030,
for the environment, anB(3, 252) = 63.34p < .001,;7p2 = .430, for age group. The
interaction was non-significant for this variabif€3, 252) = 1.03p = .378,;1p2 =.012.

Significant differences were found between the olthilts and the remaining three age

101



groups p < .001), and between the children and the adoléscen= .003). The
remaining multiple comparisons revealed non-sigaiit differences (lowegt = .275
for the comparison between children and young aflukn inspection of Figure 16,
which presents the developmental perspective aetldata, reveal that the older adults
were the ones taking the longest to provide comesponses, followed by the children
and then by the young adults and the adolescents.
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Figure 16 Reaction times for correct responses in the eéhmaction time task by age
group and by environmental condition. The dashedslicorrespond to polynomial

trendlines (order 3) for each condition and ageigro

Summary of the choice reaction time resutisconclusion, in the choice reaction
time task, we also found the expected inverted &pet curve for the percentage of
correct responses and significant differences amah@ge groups in the predicted
direction; the difference between the adolescentsyeung adults was close to being
significant. Moreover, the effect of the environrh&ras obtained for all groups, with
the exception of the young adults as expected. ihkiested U-shaped curve is reflected
in the trend U-shaped curve for the errors andti@at¢imes; however, an unexpected
result was obtained for the adolescents in the tlaet variables: they committed a
similar percentage of errors, but were faster twvigle their correct responses than the
older adults. Similarly to the go/no-go task, tpeed of the adolescents to provide their
responses seems to have impaired their performémecause they provided a similar

average percentage of errors than the older adlit®ugh an effect of the environment

102



was verified for both groups. The effect of the iemvment in reaction times was only

found for the children.

6.3. Memory tasks

6.3.1. Corsi block-tapping

For the memory span obtained in the Corsi-blockitaptask, the main effects of
the environment, and of age group were statisyicadjnificant,F(1, 252) = 41.276p <
.001,7,°= .141, and~(3, 252) = 42.19p < .001,,°= .334, respectively. Additionally,
we found a statistically significant EnvironmentAge-group interactionf(3, 252) =
6.77,p < .OOl,anZ .075. Underlying this interaction are significarffeets of the
environment in the performance of all age groupth \the exception of the young
adults (see Chapters 3-5). The children and thercaddults performed significantly
worse than the adolescents and the young adqudts (001). Neither the former nor the
later differed between each other (lowest .091, for the comparison between the
children and the older adults). For a graphicaisiilation of the Corsi block-tapping
(memory span) results, see Figure 17.
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Figure 17.Corsi block-tapping (memory span) by age group bBpdenvironmental
condition. The dashed lines correspond to polynbimendlines (order 3) for each

condition and age group.
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Summary of the Corsi block-tapping resuks mentioned in the introductory
chapter, the Corsi block-tapping task is sensitiveapture developmental differences.
Our results revealed the predicted inverted U-sthapave. The older adults and the
children obtained the worst performance, followadthe adolescents and the young
adults. Even thought we could have expected anraage of the young adults over the
adolescents, their performance did not differ digantly. With exception of the young

adults, the high-load environment affected perfaroeain the remaining age groups.

6.3.2. Rey Complex Figure

Regarding this task, we present two variables: @pymemory (3 minutes after)
scores. For theopy, the main effects of the environmeR{1, 252) = 5.03p = .026,
np>=.020, and of age group(3, 252) = 59.16p < .001,,” = .413, were statistically
significant. The interaction Environment x Age-goowas non-significant for this
variable, F(3, 252) < 1. The multiple comparisons among ageupgs revealed
significant differences among thems(< .001), with the exception of the comparison
between children and adolescemis=(.657) and between adolescents and young adults
(p = .093); the older participants performed sigmifity worse than all other age
groups. Figure 18 presents graphically the mearesadf this variable by age group and

by environment.
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Figure 18.Scores of the Rey Complex Figure — Copy (in poibishge group and by
environmental condition. The dashed lines corredponpolynomial trendlines (order

3) for each condition and age group.
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For theimmediate memory recallhe main effects of the environment and of age
group were statistically significarfe(1, 252) = 6.93p = .009,;7p2: .027, and~(3, 252)
=71.21,p< .001,%2 = .459, respectively, as well as the EnvironmentgeAyroup
interaction,F(3, 252) = 2.86p = .037,77|D2 =.033. With the exception of the comparison
between the adolescents and the young adplts (99), all multiple comparisons
showed significant differences among the perforreasicall age groupsp(< .001 for
all comparisons). The older adults were the onéls thie lowest performance, followed
by the children and then by the adolescents andytiumg adults. Underlying the
interaction is a significant effect of the enviromm in children’s performance (see
Chapter 3), and the lack of a significant effecttfee remaining groups (see Chapters 4-
5). The immediate memory scores obtained by agepgand by environment are

presented in Figure 19.
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Figure 19.Scores of the Rey Complex Figure — Immediate R€oalpoints) by age
group and by environmental condition. The dashedslicorrespond to polynomial

trendlines (order 3) for each condition and ageigro

Summary of the Rey Complex Figure resuRegarding the copy performance,
considering participants were simply making a copthe drawing while this was being
presented, we expected to obtain no differencesdagt age groups. However, children
performed worse than the young adults and no eéiffee was obtained between the
later and adolescents who, in turn did not diffgngicantly from children. This pattern
of results might be related to an increased ataentd details in the drawing which
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affect the final score. As for the older adults,ondbtained the lowest performance, as
noted before, physical difficulties with fine motmovements could underlie this result.
While the difference in copy scores was not sigaiit between the children and the
adolescents, in the immediate recall a signifiagifference was found between them.
The older adults presented the lowest performanckoth variables; again, we can
speculate about their typical problems in fine mofosimilar inverted U-shaped curve
was also obtained in the immediate recall but ndwlden’'s performance was
significantly worse than that of the adolescentd goung adults whose performance
did not differ. For this task, an effect of the gaament was found only in the
immediate recall provided for the children, whialderlie the significant Environment

x Age-group interaction.

6.4. Concluding remarks

The first aim of this Chapter was to explore i ttognitive performance across
the four age groups represented an inverted U-shapwe (Craik & Bialystok, 2006),
when depicting good performance such as corregoreses (or the U-shaped curve,
when referring to worse performance such as error)ther words, we expected that
the children and the older adults would obtainltveest performance, followed by the
adolescents, whereas the young adults should rebealbest performance. In all
variables of the four cognitive tasks, we founchgigant main effects of age group. In
the attentional tasks, the young adults providedost performance, with the exception
of the reaction times to hits (go/no-go) and torectr responses (choice reaction time),
and the lowest percentage of false alarms (go/nocagd of errors (choice reaction
time), although some differences were not statifiticsignificant. In both attentional
tasks, the adolescents were faster. The childrdritenolder adults presented the lowest
performance in all variables as revealed by lowercgntage of hits and of correct
responses, and slower response times to corrguingss. Interestingly, the percentage
of false alarms and of errors was larger in childitgan in the older adults, whereas the
last group was the slowest to respond correctlyath attentional tasks. Regarding the
adolescents, we expected that they would constintatermediate group, that is, with
better performance than children and the oldertadut with worse performance than
young adults; this result was obtained in the (gtgno-go), and in the correct responses

(choice reaction time task). However, they alsovjgied a higher percentage of errors
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and of false alarms than the older adults, and V¥aster than the young adults, although
the differences were not significant between tha@estents and the young adults in the
reaction times.

Regarding the memory tasks, we also found the a&geinverted U-shaped
curve, in which the young adults and the adolescebtained the best performance,
followed by the children and then the older ad(ftagulayan et al., 2006; Simdes et al.,
2011; Yamashita, 2015). As mentioned above, thee$dbvperformance of the older
adults in the Rey Complex Figure (copy and immedracall) and in the Corsi-block
tapping was expectable given that they constitntage group in cognitive deterioration
(Craik & Bialystok, 2006; Wais & Gazzaley, 2014).

A statistically significant Environment x Age-giointeraction was obtained for
all of the reported variables, with the exceptidntwo (reaction times in the choice
reaction time task, and for copy score from the Reynplex Figure). This suggests
that, in general, performance of the participants wlifferently influenced by the
environmental manipulation according to their ageug. The Environment x Age-
group interactions were anticipated because: (Was expectable that the four age
groups would perform differently among them due developmental reasons as
mentioned in the introductory chapter (Brennan,dBrer, Liu-Ambrose, Handy, &
Enns, 2017; Craik & Bialystok, 2006); (2) Partialyathe performance of the children
and of the older adults should be particularly imgzh by the high-load visual
environment (even though due to different motivegyen that they are groups with
difficulties to filter irrelevant information (in w study, the visual elements in the
surrounding environment) (Couperus, 2011; Lavi@x2Williams et al., 1999); (3) The
adolescents should exhibit a pattern of resultsensamilar to that of young adults as
their cognitive capacities are already more dewedoiinan that of the children but still
not at the top as the young adults. With the excepif the false alarms (go/no-go) and
of the errors (choice reaction time task), in whible adolescents obtained a lower
performance than the children, in general, the algverformance described the
expectable developmental trajectory. Moreover,eh@ronmental effect was obtained
in the age groups in which it was expected. Themsarg of the environmental effects
for all variables across all age groups presentefiable 8 provides an easy reading of
the results.

In Table 9, we present the results in an alteregterspective: for each age group

and variable we counted up the number of particgpamo obtained the expected result,
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that is, those that obtained worse performancéerhigh-load as compared to the low-
load visual surrounding environment (e.g., fewds land more false alarms in the
go/no-go task). Three different counts result fribms operationplus — the number of
participants whose performance was worse in thé-lugd visual environment (the
result consistent with our initial predictionsyiinus— corresponds to the number of
participants whose performance was better in tgb-lwad environment (the opposite
of what was initially predicted)ties — count of the number of participants whose
performance was equal in the two visual environsie8tich a presentation provides a
more “qualitative” understanding of the data buthwut considering the magnitude of
the difference. Next, we highlight those variallesvhich the majority (> 55%) of the
participants obtained worse performance when task®e performed in the high-load
visual surrounding environment.

In the high-load visual environment, 71.90% of ttteldren provided a lower
percentage of hits (go/no-go task), 62.50% of th@wovided a lower percentage of
correct responses, 70.30% were slower to providi torrect responses in the choice
reaction time task, and 68.80% performed worseh@ itnmediate recall of the Rey
Complex Figure. Regarding the adolescents, 67.18ftdtted more false alarms in
the go/no-go task, 65.60% had fewer correct regsoasd 56.30% more errors in the
choice reaction time task, when responding in Hhegldt visual surrounding
environment. As for the older adults, when in th&ne condition, 62.50% obtained
fewer hits and slower reaction times in the go/natask; in the choice reaction time
task, 65.60% of the older adults provided fewerraxrresponses, and 67.20% were
slower to provide their correct responses; finadg,10% of the older adults obtained a
lower memory span in the Corsi block-tapping. Intaotly, there were no cases in
which a majority of participants obtained the opmo®sf what was expected, that is,
worse performance when tasks were conducted in ldveload surrounding
environment. Such results illustrate that the surding environment can impact
peoples’ cognitive performance in these tasks, mosteably in the age groups that are

more likely to be more vulnerable to such influefice, older adults and children).
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Table 8
Summary of the environmental effects for all vdaalacross all age groups.

Young

Children  Adolescents adults Older adults

Go/No-Go

Hits v v - v

False alarms - v - -

Reaction times - - - v
Choice reaction time

Correct response v v -

Errors - v -

Reaction times v - - -
Corsi block-tapping

Memory span v v - v

Rey Complex Figure

Copy - - - -

Immediate recall v - - -

Notes: v* The effect of the environment was foundfhe effect of the environment was not
found. A statistically significant Environment*Aggoup interaction was obtained for all

variables, with the exception of reaction timeghe choice reaction time task, and for copy
score from the Rey Complex Figure.
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Table 9
Summary of the frequency (and proportion) of thes@s, minuses, and ties for all variables for g @roups.

Children Adolescents Young adults Older adults
P T M P T M P T M P T M
Go/No-Go
Hits 46 (0.72) 2(0.03) 16 (0.25) 31 (0.48) 12 (0.19) 21 (0.33) 19 (0.30) 31 (0.48) 14 (0.22) 40(0.63) 0(0) 24 (0.38)
False alarms 29 (0.45)5 (0.08) 30(0.47) 43(0.67) 2(0.03) 19(0.30)32 (0.50) 13 (0.20) 19 (0.30) 24 (0.38) 15 (0.23) 25 (0.39)
Reaction times 33 (0.52) - 31 (0.48) 35 (0.55) - 29 (0.45) 34 (0.53) - 30 (0.47) 40 (0.63) - 24 (0.38)

Choice reaction time

Correct response 40 (0.63)2 (0.03) 22 (0.34) 42 (0.66) 3 (0.05) 19 (0.30)32 (0.50) 6(0.09) 26 (0.41) 42 (0.66) 1 (0.02) 21 (0.33)
Errors 25 (0.39) 4 (0.06) 35 (0.55) 36 (0.56) 3(0.05) 25 (0.39)28 (0.44) 12 (0.19) 24 (0.38) 31(0.48) 7 (0.11) 26 (0.41)
Reaction times 45 (0.70) - 19 (0.30) 34 (0.53) - 30 (0.47) 36 (0.56) - 27 (0.42) 43 (0.67) - 21 (0.33)

Corsi block-tapping

Memory span 32 (0.50)18 (0.28) 14 (0.22) 34 (0.53) 20 (0.31) 10 (0.16) 23 (0.36) 15 (0.23) 26 (0.41) 41 (0.64) 12 (0.19) 11 (0.17)

Rey Complex Figure

Copy 22 (0.34) 22 (0.34) 20 (0.31) 25 (0.39) 21 (0.33)18(0.28) 14 (0.22) 36 (0.56) 14 (0.22) 22 (0.34) 24 (0.38) 18 (0.28)
Immediate recall 44 (0.69) 6 (0.09) 14 (0.22) 34 (0.53) 8(0.13) 22 (0.34)22 (0.34) 22 (0.34) 20 (0.31) 30 (0.47) 16 (0.25) 18 (0.28)

Notes: P = Plus: number of participants whose performamas worse in the high-load visual environment; MAius: corresponds to the number of participant®seh
performance was better in the high-load environiEnrt Ties: number count of participants whose granfince was equal in the two visual environments.
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CHAPTER 7.

The influence of the visual surrounding environment
on cognitive performance after controlling for anxety,

depression, and chronotype



7.1. Brief introduction

As mentioned in the introductory chapter of thisedis, several individual
variables can influence cognitive performance, sashstate-anxiety, depression, and
chronotype, just to mention a few (Derakshan e8l09; Desseilles et al., 2009; Fabbri
et al., 2017; Kizilbash et al., 2002; Lapointe ket 2013; Schmidt et al., 2007; Scult et
al., 2016; Vives, Lopez-Navarro, Garcia-CampaydGit, 2015). In this project, even
though these three variables (state-anxiety, dsijmmes and chronotype) were not
directly manipulated, they were assessed usingeagdirt instruments. The aim of this
Chapter was to explore if the environmental effegtscribed in Chapters 3-6 for each
age group differed when each of these variables wensidered. These should be
considered as exploratory only due to procedunatems noted below.

Before presenting a summary of these exploratotg, dsome notes about the
analyses are firstly presented:

1) We provide analyses for each individual variafdtate-anxiety, depression,
and chronotype) and for each of the different ddpah variables of each cognitive
task;

2) For each individual variable (state-anxiety, ri@sgion, and chronotype), we
used different self-report instruments accordingetch age group (see details in
Chapter 2), although we tried to use instrumentssacthe age groups that assessed
similar constructs. Given that each instrument gmes different score ranges we
conducted the analysis for each age group separdtels form of presentation of the
data is also more consistent with the organizaséidopted in this thesis by age group
(Chapters 3-5);

3) State-anxiety was measured in the two sesshogh-{oad and low-load visual
surrounding environments). However, given that mgniScant differences existed
between the two moments (lowgst .220, for the children’s group), we considereel t
average of the two sessions as one single variable;

4) The influence of the visual surrounding envir@min (high- vs. low-load
environment; within-subjects factor) in each demeidvariable from each cognitive
task was analyzed while controlling for anxiety addpression (covariate) using
analyses of covariance (ANCOVAs). When significanteractions between the
environment and the covariate were found (EnvirammeAnxiety or Environment x

Depression), the results were further explored dwws. First, we calculated the
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difference between the two environments creatingeasure of the “effect of the
environment” for the specific dependent variablolmed in the interaction; this effect
corresponds to the performance in the high-IMHNUS the performance in the low-
load. Then, we conducted Pearson correlations leetwes “effect of the environment”
and the covariate involved in the interaction faikr statistical procedure was used by
Heathcote et al. (2016)]. For example, if an Enuwinent x Anxiety interaction was
found for the percentage of hits provided by cleiigr firstly we calculated the
difference between the hits obtained in the twoirenwments (high-load — low-load),
and then correlated this difference with the stateiety score;

5) The instruments used to assess chronotype allavgeto categorize each
participant as morning-, intermediate-, or everye, considering the cut-off points
defined for each age range and for each of theurn&nt used (see a description of all
instruments in Chapter 2). Then, we classified fleeiod of the day in which each
participant performed the tasks. Of note, each igpaint performed the two
experimental sessions at about the same periodyf{ste details of the Methodology
in Chapter 2). According to the time periods usualisociated to each chronotype, the
sessions that occurred until 11:00 a.m. were censtl morning sessions; those that
occurred>11.00 a.m. and <3:00 p.m. were considered interabediessions, whereas
those that were performe®:00 p.m. were classified as evening sessions @{@rass,

& Petitt, 1980). Finally, we matched the chronotyjfehe participants (as assessed via
the self-report instruments) with the time classifion of their sessions. Two groups
were created within each age group: #ymchrony-chronotype groumcluding the
individuals for whom the period of the session wascident with the best performing
period of the individual (e.g., a morning-type mapant performed the tasks in the
morning period), and thasynchrony-chronotype grouphich included the cases in
which the moment of the session was not coincidatht the best performing period of
the individual (e.g., a morning-type participantrfpemed the tasks in the evening
period). The influence of the surrounding environméhigh- vs. low-load; within-
subjects factor) and chronotype-group (synchroms. asynchrony-chronotype;
between-subjects factor) in each dependent variatae each cognitive measure were

analyzed using mixed analysis of variance (ANOVAS).

Firstly, we present the results regarding stataesyxthen depression, and finally

chronotype reporting in detail only in those casdwere statistical significance was
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obtained. As noted above, when interactions (Emwrent x Anxiety or Environment x
Depression) were found, we conducted Pearson atimes between the
“environmental effect” of the dependent variablel ahe covariate (state-anxiety or
depression) in order to understand how the envieoah effect varied according to
anxiety or depression scores. We anticipated tmatenvironmental effect would be
larger in the participants with higher levels okemy and depression, given that they
are likely to be more susceptible to visual digioag that is, they have usually more
difficulty to inhibit irrelevant stimuli (e.g., D&gilles et al., 2009; Lapointe et al., 2013).
We also expected that the participants from then@sypny-chronotype group would
present a larger environmental effect than thoséhefsynchrony-chronotype group
(e.g., Fabbri et al., 2017). For each variable vaiple a table summarizing the results.
Specifically, in the case of state-anxiety and dsgion, we indicate whether the main
effect of the Environment was statistically sigeafnt while controlling for the
covariate, and whether the Environment x Covaneds significant. For easiness of
comparison with the data obtained in the analysgékowt the covariates, we also
provide the summary of these results in the lastinso of each table. A similar

representation was adopted for the data regartmghronotype.

7.2. The effect of the visual surrounding environm@ on cognitive performance
after controlling for state-anxiety

Go/no-go: The main effect of the visual surrounding enviremi in the
percentage of hits was maintained in the childnesh the adolescents after controlling
for state-anxiety (highest = .031, for the adolescents). For these two agapgowe
also obtained statistically significant EnvironmenAnxiety interactions (highegt =
.032, for the children). Pearson correlations betwthe effect of the environment and
the state-anxiety scores showed that children Wwigher anxiety tended to obtain a
smaller environmental effect in the percentage itf than those with lower anxiety
(i.e., the high-load visual surrounding environme@s more detrimental for the less
anxious childreny = .268,p = .032), whereas the adolescents presented arsitppo
pattern of resultsr (= -.337,p = .007).

The main effect of the environment in the perceataf false alarms was no
longer statistically significant for the adolesceafter controlling for anxietyp(= .098),
but an Environment x Anxiety interaction was foypd= .017). The Pearson correlation
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suggested that adolescents with higher levels aden tended to have a higher
environmental effect in the percentage of falsenadathan those with lower levels of
anxiety (i.e., the difference in the percentag¢heffalse alarms between the high- and
low-load visual surrounding environment was largerthe more anxious adolescents;
=.298,p = .017), although no main effect of the environmeas found.

Regarding the reaction times for the hits, the mmmental effect obtained in the

older adults was retained € .003). See Table 10 for a summary of the obthresults.

Table 10
Summary of the environmental effect (after and reetmntrolling for Anxiety) and

interactions (Environment x Anxiety) for all varlab from the go/no-go task for each

age group.
Main effect of the Interaction Environmental effect
environmerit (Environment x  (without controlling for
(after controlling for Anxiety) Anxiety)* Anxiety)
HITS
Children v Ve v
Adolescents v v v

Young adults - - -

Older adults - - v

FALSE ALARMS

Children - - -
Adolescents - v o

Young adults - - -

Older adults - - -

REACTION TIMES
Children - - -
Adolescents - - -
Young adults - - -

Older adults v - v

Notes:# Results obtained from the ANCOVAS;Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05;" p<.01;” p < .001.

Choice reaction time taskihe environmental effect in the percentage ofeatirr

responses was maintained only in the older addlés aontrolling for anxiety § =

.022). No Environment x Anxiety interactions weoed for this dependent variable.
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The main effect of the environment in the perceatad errors was also
maintained in the older adults and in the adoldsceafier controlling for anxiety
(highestp = .046, for the older adults). An Environment xxfety interaction was also
found for the adolescentp € .012); the follow-up Pearson correlation sugegghat
the adolescents with higher levels of anxiety hddrger environmental effect in the
percentage of errors than those with lower levélanxiety (i.e., the difference in the
percentage of the errors between the high- anddad-visual environment was larger
for the more anxious adolescentss .311,p = .012), suggesting that they are more
susceptible to the detrimental effect of the higae visual surrounding environment.

For the reaction times, the main effect of the emment found in the children
(Chapter 3) was no longer statistically significafter controlling for anxietyp =
.839). Table 11 presents a summary of the obtaiesdts.

Table 11
Summary of the environmental effect (after and reetmntrolling for Anxiety) and
interactions (Environment x Anxiety) for all varlab from the choice reaction time task

for each age group.

Main effect of the Interaction Environmental effect
environmerit (Environment  (without controlling for
(after controlling for Anxiety)  x Anxiety)" Anxiety)
CORRECT RESPONSES
Children - - v~
Adolescents - - v
Young adults - - -
Older adults Ve - Ve
ERRORS
Children - - -
Adolescents v’ v’ v
Young adults - - -
Older adults Ve - Ve
REACTION TIMES
Children - - Ve

Adolescents - - -
Young adults - - -

Older adults - - -

Notes:# Results obtained from the ANCOVAS;Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05;" p<.01;” p < .001.
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Memory tasksAfter controlling for anxiety, the environmentdfext on theCorsi
spanwas obtained only in the older adults £ .001). An Environment x Anxiety
interaction was obtained for the adolescepts (043); the Pearson correlation indicated
that the adolescents with higher levels of anxietgt larger environmental effect on this
dependent variable than the adolescents with ldexezls of anxiety ( = -.254,p =
.043). As mentioned in Chapter 6, for tRey Complex Figureve only obtained an

environmental effect in the immediate recall of ttldldren, which was lost after

controlling for anxiety | = .436). In Table 12 we present a summary of thesalts.

Table 12
Summary of the environmental effect (after and reetmntrolling for Anxiety) and

interactions (Environment x Anxiety) for all varlab from the memory tasks for each

age group.
Main effect of the Interaction Environmental effect
environmerit (Environment  (without controlling for
(after controlling for Anxiety)  x Anxiety)* Anxiety)
CORSI
Children - - v
Adolescents - v Ve
Young adults - - -
Older adults Ve - Ve
FIGURE REY_Copy
Children - - -
Adolescents - - -
Young adults - - -
Older adults - - -
FIGURE REY_Immediate
recall
Children - - v

Adolescents - - -
Young adults - - -

Older adults - - -

Notes:# Results obtained from the ANCOVAS;Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05; " p < .01;” p < .001.
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7.3. The effect of the visual surrounding environm@ on cognitive performance
after controlling for depression

Go/no-go:The environmental effect in the percentage of vitsvsided by children
and adolescents remained significant, after cdimigpfor depression (highegt= .003
for the children). However, this effect was no lengignificant for the older adultp €
.233). For the adolescents, we also found a saamfi Environment x Depression
interaction p = .006). The follow-up Pearson correlation revedleat the adolescents
with higher levels of depression are associatea $maller environmental effect in the
percentage of hits than those with lower levelslefression (i.e., the difference in the
percentage of hits between the high- and the l@ag-Msual environment was larger for
the less depressed adolescents;339,p = .006).

The main effect of the environment in the percgataf false alarms provided by
adolescents was observed after controlling for @gpon |p < .001), but a significant
Environment x Depression interaction was also fofnd .001). The follow-up Pearson
correlation suggested that the adolescents witleddevels of depression had a larger
environmental effect than the more depressed ackies( = -.440,p < .001).

The main effect of the environment on the reactiores to correct responses of
the older adults was maintained after controlliogdepressionp= .026). See Table 13

for a summary of the results concerning these apaly
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Table 13
Summary of the environmental effect (after and reefwontrolling for Depression) and

interactions (Environment x Depression) for all iadnles from the go/no-go task for each age

group.

Main effect of the environmeht Interaction Environmental effeét
(after controlling for (Environment x  (without controlling for
Depression) Depressior) Depression)
HITS
Children Ve - Ve
Adolescents N v Ve
Young adults - - -
Older adults - - v
FALSE ALARMS
Children - - -
Adolescents v v v
Young adults - - -
Older adults - - -
REACTION TIMES
Children - - -
Adolescents - - -
Young adults - - -
Older adults v’ - v

Notes:# Results obtained from the ANCOVAS;Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05; " p < .01;” p < .001.

Choice reaction timeThe effect of the environment in the percentageasfect

responses remained statistically significant in #mplescents p( < .001), but a
significant Environment x Depression interactionswalso found g = .027). The
Pearson correlation suggested that the adolesaghtéower levels of depression were
associated to higher environmental effect thamtbee depressed adolescents (i.e., the
difference in the percentage of the correct respometween the high- and low-load
environment was larger for the less depressed sckésy = .277,p = .027).

For the errors, the effect of the environment wdlsssatistically significant in the
adolescents and the older adults after controftinglepressiong(< .001, ang = .037,
respectively). For the adolescents, we also foundEavironment x Depression
interaction p < .001): the adolescents with higher levels ofrdsgion had a lower
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environmental effect in the percentage of erroamtthe adolescents less depressed (
-.448,p < .001).

Regarding the reaction times for the correct respsn after controlling for
depression, the environmental effect in the childnas no longer statistically
significant = .219). An Environment x Depression interactioasvobtained for the
adolescentsp(= .009); for these, higher levels of depressiardésl to have a larger

environmental effectr(= .322,p = .009). See Table 14 for a summary of these tsesul

Table 14
Summary of the environmental effect (after and reefoontrolling for Depression) and

interactions (Environment x Depression) for all idles from the choice reaction time for each

age group.
Main effect of the . .
) Interaction Environmental effeét
environmerit ) . .
i (Environment x (without controlling
(after controlling for De ressiorf‘) for Depression)
Depression) P P

CORRECT RESPONSES

Children - - Ve

Adolescents Ve v v

Young adults - - -

Older adults - - Ve
ERRORS

Children - - -

Adolescents v v Ve

Young adults - - -

Older adults e - e
REACTION TIMES

Children - - v’

Adolescents - v ** -

Young adults - - -

Older adults - - -

Notes:# Results obtained from the ANCOVAS;Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05;" p<.01;” p < .001.

Memory tasks:For the Corsi span the statistically significant environmental

effect remained for the adolescents and the oldeltsaa(highesp = .004, for the older

adults), after controlling for depression. The eonimental effect found in immediate
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recall Rey Complex Figujeprovided by children was found after controllifgy
depression= .034). Table 15 presents a summary of thesetsesul

Table 15
Summary of the environmental effect (after and reefoontrolling for Depression) and

interactions (Environment x Depression) for all idles from the memory tasks for each age

group.

Main effect of the

. Interaction Environmental effeét
environmerit ) ) .
. (Environment x  (without controlling for
(after controlling for De ressiori‘) Depression)
Depression) P P
CORSI
Children ; - v
Adolescents Ve - Ve
Young adults - - -
Older adults Ve - Ve
FIGURE REY_Copy
Children - - -
Adolescents - - -
Young adults - - -
Older adults - - -
FIGURE REY_Immediate
recall
Children 4 - 4

Adolescents - - -
Young adults - - -

Older adults - - -

Notes:# Results obtained from the ANCOVAS;Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05; " p < .01;” p < .001.

7.4. The effect of the visual surrounding environm@ on cognitive performance

considering synchrony-vs. asynchrony-chronotype groups

Go/no-go:The main effect of the environment in the percgataf hits remained
statistically significant for the children and aelet¢ents considering the two chronotype

groups (synchronys.asynchrony)g = .001, for both age groups).
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Regarding the false alarms provided by adolescehts main effect of the
environment was sustained, even when consideriagitto chronotype group® (<
.001). An Environment x Chronotype interaction wasind for the young adults;
although no main effect of the environment was tbtor this age group, the difference
in performance between the two environments walkenign the synchrony group, that
is, these participants obtained more false alanmtie low-load than in the high-load
environment; the opposite pattern of results wdained for the asynchrony group.

The main effect of the environment in the reactiones for hits of the older
adults was still statistically significant when saatering the two chronotype groups as a
between-subjects factop € .034). See Table 16 for a summary of the enwemtal

effects and interactions (Environment x Chronotype)

Table 16
Summary of the environmental effect (with and withchronotype groups) and interactions

(Environment x Chronotype) for all variables frohe tyo/no-go task for each age group.

Main effect of the

. Interaction Environmental effeét
environmerit ) .
. (Environment x (without chronotype
(considering chronotype Chronotypef roups)
groups) yp group
HITS
Children v - v
Adolescents v - Ve
Young adults - - -
Older adults - - v
FALSE ALARMS
Children - - -
Adolescents v - v
Young adults - v -
Older adults - - -
REACTION TIMES
Children - - -
Adolescents - - -
Young adults - - -
Older adults e - v

Notes:# Results obtained from the ANOVAS; Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05;" p<.01;” p < .001.
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Choice reaction timeConsidering the two chronotype groups, the sigairit

main effects of the environment in the percentafyeoorect responses provided by
children, adolescents, and older adults were maida(highestp = .008, for the

children). The main effect of the environment i fercentage of errors provided by
adolescents was significarp € .002). Environment x Chronotype interactions aver
found for the adolescentp € .042) and for the older adulfs € .036). In the former

group, the environmental effect was larger in tiiechrony-chronotype group than in
the asynchrony-chronotype group. Regarding ther@dalts, the environmental effect
was larger in the asynchrony group, in which thegvigled a higher percentage of
errors in the high-load environment, whereas in #siyachrony group the higher
percentage of errors was obtained in the low-loadrenment. Considering the two
chronotype groups, the main effect of the enviromima the reaction times of the

children disappeareg £ .099). See Table 17 for a summary of the results

Table 17
Summary of the environmental effect (with and withchronotype groups) and interactions

(Environment x Chronotype) for all variables frone tchoice reaction time for each age group.

Main effect of the Interaction Environmental effect
environmerit (Environment x (without chronotype
(considering chronotypes)  Chronotypé]) groups)
CORRECT RESPONSES
Children v - v’
Adolescents 7 - v
Young adults - - -
Older adults v - Ve
ERRORS
Children - - -
Adolescents v v’ v
Young adults - - -
Older adults - v’ v'
REACTION TIMES
Children - - v’

Adolescents - - -
Young adults - - -

Older adults - - -

Notes:# Results obtained from the ANOVAS; Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05; " p < .01;” p < .001.
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Memory tasks:The statistically significant environmental effeatsported in
Chapters 3-6 were maintained for the Corsi Spaghéstp = .009, for the children) and
for the Rey Complex Figurep(= .009). In Table 18, we provide a summary these

results.

Table 18
Summary of the environmental effect (with and withchronotype) and interactions

(Environment x Chronotype) for all variables frone tmemory tasks for each age group.

Main effect of the

environmerit Int.e raction Environmental effeét
(considering chronotype (Environment x (without chronotype groups)
Chronotypé
groups)
CORSI
Children v - v
Adolescents Ve - Ve
Young adults - - -
Older adults Ve - Ve
FIGURE REY_Copy
Children - - -
Adolescents - - -
Young adults - - -
Older adults - - -
FIGURE REY_Immediate
recall
Children e - v

Adolescents - - -
Young adults - - -

Older adults - - -

Notes:# Results obtained from the ANOVAS; Environmental effects reported in Chapters 346A
significanteffect was found: The effect was not statistically significar;< .05; " p < .01;” p < .001.

7.5. Concluding remarks

After controlling for anxiety, some of the siguc#int environmental effects
reported in Chapters 3-6 disappeared, although s&meironment x Anxiety
interactions were also found. We expected thatiiddals with higher levels of anxiety

would present a larger environmental effect thaoséhwith lower anxiety (e.g.,
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Lapointe et al., 2013; Shackman et al., 2006). Saiaesult occurred in all of the
significant interactions obtained for the adolesserfor example, more anxious
adolescents obtained a larger environmental eiffieitte hits and the false alarms of the
go/no-go task, the errors from the choice readii@k and the Corsi blocks, denoting a
more detrimental effect of the high-load visualreunding environment for these
individuals. On the other hand, the opposite patiess obtained for the hits (go/no-go)
in children for whom higher levels of anxiety wesssociated with a smaller
environmental effect.

As for depression, we anticipated that participanth higher levels of depression
would present a larger environmental effect (eDgsseilles et al., 2009; Vijayakumar
et al., 2016). However, significant interactionsrevéound in adolescents only and, for
the most part, these reflected the opposite ofwedicted; specifically, the effect of the
environment was smaller for those individuals witgher levels of depression for the
hits and false alarms of the go/no-go task, fordbeect responses and errors of the
choice reaction task; the opposite occurred only the@ response times to correct
responses of the choice reaction task.

When we considered the chronotype variable, weigtesti that individuals who
performed the tasks in their best period of the (fag synchrony-chronotype group)
would be less affected by the environment as coetpbty those who did the tasks in
their non-optimal period (the asynchrony-chronotgpeup) (e.g., Fabbri et al., 2017,
Schmidt et al., 2007). The results revealed that @éhvironmental effect in the hits
(go/no-go) and in the errors (choice reaction timispppeared for the older adults, as
did the environmental effect in the reaction tinoéshe children in the choice reaction
time. The remaining environmental effects remaisigaificant. The interactions found
between Environment and Chronotype revealed mixesllts; for instance, the
environmental effect was larger in the errors pitedi by the adolescents of the
synchrony group, but for the older adults the emvinental effect was larger in the
asynchrony group (the last result was expectable).

These exploratory analyses aimed to scan if tive@mmental effects differed
when each of the three variables were considesdding into account their typical
influence on cognitive performance. However, naonficonclusions should be drawn
from these results for several reasons. For instancthe chronotype groups, we were
unable to ensure the correct counterbalancing ereghthe order of the environmental
manipulation nor of the tasks, two aspects we candio be important in this type of
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studies (e.g., Bialystok, Craik, & Luk, 2008; Raflires & Pandeirada, 2015). Also in
the chronotype groups, we obtained strongly unleadngroups for each circadian
group; for instance, in the older adults, thirtedérthe participants performed the tasks
during a period that was consistent with their lpestorming time (i.e., the synchrony-
group), whereas fifty-one participated at a petiioat was not coincident to their best
performing period (i.e., the asynchrony-group).tkermore, in the specific cases of
state-anxiety and depression, for the most partdidenot obtain enough variability in
the participants’ scores that allow us to provitteeisconclusions and some of the score
were very low. Just to give an example, considetimgycut-off points defined for each
age group (see detailed information about eachrumsnt in Chapter 2), in the
depression instruments, sixty-three children hadoa-clinical score and only one
obtained a clinical classification. Regarding tha#olascents, sixty-one participants
could be classified as non-clinical and only thasedepressed individuals; fifty-eight
young adults could be classified as non-clinical anly six as clinical; thirty-two older
adults could be classified as clinical and the tiemg thirty-two as non-clinical
participants. The descriptive values obtained icheage group (Means and SDs) for
each variable, are provided in Appendix 7 alondlie score range of each instrument
as well as the corresponding cut-off values. Alse, are unable to ensure that the
counterbalancing versions are balanced acrossitivduals varying in these variables.
In conclusion, the results reported in this Chaphould be seen only as
exploratory and no firm conclusions should be dra®@onsidering the relevance of
these variables to cognition, future studies shonighipulate them intentionally while
adopting correct procedural measures. For exantipée groups contrasting on these
variables and with an adequate variability sho@dteatea priori and then, have each
group participate in the experimental sessions evbélancing the counterbalancing
versions in each group (e.g., Hahn et al., 2012¢h$rocedure would also allow more
conventional statistical analysis than the oneswane able to employ here, particularly

for the variables of state-anxiety and depression.
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CHAPTER 8.

General Discussion



In everyday life, humans are continuously surra@ehfly physical environments
that can influence their cognition and behaviorr(Be et al., 2015; Colombo, Laddaga,
& Antonietti, 2015; Devlin & Andrade, 2017; Fisher al., 2014, Gifford, 2007; Hart &
Moore, 1973; Rodrigues & Pandeirada, 2015). Giveat thumans have a limited
cognitive capacity, several cognitive processes ag selective attention, inhibition,
and working memory, allow them to select the imaottinformation from the
environment while inhibiting irrelevant stimuli (Qperus, 2011; Gaspar et al., 2016;
Gazzaley & Nobre, 2012; Lavie, 2010; Squire et2013; Zhou et al., 2016). A large
number of studies has explored these cognitive gss®s using different tasks
(specifically with visuo-spatial information) in ftBrent age groups (Chadick et al.,
2014; McAvinue et al., 2012; Sander et al., 201jtl, Jamadar, Provost, & Michie,
2013). Nonetheless, as we indicated throughouttli@sis, the vast majority of studies
uses a procedure in which targets and distractaspeesented in the same visual
display (e.g., on the computer screen: Lavie, 2Q@&je, 2010; Peverill et al., 2016;
Tan et al., 2015), neglecting the potential effecthe surrounding environment/real
world, thus limiting their ecological validity, &tressed by several authors (e.g., Choi et
al., 2014). The central aim of the project herespmed was to contribute to the
understanding of how cognitive processes operateomditions that more closely
resemble those we face in our everyday life, whdang controlled procedures that are
typically used in laboratorial settings. Specifigale aimed to test the influence of
visual elements (i.e., irrelevant information fogiaen task) in cognitive performance
(assessed by simple cognitive tasks) when these emibedded in the surrounding
environment. This study also contributed to fill gap identified by several
environmental psychologists (e.g., Cassidy, 2018ofd, 2007), as noted below.

Environmental psychologists have acknowledged thboratory research has
been very important to understand cognitive fumgtig, but that, at the same time, can
per sebe a “reductionist” (Cassidy, 2013, p. 16) methaeause it usually ignores the
real world/natural setting in which individuals anserted. These authors have argued
that cognitive researchers should do an effortrtumpte ecological validity of their
studies to better understand human cognitive artthwberal functioning (Cassidy,
2013; Gifford, 2007; Hart & Moore, 1973).

Although our research was not carried out in “prireatural settings, we aimed
to add a more ecological approach to the cognitagks typically administered.

Specifically, we manipulated the potential for chstion by embedding visual elements
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in the surrounding environment (rather than onghme screen where tasks would be
performed). We reasoned that this procedure wotildafiow us to test inhibition,
response selection, and working memory for visuatigp information in a setting
closer to that faces in everyday life. Furthermare,were interested in exploring if this
manipulation of the environment would influencefpenance in a similar manner at
different developmental stages. Cognitive abilitiexluding selection and inhibition
change throughout human development, typically rnl@sg an inverted U-shaped
curve (e.g., correct responses) or an U-shapedec(evg., errors or false alarms)
(Brockmole & Logie, 2013; Craik & Bialystok, 2006ander et al., 2012; Zelazo et al.,
2004). Indeed, cognitive abilities are in matunatio childhood, continuing to develop
in adolescence, reach its peak in adulthood, aedirardecline during older ages
(Brennan et al., 2017; Craik & Bialystok, 2006; 8anet al., 2012). We predicted that
our environmental manipulation would interfere negdy with cognitive performance
in the opposite manner: to become less disruptioig fearly ages until early adulthood
and, again, its detrimental effect would increaseage progressed. Our participants
belonged to four age groups: children, adolescgotsmg adults, and older adults. Each
participant performed two individual sessions: ona high-load and the other in a low-
load visual surrounding environment. In each sesstach participant performed four
visuo-spatial cognitive tasks: two attentional &nd memory tasks. Additionally, some
questionnaires were also applied to collect dagandng state-anxiety, depression, and
chronotype for further exploratory analysis.

From a developmental point of view, our overalalgses of the data revealed a
main effect of the age group in all of the consedievariables (Chapter 6), corroborating
age-related differences in cognitive performanceaifC& Bialystok, 2006; Sander et
al., 2012; Swanson, 2017; Zelazo et al.,, 2004).r@\ethe young adults and the
adolescents obtained the best performance, folldwetzhildren and the older adults. In
the hits, correct responses, Corsi span, and Rayplea Figure the age-related
differences described an inverted U-shaped cuwexaected (Bonifacio et al., 2003;
Dykiert et al., 2012; Fernando et al., 2003; Pagartaet al., 2006; Sander et al., 2012;
Simdes et al, 2011; Yamashita, 2015). On the dthed, we obtained a U-shaped curve
in the remaining variables (i.e., reaction timesos, and false alarms), a finding that is
also in line with previous developmental studieg.(eBrennan et al., 2017; Casey,
Tottenham, Liston, & Durston, 2005; Couperus, 2@rgik & Bialystok, 2006; Konrad
et al., 2013; Rodrigues, 2016; Vidal et al., 20E®hough some differences between
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age groups did not reveal statistical significar@eriously, adolescents revealed a trend
to provide their responses faster than the youngltgda result that refutes
developmental studies in which young adults areallisufaster to provide their
responses than adolescents (e.g., Vidal et al2)201

When we analyzed the effects of age group and@mwient, for the variables of
hits (go/no-go) and correct responses (choice iratime), we found a main effect of
the environment and an Environment x Age-group rauion. Underlying the
significant interactions are the environmental @len children, adolescents, and older
adults, but not in young-adults. The cognitive perfance of the former three age-
groups was impaired when they performed the tasklkd high-load as compared with
the low-load visual surrounding environment. Theutes of the older adults are in line
with our previous study which followed a similarrpdigm (Rodrigues & Pandeirada,
2015): the older adults obtained a lower percentddpts when they performed a visual
go/no-go task in a high-load visual condition, asmpared with a low-load visual
condition. As in typical cognitive tasks in whidirgets and distractors are presented in
the same display (Gaspelin et al., 2015; Lavie 52@010), in this paradigm in which
distractors were displayed in the surrounding emrirent, these groups seem to have
difficulties ignoring the environmental elementsnda consequently had poorer
performance.

Regarding the false alarms from the go/no-go taskmain effect of the
environment and the Environment x Age-group inteoacwere found. The children
obtained the highest percentage of false alarnieswied by the adolescents, and then
by the young and older adults; the latter two ditl differ significantly between them.
Underlying the interaction is the environmentaleetf obtained in the adolescents,
reflecting a higher percentage of false alarmshm ligh-load, as compared with the
low-load visual surrounding environment. Regardiing errors obtained in the choice
reaction time, a main effect of age group and anirBnment x Age-group interaction
were also obtained. Causing this interaction is #mironmental effect in the
adolescents and in the older adults, indicatingaamful effect of the high-load
environment (higher percentage of errors), as coadpao the low-load visual
surrounding environment. For these two cases, weagd that the environmental
effects would be observed in children, adolescentd,older adults; in other words, we
expected that in the high-load environment theseetlgroups would obtain a higher

percentage of false alarms and errors than in ¢keldad environment. The non-
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significant effect of the environment on cognitperformance of the young adults was
expected because they are in the peak of theintbegyonapacities and, thus, would have
a good capacity to ignore the irrelevant informat{wisual elements) presented in the
surrounding environment. The non-effect in the dieih in the two cases was
unexpected because this constitutes a group wfgtilg immature capacity to ignore
distractors (e.g., Gaspelin et al., 2015). The remvnental effect in the errors (choice
reaction time) provided by older adults was expicteecause they correspond to a
group with typical cognitive declines, includingethcapacity to filter irrelevant
information (Clapp & Gazzaley, 2012). However, then-significant effect of the
environment in the false alarms provided by old#ilis was unexpected. Interestingly,
the percentage of false alarms (go/no-go) provigethe older adults was close to that
obtained by young adults. Given that the go/noagk requires an alternation of active
responses and no-responses, we can ponder whatkeembtor problems typically
observed in these individuals could justify thewlpercentage of false alarms (Ehsani,
Abdollahi, Mohseni Bandpei, Zahiri, & JaberzadebB12). Of note, the older adults
obtained the lowest percentage of active respofises and correct responses), and
consequently the highest percentage of omissiorikergo/no-go task that was used.
Curiously, whereas the percentage of false alagonf¢-go) provided by the older
adults did not differ significantly from that praed by the young adults, the difference
between them in the errors of the choice reactime task was significant. A recent
study inspected whether a go/no-go procedure (wtegnires a response to only one
the stimulus) was preferable to a choice reactmoe task (which requires a response to
every stimuli) in older adults and revealed no celinpg reasons for choosing of these
tasks (Perea, Devis, Marcet, & Gomes, 2016).

Regarding the reaction times, we only observecrrironmental effect in the
reaction times for hits in the older adults andhie reaction times for correct responses
in the children. We expected that both variablesild/doe impaired not only in the
children and older adults, but also in the adoletscée.g., Craik & Bialystok, 2006;
Zelazo et al., 2004).

In the two attentional tasks, in general, perfaragawas impaired by the presence
of a high-load visual surrounding environment amgd tmpairment differed according
to the age group. Given that distraction is usualasured by the percentage of correct
responses in a condition compared with other camdigKannass & Colombo, 2007),

we can argue that the high-load visual surroundmgronment tended to be distracting
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for the children, adolescents, and older adultscaspared with the low-load visual

surrounding environment (Chapters 3-6). As expecyedng adults, whose cognitive
capacity was expected to be at its peak, were nflatenced by the high-load visual
surrounding environment (Chapter 5-6). One poss@xplanation for this results is

usually applied to the more traditional researchwimch targets and distractors are
presented in the same visual display (e.g., Kimalet2007; Lavie, 2010; Vidal et al.,

2012): the mature cognitive system of the youndtadllows them to select the stimuli
that are important to the task at hands and tdinirelevant information. Considering

our results, we can speculate that the capacitguofyoung adults to inhibit irrelevant

information was not affected even when the distractwere displayed in the

surrounding/external environment. On the other hainel results from the other three
age groups revealed an influence of our environatentanipulations (the high-

compared with the low-load visual surrounding emwiment), particularly in the hits

and correct responses. The children and the adwitsscprobably because they
constitute age groups in which the cognitive systemstill under maturation; the older
adults possibly because they are already undergadggitive decline which affects

their selective and inhibition capacities (e.g.efran et al., 2017; Craik & Bialystok,
2006).

In the Corsi block-tapping, the statistical resulevealed a main effect of the
environmental condition, as well as a significanviEonment x Age-group interaction.
In other words, cognitive performance measured hiy task was influenced by the
environmental condition but this influence was tit# same across age groups. With
the exception of the young adults (whose perforraawas not influenced by our
environment manipulation), the remaining age grdugd a better performance (higher
Corsi span) in the low-load, as compared with thghd#oad visual surrounding
environment (Chapters 3-6). As in the attentioaaks, we can discuss these results in
light of the developmental theories. Young aduliwentheir cognitive capacity at its
peak, accompanied by a good capacity to inhibiir thesponses to environmental
distractors. On the other hand, cognitive capacisiee still under development in the
children and adolescents, and declining in oldedtadin these three age groups, the
propensity to distraction (with the visual elememesented in the surrounding
environment) was higher than in the young adultg. (€raik & Bialystok, 2006; Lavie,
2005). In our previous study with older adults gsather memory tasks (Rodrigues &

Pandeirada, 2015), we obtained an environmentattedinly in one of the four memory
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tasks. We speculated this result was due to tHereift modalities recruited by the
stimuli in the task (verbal) and the visual nataféhe environmental distractors. In the
Corsi-block tapping in which we only used visuotsgda stimuli, the visual
environmental effect in the older adults was strong

With regard to the Rey Complex Figure, we canudisctwo different findings.
Firstly, in all age groups, the score obtainechi topy administration was higher than
that obtained in the immediate recall. These resuk in line with the literature because
in the copy administration each participant wadrutted to copy the RCF in the
presence of the figure-stimulus, whereas in the ediate recall each participant was
instructed to reproduce the RCF without the figstierulus (Caffarra et al., 2002;
Rivera et al.,, 2015). In other words, the immediedeall requires more memory
mechanisms than the copy administration (Rey, 1988¢ondly, we only found an
effect of the environmental manipulation in childii@ the immediate recall task: in the
low-load visual surrounding environment, childregrfprmed significantly better than
in the high-load condition. Considering that thésa paper-and-pencil task in which
attention is directed to a visual field (table tdimat is less exposed to our highs low-
load visual surrounding panel which is displayedramt of the participant, the lack of a
consistent effect of the environment manipulatiaghtinot be particularly surprising.

Selective attention, inhibition, and working memaare important cognitive
processes across a wide variety of activities wexate in our everyday life. These are
mediated by bottom-up and top-down processing, lwlaie in maturation in young
ages and in decline in old ages. For the age graupshich the high-load visual
surrounding environment impaired cognitive perfonce® we can speculate that the
top-down processing did not allow them to succeissfilter the information that was
important for the tasks at hand (Gazzaley & Nol#2612; Gilbert & Li, 2013;
Rodrigues, 2016; Sobel et al., 2007; Zanto et28l11). Interestingly, the results of the
variables false alarms, errors, and reaction tighésnot reveal a pattern that was
consistent with our predictions (for instance, tevironmental manipulation was
significant only in adolescents for the false alarmvhereas for the errors both the
adolescents and the older adults were impairedhbyhigh-load environment). The
active responses (i.e., hits and correct responsesin to be a better indicator of
distraction in this paradigm. Alternatively, we cgymeculate if this paradigm is simply
not sensitive to detect environmental influencesnié relies on the errors, false alarms,

or reaction times as dependent variables.
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This research followed the more ecological apgnazfcthe study by Fisher et al.
(2014) with children Mage = 5.37 years), and of our previous study with pldeults
(Rodrigues & Pandeirada, 2015). However, the curstandy differs in three major
aspects. Firstly, we included four different ageugs (children, adolescents, young
adults, and older adults). Secondly, we aimed Yestigate the effect of a high-load
low-load visual surrounding environment on cogmtigerformance as measured by
specific cognitive tasks that assess more basicitrog processes that underlie many of
daily activities (such as learning). In the casd-sher et al. (2014), the goal was to
investigate whether a decorated-classroom “carctaffhildren’s ability to maintain
focused attention during instruction and to ledra esson content” (p. 1362). In this
respect, the current study is closer to that of rRods and Pandeirada, although
different tasks were here used and the manipulatiche environment was done in a
different manner. A methodological difference slibalso be mentioned: whereas in the
study of Fisher et al. (2014) the first session \wégays in the sparse-classroom
condition, and the order of other conditions wa®rahted between decorated- and
sparse-classroom, in our study the order of the&r@mwiental conditions, as well as the
order of the cognitive tasks, were counterbalaradss participants within each age
group (see Appendix 5). This methodological datatrucial to avoid the influence of
potential confounding variables, such as the effeftorder and of fatigue (Brooks,
2012).

We also presented an exploratory set of analyseashich we investigated if the
effect of our environmental manipulation differechem the individual variables of
state-anxiety, depression, and chronotype wereiadenmsl. For the state-anxiety, we
found several interactions between the effect ef ¢hvironment and anxiety in the
adolescents, revealing that participants with higbeels of state-anxiety had a larger
environmental effect than those with lower levelsstate-anxiety. In particular, such
outcome was obtained for the hits and false aldgu&o-go), as well as for the errors
(choice reaction time) and the Corsi span. Thisepatof results is in line with the
literature that suggests that anxious people haem@ency for higher distraction, that
is, lower capacity to ignore irrelevant stimuli (wur study, the visual elements
embedded in the surrounding environment) (e.g.plrdp et al., 2013). Curiously, an
opposite result was obtained in the hits (go/notggk) provided by the children.
Regarding depression, we also found several irtierec for the adolescents;

specifically, the adolescents with higher levelprdssion had a smaller environmental
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effect in the hits and false alarms of the go/ndagk, and in the correct responses and
in the errors of the choice reaction time tasksTgattern of results is incongruent with
literature (e.g., Desseilles et al., 2009) whicthicates that depressed individuals seem
to have more susceptibility to distraction. Howevas predicted, the effect of the
environment tended to be larger in the adolesaosittshigher depression scores in the
reaction times for correct responses (choice reat¢tme task).

For the chronotype, we only found three interaxtian the false alarms (go/no-
go) provided by the young adults, in which the $yoay group had a larger
environmental effect; in the errors provided by #wolescents, in which the larger
environmental effect was also found in the synciir@moup; and in the errors
committed by the older adults, in which the envinemtal effect was larger in the
asynchrony group, as predicted (e.g., Schmidt.eP@07). However, as stressed at the
end of Chapter 7, no firm conclusions should bevdrkfom these exploratory data for
several reasons. For instance, in the chronotypepgt we were unable to ensure the
correct counterbalancing neither of the order ef éhvironmental manipulation nor of
the tasks, two aspects we consider to be importaniis type of studies (e.g.,
Bialystok, Craik, & Luk, 2008; Rodrigues & Pandeéiaa 2015). For state-anxiety and
depression, for the most part, we did not obtaiough variability in the participants’
scores that allow us to provide strict conclusiand the overall scores obtained were
quite low. Considering the relevance of the indixd variables state-anxiety,
depression, and chronotype to cognition (e.g., €i#ss et al., 2009; Fabbri et al., 2017;
Lapointe et al., 2013), future studies should malaiig them intentionally while
adopting correct procedural measures [e.g., thepgr@ontrasting on these variables
and with an adequate variability should be creatgutiori and then, have each group
participate in the experimental sessions while ri@iey the counterbalancing versions
in each group; Hahn et al. (2012)].

We believe that work following a more ecologicppeoach, such as the one here
presented can inform practical implications withigher validity. For instance, learning
activities by children and adolescents, which amesthy conducted in classrooms that
present a high-load visual surrounding environmean, be impaired and their learning
gains weakened, particularly when they involve eispatial information. Although
Fisher et al. (2014) used younger children, oudifigs could validate their results:
when in a decorated-classroom, learning gains gemaller because the high-load

visual environment could have been harmful to nmsic cognitive abilities. In older
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adults, for instance, our results could have irstene the area of (neuro)psychological
assessments. Given that these individuals seene teebsible to the environmental
elements, a clinical assessment performed in a -lb@gh visual surrounding
environment, particularly when visuo-spatial stimare involved could be misleading
and, thus any proposed treatment base on thatsassesmight not be the best for that
person (Rodrigues & Pandeirada, 2015). In a mopdexpcontext, older adults driving
in a road heavily surrounded by visual stimulatiam have difficulties in selecting the
most important information (specific responses pecsic stimuli) and in inhibiting
irrelevant information (using computerized roadk&sSalvia et al., 2016). In research
settings, our results could have important impiara, particularly when collecting data
from children, adolescents, and older adults. Imeotwords, the organization of the
surrounding environment can impact the resultsnnoticed forms and influence the
results; this should begin to be a methodologitehent of concern to researchers.

In our study, we tried to maximize the potentiallience of the surrounding
environment by presenting stimuli that would bandérest to the participants. To this
end, we conducted a pilot-study which enabled ugnth for each age group, a set of
stimuli they considered most interesting. Thermsti were displayed in a way to make
these specific sets more visible to the correspandjroup while, at the same time,
exposing the participant to other stimuli of lesterest to them. We believe, however,
that this is a good start for future research #taduld replicate this experimental
paradigm with different environmental manipulatiorfsor example, the level of
“distractibility” of the surrounding environment wad be manipulated using low,
intermediate, and high levels of visual load. Thuld mimic the type of manipulation
of the load of distractors used in the typical s#gadn which targets and distractors are
in the same display (Lavie, 2010). Furthermore,study focused on visual stimuli and
stimuli of other sensorial modalities (e.g., auditstimuli) could also be explored using
our proposed paradigm.

Potential issues with the current study shoulddresidered. We can reflect about
a possible ceiling effect (e.g., correct responses)) floor effect (e.g., false alarms) in
the case of the young adults which could have dichithe potential effect of our
manipulation in this age group. Given that we caeld a cross-sectional study and
wanted to directly compare performance acrossgalgroups, the tasks were created in
a way that would be feasible for all age groupst @ption to administer the same task

to all participants was based on other studies Brmle & Logie, 2013; Kim et al.,
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2007). An alternative methodological option in figstudies would be to present tasks
with different degrees of difficulty according tioet age group being tested. This would,
however limit the direct comparison among groupisaliow a clearer understanding of
the effect within each age group. Also, groups radliy differed in sociodemographic
characteristics, such as educational level; inUgalt the vast majority of the young
adults has (at least) thd' @chool year, but for instance, children aged 8dérs are
still attending the ¥ and 4" school years. We can speculate about the potential
influence of this variable in our results and fetustudies should consider this
possibility. However, in cross-sectional studieswgssuch different age groups, it will
be very hard (if not impossible) to match particifsain the number of school years.
Future studies could also introduce objective mess of “distractibility” that

would allow us to better understand how our mamipoh of the surrounding
environment is affecting performance. An examplaidde to include a measure of
eye movements and fixations (e.g., D'Andrea-PeRramk, Heatherton, & Tse, 2017).
Video recording of the sessions could also provedevant information on the effect of
the surrounding environment in people’s performgeterisher et al., 2014).

The outcome of this project suggests that thagigm presented in this work is
a promising one. As noted in our preamble, the neeadevelop procedures that bring
the laboratory closer to real life has been waeaiior a long time (Gibson, 1979). This
was one of our aims: to provide more ecologicaivigl to the study of distraction by
employing distraction in a way that more closelymas what happens in day life.
However, given that little is still known aboutgtprocedure and how our environment
manipulation influenced the performance on the dogn tasks we used, more
empirical evidence is needed. We see this work staréing pointto a series of future

studies that should further explore this paradigm.
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Introduction

Anxiety is an emotion with adaptive functions thgpically includes cognitive,
physiological and behavioral manifestations. Howewden this emotional response is
excessive it becomes a pathological condition (BeeKnappe, & Pine, 2009).
Particularly in children and adolescents, anxietyoiers have negative impact in
various areas such as in cognitive and academforpance, and in social life (e.g.,
Mazzone et al., 2007; Settipani & Kendall, 2013)rtRermore, this type of disorder is
amongst the most frequent psychopathologies in yages and is related to a higher
probability of experiencing anxiety problems latar adulthood (Merikangas,
Nakamura, & Kessler, 2009), as well as of sufferdrgm other pathologies such as
depression or substance abuse (Wu et al., 201@erstanding the anxiety reactions of
children and adolescents in their everyday livesrigial to help them deal with those
situations, to prevent the development of clinibahditions, and to avoid the negative
consequences these might have. Using appropriateuments that allow a reliable
assessment of anxiety states is essential to acthiege goals.

The State-Trait Anxiety Inventory for Children (ST& Spielberger, Edwards,
Lushene, Monturoi, & Platzek, 1973) is one of thestused instruments to assess
anxiety in children and adolescents (Seligman, r@ilek, Langley, & Baldacci, 2004).
This self-report questionnaire includes two scdled separately assess the state- and
the trait-anxiety. The first refers to a transit@myotional reaction to a real or potential
stressful event or stimuli, whereas the secondrsefe a more stable tendency to
experience anxiety and is often described as awmithahl difference (Spielberger et al.,
1973). In this work, we focused our attention ie ttate scale of STAIC, hereafter
designated by State Anxiety Scale for Children (8AS

The SASC has been frequently used in research andlimical settings.
Specifically, it has been used to assess the gng@isequences of certain life events
such as the death of a parent (e.g., Raveis, Si&gkhrus, 1999) or having to face
medical procedures (e.g., Li & Lopez, 2004). Thgcpslogical adjustment to specific
treatments has also been tracked with this scatg, (&/echsler & Sanchdglesias,
2013). Studies exploring the relation between stataety, cognitive performance (e.qg.,
Hadwin, Brogan, & Stevenson, 2005), and other acdgserformance (e.g., musical
performance; Ryan, 2004; anxiety when performingris@nd nonsport activities;

Simon & Martens, 1979) have also used it. Althoogjer instruments exist to assess
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the anxiety experienced in specific situations.(eGhildren's Fear Survey Schedule-
Dental Subscale; Beena, 2013), the SASC is a watklwsed scale in a large variety of
domains.

The SASC is composed of 20 items, 10 of which fdated to capture the
absence of anxiety and the remaining 10 to captsifgesence. The former correspond
to the “anxiety-absent” factor and the later to ‘thexiety-present” factor, according to
studies that have explored the factorial structirthis scale (e.g., Dorr, 1981; Hedl &
Papay, 1982). This same factorial structure haa bbéined consistently in validation
studies across the world (e.g., Li & Lopez, 200glydhountaki, Zervas, Karteroliotis, &
Spielberger, 2003). Although the SASC was origindisigned to measure anxiety in
children aged 9-12 years (Spielberger et al., 19if3)an be used with younger and
older children. Indeed, several validation studiese obtained good psychometric
properties for the scale using other age ranges, (&-12Y-old, Li & Lopez, 2004; 9-
15Y-old, Spielberger, Edwards, Lushene, MonturoRl&tzek, 2009).

The popularity of this instrument has motivatedesgshers from around the
world to adapt it for their own populations. Asestsed by various authors, instruments
should be adapted for the culture where they wall Used, because some items or
concepts may be appropriate in a given culture, rmit in another (e.g., Beaton,
Bombardier, Guillemin, & Ferraz, 2000). The SASG leen translated and adapted
into languages such as Brazilian Portuguese (Biagt®80), Chinese (Li & Lopez,
2004), Greek (Psychountaki et al.,, 2003), and S$paniGomez-Ferndndez &
Spielberger, 1990), just to name a few. Overal, ¥halidation studies have reported
good internal consistency as measured by Cronbac{ésy., 84-.85, Li & Lopez, 2004,
82-.87, Spielberger et al., 1973) and good tesssteteliability (e.g., .78-.79; Li &
Lopez, 2004).

Some of these validation studies have also expleeed differences on state-
anxiety motivated by the fact that females tendléwelop higher anxiety levels than
males. However, the results have been inconsistétht some studies reporting a
tendency for higher anxiety in males than in femdle.g., Spielberger et al., 1973),
others reporting the opposite pattern (Gomez-Fele@8. Spielberger, 1990), and still
others reporting no difference between sexes (@sychountaki et al., 2003).

Another variable that has been considered in thdysof state-anxiety and that
has also provided mixed results is age. For exarRsigchountaki et al. (2003) obtained

a significant effect of the academic year (strongdlated to age) on state-anxiety:
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Participants attending the fourth grade reportephicantly less anxiety than those
attending the fifth grade who, in turn, indicatedd anxiety than the participants from
the sixth grade (not significant). However, Day,igtit-1l, EI-Nakad, and Spielberger
(1986) found no influence of grade level on stateiety.

Given the overarching importance of assessing -atateety, the aims of this
study were to translate and adapt the SASC for gaao Portuguese children and
adolescents, to provide its preliminary psychomepioprieties, to test its factorial
structure and to present other validity indicat@revious study has been conducted
in Portugal to adapt and validate this instrumémtthis study conducted by Matias
(2004), during the adaptation process, 10 new items added to the original scale,
resulting in an instrument that differs somewhainfrthe original. Additionally, no
Confirmatory Factor Analysis (CFA) was conductedhat work. Finally, Mind Garden
(owner of the copyrights of the instrument) infodnes of the inexistence of a
European Portuguese version of this scale. Theeprestudy is also justified by the
potential applicability of this instrument as jusviewed. To fulfill our aims, we
conducted the typical translation procedures frbm ariginal instrument and applied
the resulting version to a group of children andlaskcents in two different moments in
time. We also asked participants to report the gmes of any stressors in the two
administration moments. We provide information ¢ treliability of the scale, as
evaluated by its internal consistency (Cronbact);sand temporal constancy (test-retest
reliability) by calculating the Intraclass Corrétet Coefficient (ICC). The factorial
structure was tested via a CFA using several inlégk data analysis section). The
state-anxiety values reported by participants wkgegenced a stressful event in only
one of the moments were considered to providerpnediry evidence of the construct
validity of the data (Li & Lopez, 2004). We predidtthat state-anxiety would be higher
when a stressor was occurring as compared to whems absent. Additionally, we
explored the differences between sexes and amdmplscycle groups; Considering
that the school cycles are naturally related wite,athe later analysis provides
information on the relation between age and anxi¥#y¢ do not provide specific

predictions for these results given the inconsigtnin the literature.
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Method
Participants

The sample included 405 participants aged 8-14sy@éuye = 11.41,SD = 1.87):
202 females Nlage = 11.52,SD = 1.87) and 203 maledMgge = 11.30,SD = 1.86).
Participants were recruited from 7 schools of theeifo district and were attending
three different school cycles. According to thetBguese education system, the first
cycle includes grades 1-4, the second cycle inslgglades 5 and 6, and the third cycle
includes grades 7-9. In our sample, the group fthe first school cycle included
students attending the third and fourth grades @06 24.7% of the full sampl&age=
8.87; SD = 0.69). The group from the second school cyclduged students from
grades five and six (N = 78; 19.3% of the full séenM,ge= 10.49;SD= 0.73). Finally,
the group from the third school cycle included stug attending the seventh and eighth
grades (N = 227; 56.0% of the full sampMage = 12.85; SD = 0.79). Six other
participants were excluded because they turneceabsyduring the study (N = 2) or did
not complete the two phases of the data colledtirs 4). Schools were selected by
convenience but, in an effort to increase the pr@tiveness of our sample regarding
different educational environments, we includedligudnd private schools, as well as
schools from rural and urban areas. The study wdakodzed by the Portuguese
Directorate-General for Education and by the schdicdctors. Only students with
previous informed consent from their parents and afyreed to participate voluntarily

took part in the study.

Instrument

The SASds one of the independent scales of the STAIC (Beiger et al., 1973)
that assesses the level of anxiety individualseaperiencing at the exact moment they
are responding to the instrument. It includes 2ing and responses are provided by
choosing one of three options that describe how pghsicipant is feeling at that
moment. Most studies argue for a two-factor scCHhe “anxiety-absent” factor includes
items that are formulated to capture the absencamdety (e.g., item 1: “I'm
feeling...” with the response options “very calm”, “calm” arot calm”; items 1, 3, 6,

8, 10, 12, 13, 14, 17, and 20); the lowest, inteliate and highest severity of the

symptom are scored with 1, 2, and 3 points, respdyt The remaining 10 items of the
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scale compose the “anxiety-present” factor andf@mulated to indicate the presence
of anxiety (e.g., item 4: “I'm feeling..® with the response options “very nervous”,
“nervous” or “not nervous”); these are scored ia tpposite manner. The total score
ranges from 20 (minimal anxiety) to 60 points (laghanxiety).

The translation of the SASC into European Portuguesluded the following
four phases: 1) translation of the original questaire into European Portuguese by
two Portuguese researchers highly proficient in liBhg 2) re-translation of our
translated form of the scale into English by angilial English Professor naive to the
original version; and, 3) examination of the tratstl and re-translated versions by two
researchers and one clinical psychologist to adjaoste of the terms considering our
age sample. Finally, in order to ensure the contatdlity of the instrument, a think-
aloud protocol was implemented with 15 participg@tsnales) aged 8-13 yeaild fe =
9.87; SD = 2.26) in group sessions of 2-3 participants.sTlaist procedure led to
additional wording adjustments to ensure the imsémnt was adequate. For example, the
word “troubled” translates directly to “perturbadal’ term not easily understood by our
children; To allow clarification of the term we adtithe expression “muito agitado”
[very agitateyl which was used by participants during the thikdud procedure.
During the entire process of adaptation and vabdabf the instrument, we complied
with all the formal requirements imposed by Mindr@, Inc, owner of the copyrights

of the instrument.

Procedure

The scale was administered in groups of 12-28 @patnts under the supervision
of one of the authors in sessions lasting approtaiyna 5-20 minutes (the SASC was
included in a battery of instruments administered each group of participants;
according the aims of this paper, we only repoet diata from the SASC). This same
procedure was repeated 3-4 weeks later for thetragsessment. In both sessions, after
completing the questionnaires, participants wete@do indicate (written response)

any recent event that worried them or any stressfeiht they were still experiencing.

Data Analysis

The factorial validity of the instrument was asselsshrough CFA using the
Weighted Least Squares with Mean and Variance adgrg (WLSMV; Finney &
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diStefano, 2006); These analyses were conducted MiPlus 7.4 (Muthén & Muthén,
2012). This estimator relied on the polychoric etation matrix given the categorical
nature of the scale (Lorenzo-Seva & Ferrando, 2014¢ overall goodness-of-fit of the
factor model was evaluated using the following iete y* Comparative Fit Index
(CFI); Parsimony Comparative Fit Index (PCFI); Teckewis Index (TLI); Root Mean
Square Error of Approximation (RMSEA); P[rmsea 0.05]; Akaike Information
Criterion (AIC); and, Weighted Root Mean Square (MMR. For each index, we
considered the cut-off points for “good adjustmesd”defined by Maréco (2014, p.51;
see note in Table 1). Sex invariance was testedgusiie x* difference test for
categorical variables. These analyses were alstucted using M-Plus 7.4 (Muthén &
Muthén, 2012). The local adjustment was estimatethé factor weights and individual
reliability of the items. The Composite Reliabilignd Average Variance Extracted
(AVE; Convergent and Discriminant Validity) for dadactor were evaluated as
described by Fornell and Larcker (1981). In religbanalysis, the internal consistency
was evaluated by Cronbachisand the temporal constancy (test-retest religpibity
the Intraclass Correlation Coefficient (ICC).

An independent samplegest and one-way ANOVA were used to evaluate the
relationship of sex and school cycle in SASC totalsspectively (two-tailed
significance levelp < .05). We also explored if sex influenced thaitsson each factor
considering that the two-factor structure was coméid for the two sexes (repeated-
measures ANOVA). The difference in state-anxietysidering the presence/absence of
a stressor was calculated using a paii+est. These analyses were carried out with IBM
SPSS (v.22).

Results
Construct Validity

The construct validity was evaluated by considethmg factorial, the convergent
and the discriminant validities. Regarding the dael validity, we compared different
factorial solutions using CFA with the WLSMV estitnaand a polychoric matrix. We
started by considering a one-factor solution givbe initial formulation of the
instrument. Then, following the theoretical develmmts and previous empirical
demonstrations we tested the two-factor model ,(&grr, 1981; Psychountaki et al.,
2003). The former revealed poor goodness-of-fiexa$, whereas the latter obtained

good goodness-of-fit indexes (see Table 1 for thdexes obtained with these
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solutions). Regarding the WRMR, even though botldei® exceed the recommended
value, the two-factor solution obtained a loweruealthan the one-factor solution,
indicating that less variance would be left unekmd by the two-factor model. Also,
according to the AIC index, the two-factor modebydes the most parsimonious
solution to our data (Mar6co, 2014). Thus, consmdethe overall results, the two-
factor solution reported in other multicultural dites presents a good fit to our data.
Regarding the item loadings, 19 of the items oletihigh factor weightsi(>
0.59; Hair, Black, Babin, & Anderson, 2009) in thvgo-factor model; item 5 was the
only presenting a low factor weight. (= .19) (see item loadings in Table 2).
Interestingly, this same item has obtained lowdagteights in other studies that have
explored the factorial structure of the data (el@pyr, 1981; Hedl & Papay, 1982).
Importantly, the inclusion of item 5 did not pred&i our two-factor solution from
producing good adjustment results. In a CFA corethietith the exclusion of item 5,
the following values were obtainegf(151) = 454.08p < .001; CFl = .94; PCFI = .83;
TLI = 0.93; RMSEA = .070; P(rmsea<=0.05) < .001CA+ 570.08; WRMR = 1.43. In
this solution, all items obtained factor weights 0.59. Given that other studies opted
to maintain the original structure of the scales thct that our data with the full scale
obtained overall good fit to the two-factor modelnd to allow multicultural

comparisons of the scale, we decided to maintarittth scale.
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Table 1.Psychometric indexes obtained in the CFA when denisig one- and two-factor solutions. We also pilevihe results

regarding the test of the measurement invariancgdmder of the two-factor model (dataset-1)

)(2 df CFl PCFI TLI RMSEA P[rmsea <0.05] AIC WRMR

Overall Sample

One-factor 958.27 170 .842 .753 .823 .107 <.001 1078.3  2.101

Two-factor’ 591.77 169 915 .814 .904 .079 <.001 713.8 1.598
Test of the measurement invariance by gender of thevo-factor model

Females 379.04 169 932 .829 923 .078 <.001 501.0 1.320

Males 364.91 169 .904 .804 .892 .076 <.001 486.9 1.296
Configural invariance 762.98 356 .920 .862 915 .075 <.001 971.0 1.865
Full scalar invariance 749.00 374 .926 911 925 .070 <.001 921.0 1.927
Partial scalar invariance 740.71 372 .927 .907 .926 .070 <.001 916.7 1.914

Notes “Model that produced the best indexes. CFI=Compardit Index, good adjustment values between .80-LFI=Parsimony Comparative Fit
Index, very good adjustment values wher80; TLI=Tucker Lewis Index, reasonable adjustmagitveen .80-.90, good adjustment values betwen .9
.95; RMSEA=Root Mean Square Error of Approximatignpd adjustment between .05-.10; AlIC=Akaike Infation Criterion, the lowest the value the
better adjustment. The characterization of theskiegafollows a systemization of the relevant infation provided by Mar6co (2014, p.51).

WRMR=Weighted Root Mean Square Residual, < .90 [nt& Muthén, 2012).
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Table 2.Component loadings obtained in the Confirmatory Igs@s using the Weighted
Least Squares with Mean and Variance adjustmentSMK) estimator (Finney &
diStefano, 2006) (dataset-1)

Component Loadings

One-factor model Two-factor model

Factor 1 Factor 2

ITEM 1 0.603 0.622 ~-
ITEM 2 0.571 = 0.658
ITEM 3 0.558 0.590 -
ITEM 4 0.538 -- 0.652
ITEM5 0.093 = 0.193
ITEM 6 0.628 0.656 ~-
ITEM 7 0.770 -- 0.926
ITEM 8 0.603 0.634 --
ITEM 9 0.666 = 0.794
ITEM 10 0.695 0.721 -
ITEM 11 0.649 -- 0.759
ITEM 12 0.709 0.735 --
ITEM 13 0.789 0.824 -
ITEM 14 0.839 0.874 -
ITEM 15 0.657 -- 0.789
ITEM 16 0.768 -- 0.876
ITEM 17 0.770 0.792 -
ITEM 18 0.600 -~ 0.707
ITEM 19 0.630 -~ 0.735
ITEM 20 0.830 0.849 --

We have also explored whether this two-factor $tmécis stable for both females
and males by testing the configural invariance. iBoldally, we explored the scalar
invariance which tests if the item loadings on eé&attor and thresholds are equal
between groups. Results are provided in Table 1. $aalar invariance was not
obtained because the model fit was significantiymaged by the constraints imposed to
the baseline modelg2 = 29.299df = 18,p = .045). The modification indexes suggest
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that the threshold of item 10 is variant betweesugs, while holding all loading values
similar across groups. A non-significant differerfmetween the partially constrained
and the unconstrained (configural) model was obthiwhen we allowed the variability
of this threshold A2 = 23.27,df = 16,p = .106). Given that we obtained partial scalar
invariance, the mean levels of the constructs @iedmpared (Hair et al., 2009). No
similar test was made for the different school eygtoups given the inadequate sample
size of the groups (i.e., < 200; Dimitrov, 2010).

The convergent validity of the two-factor model, assessed by the AVE,
revealed the value of 0.54 for both factors (“atygbsent” and “anxiety-present”), a
value higher than that usually regarded as adeq@at®@5; Hair et al, 2009). The
discriminant validity was calculated by comparirge tAVE of each factor with the
square of the correlation between the two factors (639) (Anderson & Gerbing,
1988). The later valuer{ = 0.41) was lower than the AVE values obtaineddach

factor confirming their discriminant validity.

Reliability

The results regarding the internal consistency ri@ach'sa) and the test-retest
reliability (ICC) for each factor are presentedTiable 3 for the total sample and also
according to sex and school cycle of the partidgpaBoth factors obtained a good
internal consistency with alpha values well abdwe &cceptable cut-off value of 0.7
(Nunnally & Bernstein, 1994). This same concluswas obtained when the analysis
was run using dataset-2 (Cronbach'yiety Absent0.90, Oanxiety presenrt0.83; Further
information about other results obtained using sktt& can be obtained by contacting
the corresponding author). The ICC values are aigher than the cut-off points
defined by Fleiss, Levin, and Paik (2003) for anegtable test-retest reliability (04
ICC < 0.75). Regarding the composite reliabilityhigh reflects the internal consistency
of the items within a factor, for the two factohe tvalues were above 0.70 indicating an

appropriate composite reliability (GRiety-absen= 0.921; CRnxiety-presen= 0.916).

Descriptive Values, Sex and School Cycle Groups

The overall mean score obtained was 293D £ 5.70). The descriptive values
broken down by sex and school cycle are presentd@ble 3. Although girls reported

experiencing higher levels of anxiety than boys thifference was only statistically
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marginal, t(403) = 1.85,p = .07, d = 0.183. The repeated-measures ANOVA
considering the two factors (within-subject vargbland sex (between-subjects
variable) confirmed no significant effect of sex materaction,F(1,403) = 3.42MSE=
16.15,p = .065, andF(1,403) = 1.70,MSE = 12.05,p = .19, respectively, but a
significant effect of factorF(1, 403) = 653.51IMSE = 7.10,p < .001,;7|02 = .62; The
latter reflects a higher score of the anxiety-absencompared to the anxiety-present
factor (see Table 3). Regarding the school cycteigs, the participants from the first
cycle reported higher anxiety those from the reimgirgroups. Participants from the
third cycle also revealed higher anxiety than pgréints from the second school cycle.
However, a one-way ANOVA revealed a non-significefiiéct of school cycle on state-
anxiety,F (2, 402) = 1.25p = .29. This comparison among school cycle groinosiisl

be considered only exploratory given that we ditl test measurement invariance for

these groups.
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Table 3.Descriptive data and reliability measures of theSE for the total sample, as well as accordinghmdex and school cycle of

the participants (dataset-1)

Descriptive Data

Mean (SD): Total Scale

Mean (SD): Factor 1 - Anxiety absent

Mean (SD): Factor 2 - Anxiety present

Reliability Measures

Factor 1: Anxiety absent
Cronbach’sy

Test-retest reliability (ICC)

Factor 2: Anxiety present

Cronbach’'sx

Test-retest reliability (ICC)

School Cycle
Total Sample Boys Girls 1% cycle 2" cycle 3% cycle
(N = 405) (N=203) (N=202) (N = 100) (N =78) (N = 227)
29.43 28.91 29.95 30.12 28.79 29.34
(5.70) (5.25) (6.09) (6.66) (5.51) (5.29)
17.11 16.72 17.49 16.53 16.37 17.61
(3.92) (3.90) (3.92) (4.24) (3.80) (3.76)
12.32 12.18 12.46 13.59 12.42 11.73
(2.83) (2.62) (3.02) (3.51) (2.68) (2.31)
.863 .859 .865 .858 .859 .867
.796 784 .804 .769 .823 791
.780 .751 .804 .801 .756 .762
.720 .680 .750 .633 .819 .715

Notes: The f' cycle group includes participants attending thedtand fourth grades; thé'®cycle group includes participants attending ttfign fand sixth

grades; the"3cycle group includes participants attending theeséh and eighth grades.
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Stressful Event and State-anxiety

The comparison between the anxiety levels repovden a stressful event was
occurring with those obtained in the absence dfessor indicates whether the instrument is
sensitive to the presence/absence of specificsstresin our sample, 93 participants reported
experiencing a stressful event in only one of thlniaistration moments; 35 of the
participants reported the stressor in the first 88dn the second administration. A paited
test revealed that in the presence of the stregsoticipants reported significantly higher
anxiety than in its absenchkl = 29.1,SD=5.9; andM = 27.8,SD = 6.3, respectively}(92) =
2.07,p = .041,d = .215. This result was also confirmed when sex we@ssidered as a
between-subjects variable in a repeated-measurég3\VAN Specifically, a significant main
effect of stressor was found(1,91) = 4.52MSE= 17.29,p = .036,7,°= 0.047, but the main
effect of sex and the interaction were non-sigaifitc bothFs<1 (see descriptive values by
sex in Table 4). These results should be seen pratory given the small number of

participants involved.

Table 4.Mean (and SD) values obtained for females and nvalhes a stressor was present
and absent. We also provide information on the $asige and mean age (datasets-1 and -2)

N Mean Age (SD) With stressor Without stressor
Total 93 11.44 (1.75) 29.1 (5.9) 27.8 (6.3)
Females 51 11.41 (1.79) 29.3 (5.2) 28.4 (6.1)
Males 42 11.48 (1.73) 28.8 (6.8) 27.1 (6.6)
Discussion

This study presents an initial adaptation for Eeap Portuguese children and
adolescents of the SASC. Our data revealed goodhpeyetric properties. No significant
differences were found between sexes in our sarmaplesult that is consistent with previous
validation studies (e.g., Day et al., 1986; GOomemBndez & Spielberger, 1990;
Psychountaki et al., 2003), and the original w@bkiélberger et al., 1973). Nonetheless, sex
differences are typically observed on the morelstedalividual difference of the propensity to
react anxiously to stressor events (trait-anxietyjh females reporting higher anxiety than
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males (e.g., Day, et al., 1986). Researchers hemgoped possible explanations for these
observed differences in trait-anxiety (e.g., malesusually less willing to admit their fears or
emotions; Nakazato & Shimonaka, 1989), but less been explored about state-anxiety
given the inconsistent pattern of results repoiretie literature as noted in the introduction.

The state-anxiety levels did not differ signifidgnamong our school cycle groups.
Given that these groups differ naturally in agehvparticipants attending the first cycle being
the youngest and those attending the third cyclagbthe oldest, comparisons among our
groups are somewhat informative about the reldigtween age and state anxiety. The results
from previous studies have been mixed with somédiesureporting a tendency for older
participants to experience more state-anxiety ti@nyoungest (Psychountaki et al., 2003),
whereas others have reported no influence of thimble (e.g., Day et al., 1986). We should
note that the age range in our study was wider itnamost of the reviewed studies (e.g., Li &
Lopez, 2004; Psychountaki et al., 2003); This al@better developmental characterization
of the state-anxiety but, at the same time, lintits discussion of this result. Also, the
contribution of our analyses to this debate shdaddninor considering we were not able to
evaluate measurement invariance. The absence efstemt differences among age groups
could be related to the fact that this scale mos#ptures anxiety reactions to specific
stressors, and exposure to stressors differs graatbng people and across time. Although
the relation between age and state-anxiety is abimell established, authors have stressed
that the childhood and adolescence periods areegmtihe development of anxiety symptoms
and should be fully characterized; to this endjdeaéd instruments to assess anxiety are
crucial (Beesdo et al., 2009).

Regarding the factorial structure, the CFA of twe-factor model provided a good fit
for our data, corroborating validation studies frother countries (e.g., Li & Lopez, 2004;
Psychountaki et al., 2003) and supporting the rolass of the instrument. We should note,
however, that we did not explore alternative measient models but rather tested if our data
conformed to the model typically reported in therature. Our data revealed good internal
consistency as well as good test-retest reliabilitye Cronbach’s alphas obtained for the two
factors were good and higher than or similar taséheeported in other studies (e.g., GOmez-
Fernandez & Spielberger, 1990; Psychountaki et2803; Spielberger et al., 1973). This
applies for the total sample, as well as separdtelgach sub-group regarding sex and school
cycle. Similarly to the original study (Spielberget al., 1973), we verified that the
Cronbach’s alpha was higher for the female thantiermale participants. Good reliability

values were also obtained with dataset-2 which igesv further evidence of its validity.
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Regarding the temporal stability, we obtained tet#st reliability values that are similar to
those reported in some other validation studigboabh also somewhat higher than others
(see Table 5). This result was not surprising fergiven that, considering an informal
analysis of the question regarding the presencepeftific stressors in each assessment
moment, the large majority of our sample (77%) reggbno change in the presence/absence
of particular stressors between the two assessmentents. There is also some variability
across studies in the intervals between the tésstrenoments which could mediate these
differences.

The consideration of the influence of a specifiestor on state-anxiety provides
additional preliminary evidence for the construelidity of the scale. Specifically, higher
anxiety was reported when participants were dealiit a specific stressor as compared to
when no stressor was present. Previous studiesgravaled similar results. For example, in
Li and Lopez (2004), participants’ state-anxietyswagher prior to being submitted to an
examination period at school, as compared to ageiorming such examination. Both in our
and in Li and Lopez study, females and males sed¢mbd equally affected by the presence
of the stressing event. This form of validity shibdde further explored in other studies by
“exposing” participants to controlled stressors.

This study presents an initial adaptation and wdilish for Portuguese children and
adolescents of one of the scales most used in tinkel i0 assess state-anxiety (Seligman et
al., 2004). As noted, anxiety is present in varidosnains of our children and adolescents’
lives (Li & Lopez, 2004; McDonald, 2001) and hasnyagotential long-term effects (see
discussion of Psychountaki et al., 2003). Besidlasf #&he potential practical applications this
instrument might have, it will also be very usefidr general and, particularly, for
developmental research. In Portugal, we already laavalidated form of the State Anxiety
Scale for Adults for the ages of 15-69 (Silva & &perger, 2007). Providing a validated form
of the corresponding instrument for the ages o#8wlill allow researchers and practitioners
to evaluate the same dimension across time ustogngarable measure. Similar cases can be
found in the literature: In Biaggio’s (1985) studyxiety in children and adults was measured
using the two versions of Spielberger’s instrumdritis possibility adds validity to these
kinds of studies. The psychometric properties waorefor our scale are promising and
indicate this is an appropriate instrument to asstgte-anxiety in Portuguese children and
adolescents. We should point to the limited gedgagb provenience of our sample and the
lack of a concurrent validity test to propose thather studies should be conducted to fully

establish the validity of this scale.
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In conclusion, we present an initial validationtbé SASC for European Portuguese
children and adolescents with very positive psychinit properties and good adjustment to
the two-factor model proposed in the literaturevesi the overarching importance of state-
anxiety and the wide variety of contexts in whi¢his relevant, this instrument will be

extremely useful in applied settings as well asesearch.
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Table 5.Summary of the mean values obtained for the SABD@pE&ch’sa and test-retest reliabilities reported in our aimdother studies

Mean State-Anxiety Cronbach’sa o
_ _ Test-retest reliability
Age-range Boys Girls Boys Girls
.86 (factor 1) .87 (factor 1) .75 (factor 1)
-14 28.97 29.94
OUR STUDY 8 8.9 9.9 .75 (factor 2) .80 (factor 2) .73 (factor 2)
.84 (factor 1) .85 (factor 1) .65 (factor 1)
(a) -
Greek 912 2799 21.98 .85 (factor 2) .82 (factor 2) .67 (factor 2)
Original ® 9-12 31.00 30.70 82 87 31 (M) /.47 (F)
Matias'® 9-15 29.18 29.97 .86 .88 .35 (M) / .68 (F)
Brazil @ 4"-6"gradé  30.35-3.89 29.41-37.04 84 .66
Spain® 3% gradé& 35.26 36.32 78 .87 n/a
Chinesé” 7-12 25.4-6.93  25.20-36.12 .84-.85 78-.79

Notes:@Psychountaki et al. (2003)'Spielberger et al. (1973fMatias (2004)®Biaggio (1980)°Gémez-Fernandez and Spielberger (1990)i & Lopez, 2004);
SRefers to KR-20 indexin the Brazilian Education System™8" grades frequently include children aged 9-13M: the Spanish Education Systent' grade
commonly includes children aged 8-9Y; *Data obtdidering the periods without the stressor; (M) Malg) Females.
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Abstract

The State-Trait Anxiety Inventory for Children iself-report instrument inspired
on the State-Trait theory extended by Spielberjat measures a momentary state of
anxiety (state) and a stable tendency to experiangiety (trait). This study presents an
exploratory adaptation of the Trait Scale and mesiits psychometric properties for
European Portuguese children and adolescents.nflnence of sex and age were also
explored. Our sample, composed of 402 participagesl 8-14 years, revealed a mean
anxiety value of 28.379D = 5.99). As expected, females revealed higher $eoél
anxiety than boys. Higher anxiety was obtainedun ypungest group as compared to
the oldest group. The exploratory factor analysi o retaining only 16-items that
presented acceptable adjustment to a one-facswiiafion. Good indexes were obtained
in the confirmatory analysis. The results also ade® good internal consistency and
good test-retest reliability. Our results providdial evidence that this scale is adequate

to measure trait-anxiety in European Portugueseyqeople.

Keywords: Trait Anxiety; Trait Anxiety Scale for Children (TASC); European

Portuguese children; European Portuguese adolesgmychometric proprieties
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Introduction

Anxiety is an essential brain response that allowisviduals to adapt to real or
potential threats. However, sometimes this respassexcessive and maladaptive
becoming a psychopathological condition (e.g., Peri& Corr, 2014). Particularly in
children and adolescents, anxiety disorders are ofiethe most common
psychopathologies that negatively impact variowsasir(e.g., Mazzone et al., 2007).
Additionally, when occurring at young ages, theydt¢o prevail into adulthood and are

also frequently related with other psychopatholsdieesdo, Knappe, & Pine, 2009).

The State-Trait Anxiety Inventory for Children (&IC; Spielberger, Edwards,
Lushene, Monturoi, & Platzek, 1973) is widely usedassess anxiety in young people
(Beesdo et al., 2009). This instrument includes itvdependent scales: The State Scale
- aims to measure the current feelings of anxiatyl the Trait Scale - assesses a more
stable and long-lasting tendency to experienceeanxi his work focused on the latter,
henceforth designated Ayait Anxiety Scale for Childre(TASC).

The TASC has been used in various research areasirtg its utility to measure
children and adolescents’ anxieljor example, it has been used to characterizecalini
and non-clinical samples in studies on anxiety mdies and to assess the effectiveness
of intervention programs (e.g., Seligman, Ollenditkngley, & Baldacci, 2004). In
health-related settings it has been useful to aspsgchological adjustment (e.g.,
Wechsler & Sanchelglesias, 2013). Studies exploring the relatiowleetn anxiety and
cognitive performance have also used this instrar(eeg., Owens, Stevenson, Hadwin,
& Norgate, 2014). Finally, professionals dealingthwvanxiety-related problems in
clinical and educational settings frequently us@gychountaki, Zervas, Karteroliotis,
& Spielberger, 2003). Thus, the potential utilitiy this instrument is as large as the
variety of these examples.

The TASC has been translated and adapted into adelarguages, such as
Brazilian Portuguesé (Biaggio, 1980), Spanish (Gémez-Fernandez & Spighue

" One could question the need to adapt this instntiimto European Portuguese considering
the existence of a Portuguese Brazilian versioms@ering that the two countries have
substantial cultural (Brazil is mostly influenceyg & South-American culture, whereas Portugal,
being a European country, has a western cultue)weall as language differences (both
grammatically and in typical expressions), the Biaz version would not be appropriate to
evaluate trait-anxiety in European Portuguese mhiléind adolescents.
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1990), Greek (Psychountaki et al., 2003), and Gleir&i & Lopez, 2004), with most
studies revealing good psychometric proprietiesdi#dahally, when applicable, these
studies have supported the one-factor solutioh®ftale proposed in studies that have
specifically assessed its factorial structure (€&%uberty, 1993; Dorr, 1981; Hedl &
Papay, 1982). A couple of adaptation studies haen lzonducted in Portugal but they
do not provide a full psychometric characterizatidrthe scale. Specifically, Dias and
Goncalves (1999) only reported Cronbach’s alfa aseasure of reliability; Neither this
study nor the one by Matias (2004) presented a i@oatiory Factor Analysis (CFA).

The current work aims to overcome these limitations

Developmental research and practitioners will &lspefit from this instrument as
the analogous instrument to assess anxiety in 1$e@@s-old individuals - the State-
Trait Anxiety Inventory (STAI; Spielberger, Gorsydtushene, Vagg, & Jacobs, 1983)
- has been validated in Portugal and is widely ySglda, 2003). Providing a validated
TASC for young ages will allow practitioners andsearchers to use a similar
instrument to assess trait-anxiety across differdetelopmental periods. Although
TASC was originally designed for ages 9-12, it barused in younger or older children
(Spielberger et al., 1973). We chose the age rafigg-14 years to cover a wider
developmental period and to potentiate the utiifythe instrument. Thus, a similar
instrument to assess trait-anxiety in ages 8-6Bbetome available which will improve
the reliability of developmental comparisons. W&rawledge, however, the existence
of alternative instruments in Portugal to assesseénin children which differ in many
respects (e.g., CMAS-R-Dias & Gongalves, 1999; SEBFR-Pereira & Barros, 2010).

In this study participants responded to the scaledwo different moments
allowing us to assess its test-retest reliabilitiie following aims were pursued: (1)
translate and adapt the TASC for European Portegokidren and adolescetits(2)
provide its preliminary psychometric properties) €¥aluate its factorial structure via
Exploratory Factor Analysis (EFA) using the firginainistration data (data-set-1), and

'8 During the entire process of adaptation of thérimsent, we complied with all the formal
requirements imposed by Mind Garden, fhawner of the copyrights of the instrument which,
when contacted, informed us of the inexistence whlalated European Portuguese version of
this instrument. We also thank Mind Garden, Infar their sponsorship of this project and
Professor Ana M. Costa (University of Aveiro) fartcontribution to this translation process.
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then confirm it using CFA with the second admirdtton data (data-set-2); and, (4)

assess anxiety differences between sexes and aagergyoups.

Method

Participants and procedure

Participants aged 8-14 years were recruited frowerseschools of the Aveiro
district (Portugal)’. Schools were selected by convenience while pingigarticipants
from different educational environments. Previousnsent for participating was
obtained from the participant’'s guardians and ftbmparticipants (for more details see
Supplementary Material [SM]-1). The characterizatmf the sample is presented in
Table 1. The scale was administered in groups eR8 darticipants by one of the
authors in two independent sessions lasting apmrately 15-20 minutes (interval
between test-retest was 3-4 weeks).

20
Measures

The TASCincludes 20-items that describe anxiety experigreeperson might
experience (e.g., item 6-“| worry too muéh” For each item, participants choose one of
three options that indicate how often they expeeetine described situation - “hardly-
ever’, “sometimes” or “often”; these options areorsd with 1, 2, and 3 points,

respectively (total score range: 20-60). Higherasandicate higher anxiety.

The translation of the TASC included four phasé3:t{anslation of the original
questionnaire to European Portuguese by two of ahiors highly proficient in
English; (2) blind back-translation by an Englishofessor from the University of
Aveiro; (3) examination of the translated and nestated versions and adjustment of
some of the terms by two of the authors highly iprefit in English; and, (4)

implementation of a think-aloud protocol by two pisglogists with clinical experience

9 A special acknowledgment is made to the group atiosls from Agueda, Agueda-Sul,
Aveiro, Estarreja, Murtosa, Oliveira do Bairro, €gio Frei Gil, and Colégio D. José |, for their
collaboration in this study. We also thank the alodiration of Ligia Ribeiro and Patricia |.
Marinho for their assistance in the data collection

© 1970 Charles D. Spielberger. All rights reservadall media. Published by Mind Garden, Inc.,
www.mindgarden.com
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with 15 children and adolescenM (.= 9.87;SD = 2.26) to assess understandability of
the items.

Results

Overall results, sex and age groups comparisons

A description of the conducted analysis is presemeSM-2 and the raw database
corresponds to SM-6.

Our sample revealed an anxiety mean score of Z&B% 5.99) for the 16-items
scale (see analysis below), with scores non-noyndiBtributed (Skewness = .386;
Kurtosis = -.054). The overall descriptive datakeno down by sex and age groups and
the corresponding normality tests, are presentspetively, in Table 1 and in SM-3.
An independent sampldgest revealed significantly higher anxiety valuesdemales
than in malest(394.3) = 3.89p < .001,d = 0.39. Additionally, the Oneway ANOVA
revealed a reliable main effect of age grok(2,399) = 6.10p = .002,up2= .03; The
pairwise comparisons between groups revealed that younger group reported
significantly higher levels of anxiety than the eldne p = .002); no other significant

differences were obtained for the remaining consoeus (lowesp = .348).

Table 1 Sample and sub-samples sizes and percentagegHeotatal sample. The Means and Standard
Deviations regarding age, as well as the total-tnakiety score obtained from the 16-items scale atso
presented for the total sample and according t@eexage groups.

Groups Age TASC Totals
N % Mean SD Mean SD
Total Sample 402 100 11.40 1.87 28.37 5.99
Sex
Girls 202 50.25 11.50 1.86 29.51 6.25
Boys 200 49.75 11.29 1.87 27.23 5.49
Age groups
Youngest 101 25.12 8.88 .70 30.02 5.44
Intermediate 75 18.66 10.43 .62 28.60 6.09
Oldest 226 56.22 12.84 .78 27.56 6.05

Note: See more details regarding the definition of the groups in Supplementary Material 1
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Factorial Structure?

First we conducted an EFA using data-set-1 and, taeGFA using data-set-2.
Given the categorical nature of the scale, andviblation of multivariate normality in
both datasets (Mardia's Test; glp = 33.897, 926 3; chi.skew = 22271.1B,<
.001; z.kurtosis = 5.726 < .001, for data-set-1; Mardia's Test; glp = 36,15 =
471.931; chi.skew = 2422.396,< .001; z.kurtosis = 10.79p,< .001, for data-set-2),
the Weighted Least Squares with Mean and Variadgesanent (WLSMV; Finney &
DiStefano, 2006) estimator, which relies on theypobric correlation matrfk was used
in both analyses. Analyses were conducted usindgud-P4(Muthén & Muthén, 2012).
The screeplot analysis indicated retaining a marinofi two factors. Both the 1- and 2-
factors solutions achieved acceptable global adiest. Given that the confidence
interval for the RMSEA overlapped between thesatsmis, because a 1-factor solution
has been put forward in the literature, and lookimigthe most parsimonious model
(Fabrigar, Wegener, MacCallum, & Strahan, 1999),opted for the 1-factor solution
X?(170) = 395.348p < .001;X%df = 2.326; CFI = .908; PCFI = .81; RMSEA = .057;
P(rmsea< 0.05) < .049) (see also SM-4). Considering a mim loading of .40, items
8, 11, 15 and 16 fell below the criteria for praatisignificance (Hair, Black, Babin, &

Anderson, 2014). Their exclusion led to an accdptadactor solution via an EFA.

To confirm the 16-items one-factor solution obtair®y the exploratory method,
we conducted a CFA using data-set-2. This modeéaled an acceptable global
adjustment,X}(104) = 340.431p < .001; X¥df = 3.273; CFI = .927; PCFI = .803;
RMSEA = .075;P(rmsea< 0.05) < .001. All the items reached high factoighies . >
.5) and appropriate individual reliabilities{R.25), showing good local adjustment and
indicating to be a reflection of the latent fadi@ing measured (Mar6co, 2014) (see also
SM-4). Importantly, by eliminating these 4-items wely lose 4.2% (adjusted?R-
.958) and 3.5% (adjusted?R .965) of the explained variance of the final scaith 20-

items from data-set-1 and data-set-2, respectively

* We would like to thank one of the reviewers folling our attention to this issue.
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Reliability

To evaluate the reliability of the 16-items scalge assessed the internal
consistency (Cronbachtg, the test-retest reliability (Intraclass CorrlatCoefficient-
ICC) and the composite reliability (construct rbllay using the method of Fornell &
Larcker, 1981) (see Table 2). We obtained a gotafnal consistency considering our
overalla > .80 (Nunnally & Bernstein, 1994). The overald®@alue was above .75, the
cut-off point defined by Fleiss, Levin, and Paild@3) for a good test-retest reliability.
The composite reliability value above .70 (G& = .915) indicates an appropriate

construct reliability.

Table 2:Internal consistency and reliability data of theiteBns model of TASC for the total sample, by
sex and by age groups.

Total Sex Age Group

Sample  Boys  Girls  Youngest Intermediate Oldest
Cronbach’'sy 873 .864 .875 .853 .885 .879
Mean inter-item 301 286  .304 264 332 313
correlation
Mean corrected item-

. 510 495 514 474 541 523
total correlation
Test-retest reliabilit
estretestreladliy 757 706 785 712 832 757
(ICC)
Discussion

This study presents preliminary evidence for aal#é and valid scale to assess
trait-anxiety in European Portuguese children asholescents. We performed a proper
translation process and a CFA, elements lackindpenprevious Portuguese validation
studies. Our participants reported overall anxietyels similar to those obtained in
other countries (e.g., Greece) as well as in thetmexent Portuguese study by Matias
(2004) (see a brief summary in SM-5).

Our result of higher anxiety in females than makgonsistent with previous
validation studies (e.g., Matias, 2004; Psychoungalal., 2003) and with studies that
specifically explored sex differences in anxietyg(e Chaplin & Aldao, 2013). This

result confirms that our instrument is sensitiveséx differences which contributes to
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establish its validity. The influence of age oniahxis less consensual in the literature.
In our study, only the youngest group reported ifigantly higher anxiety than the
oldest which diverges from studies where no difieess were found (e.g., Matias,
2004). However, the anxiety reported by the Youhges Intermediate age groups did
not differ significantly which is consistent withther work (e.g., Psychountaki et al.,
2003). Older participants tend to exhibit highexiaty than younger children (Kozina,
2014), but few studies have compared age groupsasite ours which limits our

discussion of this variable.

The exploratory analysis revealed that 4-items midl organize into coherent
factors. The remaining 16-items saturated in a isteT® way to a single factor. The
one-factor solution of the 16-items was confirmedithwgood global and local
adjustments. Previous studies that specificallietbthe factorial structure of this scale
(e.g., Cross & Huberty, 1993; Dorr, 1981; Hedl &Bg, 1982), and other validation
studies (e.g., Chinese-Li & Lopez, 2004; Greek-Reyataki et al., 2003) have also
argued for a one-factor structure. Although theyima@ned the 20-items instrument,
their factorial analyses indicated that some itehasnot adequately saturate the one-
factor solution. Interestingly, three of the 4-ieme excluded, namely items 8, 15 and
16, have consistently failed to reach a reasonsaleration level in several of these
studies (e.g., Cross & Huberty, 1993; Dorr, 198Jtisk, 2004; Psychountaki et al.,
2003). The other item differs, though, which cobédrelated to cultural differences, one
of the reasons underlying the need to adapt ingnisnfor the population of interest

(Beaton, Bombardier, Guillemin, & Ferraz, 2000).

This 16-items scale revealed good internal andre&tsst consistency. These
values are generally better than those obtaingtiarabovementioned studies without
losing a significant amount of the explained vacar(see SM-5 for a summary of

similar reliability indexes reported in other stes).

We propose an adaptation of TASC for European Bodse children and
adolescents. These results should be taken as iaal @mdaptation given a few
limitations of the study such as the circumscrilggabgraphical provenience of our
sample and the lack of a concurrent validity tEsture studies including samples from
other regions of Portugal and exploring the corenrivalidity of this scale, would
contribute to establish its validity. The universabhge of this instrument speaks for its

overarching impact in the study and consideratibthis individual characteristic that
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plays a major role in a wide variety of contextsov®ding validated instruments for
other researchers and professionals wishing tsass®iety is quintessential to assure
the adequate study of this characteristic.
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Supplementary Material 1

Detailed characterization of the Participants

Our sample included 402 children and adolescerdd 8¢gl4 years recruited from
schools of the Aveiro district (Portugal). Datarfrd.3 other participants were excluded
due to missing values or because they turned 1% yad between the first and second
testing moments that allowed to measure the tésstreeliability of the scale.

Our age groups were created according to the schemrys participants were
attending to which also correspond to differentosthevels. In Portugal, the first four
years of formal education correspond to tflecycle of studies and includes, usually,
children aged 6-10 years; oywungestge group belongs to this cycle and includes 101
children attending the school years 3 andv¥4y{= 8.88;SD = 0.70). The ¥ cycle of
studies corresponds to the school years 5 and frofal education and normally
includes children aged 10-12 years; this is iotermediateage group which includes
75 children Wlage= 10.43;SD = 0.62). The % cycle of studies corresponds to tHe 7
through the 9 years of formal education being attended by adelscaged 12-14
years; this is ouoldestage group which includes 226 adolesceMgd= 12.84,SD =
0.78). This form of creating the different age greunas been used in previous studies
(e.g., Psychountaki et al., 2003).

Schools were selected by geographical convenigdogever, in an effort to
increase the representativeness of our sample diegardifferent educational
environments we included five public and two prévathools belonging from rural as
well as from urban areas. Approval to conduct ttuelys was initially obtained by the
Portuguese Directorate-General for Education aadinectors of the selected schools.
The to-be-tested groups were indicated by the Bireaf each school according to a
random selection performed by each school. Paddritse children and adolescents of
those groups were contacted with a request to abrise participation of the students.
Previously to the collection of the data consenpadticipate was also obtained orally
from the participants. Anonymity of the data wabyfassured to participants and their
parents.

Each participant responded to the scale in twoerkfit occasions. The interval

between test and retest was 3-4 weeks, respedtegninimum of two weeks (e.g.,
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Psychountaki et al., 2003). A specific code wasiter@ for each participant during the
first session which allowed us to pair the respsngietained in the two assessment
moments ensuring total anonymity.

In the session, each participant responded to & setaf self-report instruments.
According the aim of this paper, we only report tfaa from the Trait Anxiety Scale
for Children (TASC).

Reference

Psychountaki, M., Zervas, Y., Karteroliotis, K., Spielberger, C. (2003). Reliability
and validity of the Greek version of the STAIEuropean Journal of
Psychological Assessment, 124-130. doi:10.1027//1015-5759.19.2.124
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Supplementary Material 2

Data Analysis

Data Analysis was carried out with SPSS (v.22).eValuate sex and age group
differences in the total TASC scores we conductethdependent-samplédest and a
one-way Analysis of Variance, respectively. A Bandai correction was applied to the
pairwise comparisons among age groups. All of thaealyses were two-sided.
Corrected degrees of freedom are presented wheanlityqof variances was not

obtained.

The Exploratory Factor Analysis (EFA) using theadat-1 was conducted using
the Weighted Least Squares with Mean and Variadpgesanent (WLSMV; Finney &
diStefano, 2006) given the categorical nature efdbtale, and the fact that this dataset
was not multivariate normal. This estimator rel@dthe polychoric correlation matrix.
Global adjustment and loading values were consitietgen analyzing the EFA results.
As a result, a new EFA was carried out using thmesdatabase but considering only
the 16-items that obtained loadings of practicghificance (i.e.> 0.40; Hair, Black,
Babin, & Anderson, 2014). A confirmatory factor &sés was then conducted using the
dataset-2. Provided that this dataset was alsomuitivariate normal, the WLSMV
estimator was again used. These analyses were aeddusing M-Plus 7.4 (Muthén &
Muthén, 2012).

The overall goodness-of-fit of the factor model veasessed using the following
indices: x%df, CFl, PCFI, RMSEA, the P[rmsea0.05], and the Confidence Intervals
of the RMSEA (e.g., Mardco, 2014). The local adjustit was evaluated by the factor
weights and individual reliability of the items. @omposite Reliability, an accurate
measure of factorial reliability, was calculated described by Fornell and Larcker
(1981). The internal consistency was evaluated mnkach’sa (inter-item and item-
total correlations are provided) and the test-tetdgbility (temporal constancy) by the
Intraclass Correlation Coefficient (ICC) (e.g., Bédi Martin, Krueger, Brazil, 2000;
Weir, 2005). The latter constitute the assessmiethieareliability of the scale.
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Supplementary Material 3

Normality tests for the Total score (based on thdral 16-items solution), results
by Sex and by Age groups for datasets-1 and -2

Mean Score Skewness  Kurtosis Kolmogorov-Smirnov
range Statistic  Df p
Total score dataset-1 28.37 16-47 .386 -.054 .068 402 <.001
Total score dataset-2 27.98 16-47 429 -.112 .064 402 <.001
Sex
Dataset-1
Males 27.23 16-44 .352 .004 .078 200 1<.0
Females 29.51 16-47 317 -.206 .082 202 <.01
Dataset-1
Males 26.79 16-47 714 472 0.83 200 1<.0
Females 28.27 16-46 184 -.268 0.53 202  .200
Age Group
Dataset-1
Youngest 30.02 16-47 488 .996 .089 101 <.01
Intermediate  28.60 17-44 527 -.209 102 75 .050
Oldest 27.56 16-45 404 -.253 .081 226 <.01
Dataset-2
Youngest 27.32 16-46 .282 .057 .076 101 .162
Intermediate  27.61 17-47 714 .561 .083 75  .200
Oldest 27.84 16-45 402 -.349 074 226 <.01

Notes:® Lilliefors significance correction.
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Supplementary Material 4

Comparison between the two models obtained in thexgloratory Factor Analysis
using 20-items, and the Exploratory and Confirmatoy Factor Analysis using the 16-
items

EFA — 20 item& EFA — 16 item& CFA — 16 item®

1-factor model 2-factors model

2 395.348 284.396 274.164 340.431

(df = 170) (df = 151) (df = 104) (df = 104)

2
x“/df 2.326 1.883 2.636 3.273
CFl 0.908 0.945 0.923 0.927
PCFI 0.812 0.751 0.799 0.803
RMSEA 0.057 0.047 0.064 0.075
Cl for
0.050-0.065 0.038-0.055 0.055-0.073 0.066-0.084

RMSEA

Notes: “analysis using dataset-fanalysis using dataset-2; ClI = Confidence Intefoal
RMSEA; X% the lowest the value the better the adjustmeft; €Comparative Fit Index,
good adjustment values between .9 and .95; PCHirsirRony Comparative Fit Index, very
good adjustment values when0.8; RMSEA = Root Mean Square Error of Approxiroafi
good adjustment between .05 and .10. The charzatem of these values follows a
systemization of the relevant information providgdMaréco (2014, p.51).
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Scree plot on the EFA using 20-items
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Note: Only the results from the 2-factor exploratorylge@ are provided given
the inflection in the screeplot.
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Component loadings obtained in the Exploratory andConfirmatory
Analyses using the Weighted Least Squares with Meaand Variance
adjustment (WLSMV) estimator (Finney, & DiStefano, 2006).

Component Loadings
EFA-20 EFA-16 CFA-16

itemg itemg item&®

ITEM 1 0.520 0.512 0.569
ITEM 2 0.571 0.581 0.604
ITEM 3 0.645 0.649 0.708
ITEM 4 0.618 0.621 0.633
ITEM5 0.611 0.619 0.696
ITEM 6 0.595 0.579 0.690
ITEM7 0.554 0.556 0.585
ITEM 8 0.376 -- --

ITEM 9 0.541 0.562 0.603
ITEM 10 0.418 0.416 0.566
ITEM 11 0.306 -- --

ITEM 12 0.688 0.687 0.610
ITEM 13 0.599 0.600 0.572
ITEM 14 0.565 0.565 0.669

ITEM 15 0.381 -- --
ITEM 16 0.287 - ~-

ITEM 17 0.662 0.645 0.715
ITEM 18 0.431 0.443 0.601
ITEM 19 0.504 0.508 0.668
ITEM 20 0.609 0.607 0.633

Notes: “analysis using dataset-Panalysis using dataset-ZCompletely
Standardized Component Loadings. A solid fact@resent when five or more
items load strongly (i.ex 0.40; Hair, Black & Babin, 2010).

212



SYNTAX from MPLUSs for the EFA and CFA

MPlus Syntax for EFA - 20 items
DATA: FILE IS TASC_datasetl.dat;
VARIABLE: NAMES ARE U1-U20;
categorical are ul-u20;

ANALYSIS: TYPE =EFA 1 5;

ROTATION IS CF-VARIMAX;

PLOT: TYPE = PLOT2;

MPIlus Syntax for EFA — 16 items
DATA: FILE IS TASC_datasetl.dat;

VARIABLE: NAMES ARE U1-U20;

categorical are ul-u20;

usevariables are ul-u7 u9-ul0 ul2-ul4 ul7-u20;
ANALYSIS: TYPE = EFA 1 5;

ROTATION IS CF-VARIMAX;

PLOT: TYPE = PLOT2;

MPlus Syntax for CFA — 16 items
DATA: FILE IS TASC_dataset2.dat;

VARIABLE: NAMES ARE U1-U20;

usevariables ul-u7 u9 ul0 ul2-ul4 ul7-u20;
categorical are ul-u20;

analysis: estimator is WLSMV,

MODEL: total by ul-u7 u9 ul0O ul2-ul4 ul7-u20;
OUTPUT: STANDARDIZED MODINDICES;
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Supplementary Material 5

Brief Summary of the Mean values obtained for the Tait Scale, Cronbach’se and

Test-retest reliabilities reported in other validaton studies

This table summarizes information about some ssuftie which we were able to
collect the relevant information. For each study pvevide the age range of the sample
along with the mean values obtained in the Traikiéty Scale for the Male and Female
participants. The age range is important to comsijileen that some studies have reported
differences between age groups. Therefore, thisepaé information should be taken into
account when drawing comparisons across studies.

Regarding the comparison of the mean values, censglthat our values result from
a 16-items scale (total results range between }pwt&reas in the remaining cases the total
was obtained from a 20-items scale (total resaltgye between 20-60), we applied a linear
transformation to our means to make them more coabpg Again, this transformation was
applied only for the sake of comparison to othadigts and the conclusions should take it
into account.

We also present the alfa of Cronbach which mostissupresent separately for Males
and Females. When available, we also report thedéability indicators from other studies
although in many cases it is not clear which diatiftest was used to determine the test-
retest reliability; So care should be adopted wdwnparing these results.

In some of the validation studies, during the aatiph process, authors added new
items to the scale that differ from the originalaifrscale (e.g., Brazilian and Spanish
validation studies). This factor might accountdome variability in the presented data.
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Mean Trait Anxiety Cronbach’s a
Test-retest

Age-
J Males Females Males Females reliability
range
— | OUR STUDY 8-14  34.04 36.89 .86 .88 .86
S Dias & Goncalves ~ 8-17 41.70 45.61 .66 .76
£ [ Matias? 9-15  34.53 36.64 76 81 78 (M)/.76 (F)
Original ® 9-12 36.7 38 78 81 .65 (M) /.71 (F)
» 4%-6"  39.39-  34.70-
Brazil .56 .73
gradé  44.86 40.44
3I’d
Spain*® 44.41 44.00 75 .85 n/a
gradé
Greek® 9-12 34.4 36.02 .81 78 81
Chinesé 7-12  32.88 32.81 91 92 91

Notes:*The authors denote this is a particularly highrecn comparison to other studies and
discuss this issue extensively in their work (segep201)” In the Brazilian Education System,
these grades usually include children aged 9-18syéan the Spanish Education System, this
grade typically includes children aged 8-9 years- Males; F — Females.
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Appendix 3

Morningness-eveningness preferences in Portuguese
adolescents: Adaptation and psychometric validity

of the H&O questionnaire

| Copy of the accepted version of the published ianpt |
(Rodrigues et al., 2016)



This is the accepted version of the Manuscript ighed online byElsevierin
Personality and Individual Differencesn 10-September-2015.

Reference:
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Ribeiro, L., & Fernandes, N. L. (2016). Morningnesgeningness preferences in Portugues

adolescents: Adaptation and psychometric validithhe H&O questionnairePersonality
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Morningness-eveningness preferences in Portuguesgodescents: Adaptation and

psychometric validity of the H&O questionnaire

Pedro F. S. Rodrigu&$, Josefa N. S. Pandeirdda Patricia I. Marinhb? Pedro Bem- Haj#,
Carlos F. Silv&? Ligia Ribeird, & Natélia Lisandra Fernandes

ICINTESIS, Department of Education, University ofedo, 2BILI, University of Coimbra,
*Municipality of Agueda

Abstract

Throughout development individuals vary in theircadian preferences. One of
the most notable changes occurs during adolesaghes individuals tend to become
progressively more evening-oriented. This is aigaitage period to be studied given
that eveningness preferences seem to relate wiBiqah, psychological and social
problems, whereas the most morning-oriented indadsl tend to be protected against
these problems. The aim of this study was to adampot present the psychometric
validity of the Morningness-Eveningness QuestiormmdHorne & Ostberg, 1976) to
Portuguese adolescents (12-14 years). To this 30@l,adolescents responded to the
guestionnaire which was initially translated, raAglated, and then subject to a think-
aloud procedure. Overall, the psychometric measwee positive. We found no
significant effect of sex on the circadian prefees and a tendency for increased
eveningness as age progresses, especially in rildgediscuss our results in light of the

existing literature.

Keywords: Chronotype; Adolescents; Morningness-eveningnessgie; AGender;

Psychometric validity.

Highlights: The Morningness—Eveningness Questionnaire wadateli to Portuguese
adolescents; We obtained good psychometric progsiéor the questionnaire; Cut-off
points for the different chronotypes were presenfidte majority of the Portuguese
adolescents are of the intermediate type; Thewata also analyzed by sex and age of
the participants.

*Pedro F. S. Rodrigues and Josefa N. S. Pandeiragacontributed equally to this work
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Introduction

Humans have time-of-day fluctuations (peaks andgtisu that affect various
aspects such as cognitive performance (e.g., S¢th@adlette, Cajochen, & Peigneux,
2007), social behavior and intellectual performareay., Goldstein, Hahn, Hasher,
Wiprzycka, & Zelazo, 2007), mental and physicalltieée.g., Randler, 2011). This is
an individual difference and people can be clasgifas morning, intermediate, or
evening-types (e.g., Gelbmann et al., 2012), cparding to peaks of performance in
the morning, middle of the day, or evening, respebt. The morningness-eveningness
preference (or chronotype) gradually changes throug development, and is
determined by genetic, biological and social faxt(lRoenneberg et al., 2004). Other
factors also influence circadian rhythms, suchh&sgeographical location (e.g., rural
vs suburbanvs urban; Randler, 2011), light exposure and sp@Bsibmann et al.,
2012), and even season of birth (Natale & Di Mii@11).

During childhood, most individuals show strong mogtendencies, but a shift
towards eveningness occurs in adolescence, appateiyrbetween 12-14 years (Diaz-
Morales, de Ledn, & Sorroche, 2007; Tonetti, FabkrNatale, 2008). This tendency
for higher eveningness continues throughout adetess; peaking around the 20s (e.g.,
Roenneberg et al., 2004). However, this peak téodsccurs earlier for females (17
years), than for males (around 21 years; see Tosketil., 2008), because pubertal
manifestations also occur earlier in the former @oreview, see Adan et al., 2012).
Other studies have reported somewhat differentteesdicating that females are more
morning-oriented than males (Randler & Diaz-Morgk807; Roenneberg et al., 2004),
or that there are no significant differences betwd® sexes (e.g., Diaz-Morales et al.,
2007; Russo, Bruni, Lucidi, Ferri, & Violani, 2007)

Understanding the morningness-eveningness prefeserin adolescence is
important for developmental reasons and also becaligs influence in various areas
as summarized next. The mismatch between cron@tygehe schedule organization of
the daily activities (including school activitiesiffect negatively the adolescents’ social
behavior, and their physical and mental well-befHghn et al., 2012). Additionally,
adolescents with eveningness preference are nkaty io develop mood and anxiety
problems (Gau et al., 2007; Randler, 2011), to akaéentional difficulties and to get
involved in substance use (e.g., Gau et al., 20@7have more aggressive behaviors

and more frequent behavioral problems of clinigghdicance (e.g., Goldstein et al.,
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2007), to report irregular sleep-wake scheduleg.,(&ateo, Diaz-Morales, Barreno,
Prieto, & Randler, 2012; Russo et al., 2007), ankave higher suicidality (e.g., Gau et
al., 2007). These adolescents have also showeempacademic performance and lower
interpersonal skills (e.g., Goldstein et al., 2003h the other hand, morning-oriented
adolescents seem to be protected for adolesceah@sgthology (see Gelbmann et al.,
2012), and are less impulsive and more persistémnthapositively influences school

achievement (e.g., Adan, Natale, Caci, & Prat, 20T@ese data clearly establish the

relevance of studying this individual charactecigti this age group.

Tools to evaluate the chronotype in children (agetiveen 4-11 years), and the
age group between 15-94 years already exist inu@alit namely the Children’s
Chronotype Questionnaire (CCTQ; Couto et al., 20B)d the Morningness-
Eveningness Questionnaire (MEQ; Silva et al., 2008spectively. However, no
instruments to measure it in adolescents (12-14syexist for our population. Given
the wide importance of understanding this variadsejust briefly reviewed, such an
instrument is essential. The goal of this study wadranslate and adapt the MEQ
(Horne & Ostberg, 1976) for Portuguese adolescgr@sceforward aMEQ), providing

preliminary psychometric validity data as well @sigus cut-off points

Method
Participants

The sample was composed of 300 (167 female) adoies@aged 12-14 years
(M=13.17, SD=0.74) recruited from several schools (80% publd £20% private
schools) from the district of Aveiro (Portugal). é&tstudy was authorized by the
Portuguese Directorate-General for Education andhleyschool directors. Informed
consent was obtained from the parents of the paatitcs and also from the adolescents
before participation.

1. We should note that the MEQ is used extensively self-report questionnaire to assess circadisfiengrces, as
recognized by researchers (e.g., Tonetti et slgpMHowever, other instruments exist to assessctéracteristic
in adolescents as can be seen in publicationseofitba (e.g., Hahn et al., 2012; Mateo et al., 2&bhdler,
2011).
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Instrument

Morningness-Eveningness Questionnaifelorne & Ostberg, 1976). This
questionnaire is composed of 19 items aimed to areashether a person's peak of
alertness occurs in the morning, the afternoonfegeor in an intermediate time of the
day. Fourteen questions present four response ngptemd five questions require
responses using hourly scales. Scores range frofavEdingness) to 86 (morningness)
points. The original questionnaire was translated Buropean Portuguese by 2
researchers highly proficient in English and themiewed by an English professor.
Next, 24 adolescents (13 female) aged 12-14 ydéxdZ.75,SD=0.85) participated in
a think-aloud protocol in small group sessions Wwhresulted in small vocabulary
adjustments to improve comprehension of the aMERes& procedures ensure the

content validity of the instrument.

Procedure

The questionnaire was administrated in groups eRd@(@articipants under the

supervision of one of the authors in sessionsngstpproximately 20 minutes.

Results

On average, the aMEQ score was 523P+7.66), and ranged between 29 and 76
points. The scale was left skewed with -.297 (errbtl), and kurtosis was .486
(error=.281); however, the Kolmogorov—Smirnov Z.867 revealed a good fit with a
normal distribution curvep&.307).

The percentages of participants characterized asgbef the morning,
intermediate and evening-types are presented iteThlising different cut-off points
typically used: mean +39D, percentiles 10 and 90, and the less restricteregmtiles
20/80. These data are presented for the entirelsaar also separately for the female
and male participants. The majority of the adoletceare of the intermediate type,
followed by the morning-type; the evening-type \las least frequent in our sample.
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Table 1
Percentages of participants identified with the mog, intermediate, and evening-type.
Data are presented for the overall sample and safedy for females and males

according to different cut-point options.

Morningness-Eveningness Preferences

Cut-off
Criteria . Morning Intermediate Evening
points
Overall mean+BD 45/60 17.3% 69% 13.7%
sample Perc 10/90 43/61 14.7% 76% 9.3%
Perc 20/80 46/59 21.7% 62% 16.3%
Females mean+BD 44/60 18.6% 70.7% 10.8%
Perc 10/90 43/61 15% 76% 9%
Perc 20/80 46/59 22.2% 62.3% 15.6%
Males mean+5D 45/60 15.8% 71.4% 12.8%
Perc 10/90 42/61 14.3% 76.7% 9.0%
Perc 20/80 47/59 21.1% 60.2% 18.8%

Note: the cut-points for the males and females wererchéted using the data from the
participants of each sex. “Perc 10/90” and “Per8@0refer to percentiles 10/90 and
20/80, respectively.

Using the classification based on the cut-off poiot 20/80 for each sex, a chi-
square test revealed no statistically significaffecences in the proportion of morning,
intermediate, and evening-typeg(4, N=300)=.550,p=.760, C=.043,p=.760. At test
for independent samples using the total aMEQ sais®, revealed a non-statistically
significant difference between maleM=£52.77, SD=7.42) and femalesM=52.26,
SD=7.86), 1(298)=.574,p=.567. To further explore sex differences we sutaditthe
results of each item to a Mann-Whitney U test. Biggmnt results were obtained in the
following items: item 3, where males mentioned ® rhore dependent of an alarm
clock if they needed to wake up at a given timehi@ morning (=8013.5,p<.001);
item 6, with males reporting to have more appdiiteing the first half hour after
waking up in the morning=8704.5,p<.001); item 13, with males noting they would
sleep later than usual if they were free to dofser going to sleep later than usual the
night before (=8847.5, p<.01); item 10, were females reported feeling tisetd
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needing to sleep earlier than malé$=8371, p<.001); and, item 12, with females

reporting to feel more tired if they went to bedlapm than male$J=9328,p<.01).

Regarding age, Pearson’s correlation suggestsntibatingness decreases with
age, although the result did not reach statissaatificance (=-.034,p=.556). When
this analysis was performed separately for each wexalso obtained non-significant
correlations in both cases (lower.261), although the relation between age and
chronotype was positive for females (016) and negative for malas{.098).

According to Cronbach’s alpha value, the reliapiof the scale was .692, a level
that can be considered marginal (according to Niljw8aBernstein, 1994, an adequate
value should be >.70). Considering that the validitCronbach’s alpha as a measure of
reliability has been questioned (e.g., Osburn, 2008 also calculated the Composite
Reliability (CR) as defined by Fornell and Larcker (1981) and sstggd by Mar6co
(2014). aMEQ obtained &R of 0.702, a suitable indicator of construct religb
confirming that all items are consistent manifesteg of a latent factor (Hair,
Anderson, Tatham, & Black, 1998).

Discussion

The aim of this study was to translate, adapt astdbéish the psychometric
validity of the Morningness-Eveningness QuestiormdHorne & Ostberg, 1976) to
Portuguese adolescents (12-14 years), providin§rtgoreliminary valid instrument to
researchers interested in this topic and age gréspreviewed in the introduction,
circadian preferences in adolescents have variotenpal implications and should be
considered thoroughly. Overall, the psychometriseasment of the instrument was
positive, as indicated by a borderline Cronbaclpeaand an appropria@R score (see
Hair et al., 1998).

The distribution of the circadian preferences im sample was similar to what
has been presented in studies conducted in cosimfititude comparable to Portugal
(e.g., Spain and Italy). For example, Diaz-Morateal. (2007) reported for a sample of
12-16 years Spanish adolescents the percentag2® 8%, 54.6%, and 22.6% for the
morning, intermediate and evening orientations,peesvely. Also in Spanish
adolescents aged 12-16 years, Mateo et al. (2btiyated percentages of 29.1%,
42.9% and 28% for the morning, intermediate andchiengtype, respectively. These

two studies reported similar proportions for therniiog and evening-types while in our
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study we obtained a slightly higher percentage offimg as compared to the evening-
type. This could be due to the inclusion of oldéolascents in their samples given that
we know there is a tendency for eveningness pnmefese to increase throughout
adolescence (Roenneberg et al., 2004). A study uxbed with Italian 8-14 years
adolescents, reported percentages of 11% for Hwhntorning and evening-types
(Russo et al., 2007). Another study with 13 ye#aBains reported overall percentages
of 18.7%, 75.97% and 5.4% for the morning, interiaid and evening-types,
respectively (average values from their controlugsy Natale et al., 2005). In our
sample we obtained higher percentages of both Weaimgy and morning-types as
compared to these two studies. We should noteith#te first Italian study, the sample
was younger than ours which could motivate thespadate results. Additionally,
circadian preferences can be influenced by otheorfa as noted in the introduction. In
our study we tried to gather a sample that woulddpeesentative of several settings
(e.g., sub-urbarws. urban environment; publigs. private schools) to assure a better
characterization of the circadian preferences ofugoese adolescents.

Similar to other studies, no differences in ciieadpreferences were found
between boys and girls (e.g., Diaz-Morales et28lQ7; Russo et al., 2007). However,
some differences were obtained in the item-by-itaralysis. Boys reported to be more
dependent of on alarm clock if they needed to wgkeat a given time in the morning,
to have more appetite during the first half hodemfvaking up in the morning, and to
sleep later than usual if they were free. On themhand, girls reported to be more tired
overall and if they went to bed at 11 pm, and alseding to sleep earlier than males.
These results are in line with previous studied tieve demonstrated that females
prefer going to bed earlier than males, and alsee Hanger sleeping periods (e.g.,
Mateo et al., 2012; Tonetti et al., 2008).

Regarding the relation between age and chronotypa&greement with the
reviewed literature, we found a descriptive tengefoc morningness to decrease with
age (e.g., Diaz-Morales et al., 2007). Howeverpum sample this relation occurred
predominantly for the males with the opposite odogrfor the females, but only at a
descriptive level. The failure to obtain a cledatien between these variables might be

due to a younger sample in our study as compartutetother studies.

We should note that our sample was from a resttiatea of Portugal and further

studies should establish the validity of the questaire to our population. Moreover,
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its criterion validity with external methods, suels body activity and temperature
measures, as well as the study of its temporalligyalis warranted to firmly establish

this questionnaire as a reliable measure of chypean the studied age group.

The present results reveal that school start tismm@ncompatible with the
circadian preference of more than 10% of our adeles (i.e., school jetlag; Diaz-
Morales et al., 2007), a mismatch that can haveadamy consequences in several
domains as reviewed before. We present a validumsint that other researchers can
now use to explore other aspects suggested toléteddo chronotype in Portuguese
adolescents, such as the influence of the congyuéetween the school activity
schedules and the chronotype preferences on tHesadats’ academic performance or
social adjustment. In the clinical setting, studiesld explore if employing intervention
programs during the preferred activity period o tidolescents would result in more
effective outcomes. Besides contributing to the emsidnding of circadian rhythms
throughout development, studies of this individuhfference might support the
development of specific measures to promote anathvguality of live and successes of

the adolescents.
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Appendix 4

Pictures considered most appealing by each age
group and equally appealing for the four age groups

| Pictures used in the high-load visual

environment |



In this Appendix, we present the set of picturaesstered most appealing to each
age group, which was placed in the most “visibl@sifion, that is in the first row
counting from the bottom, the one closer to thadppscreen where most cognitive
tasks would be displayed and performed. We alsw she set of pictures considered to
be equally interesting for the four age groups (cmm pictures).

Children
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Adolescents

Facebook helps you connect and share with the
people in your life.
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Young adults
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Older adults
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Common pictures
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Appendix 5

Counterbalancing Versions of the Experiment



Table 1

The eight possible counterbalancing versions efethvironmental manipulation and of the cognitagks used in the study

Order of environment Order of cognitive task
Participant# High-load Low-load Corsi blocks Go/no-go Rey complex Figure  Selective response
1 1 2 1 2 3 4
2 1 2 2 3 4 1
3 1 2 3 4 1 2
4 1 2 4 1 2 3
5 2 1 1 2 3 4
6 2 1 2 3 4 1
7 2 1 3 4 1 2
8 2 1 4 1 2 3

(..) (...) (...) (.) (..) (...) (.)

Note: The first column corresponds to the participant bam the remaining columns indicate the order inictvithe environment was
manipulated and the cognitive tasks were implenternter example, participant# 1 performed the fasssion in the high-load surrounding
environment, while the second session was reaiizdte low-load environment. In each of the sessitime participant performed firstly the Corsi
blocks, secondly the go/no-go, then the Rey Compligiire and finally the selective response task.féksparticipant# 5, the first session
occurred in the low-load environment whereas tlwese occurred in the high-load environment; theepaf the tasks for this participant was the
same as for participant# 1.
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Appendix 6

Descriptive values of the results for all age gsoup

in all of the cognitive tasks



This Appendix reports the descriptive values fdroflthe considered variables of the
cognitive tasks - go/no-go, choice reaction timey RComplex Figure, and Corsi block-

tapping. The results are presented for each agggnd by environmental condition.

Table 1

Go/no-go task: Means (and SDs) values obtaineth®hits, false alarms, and reaction

times for the hits in each age group and envirortalezondition.

High-load environment Low-load environment

% of hits
Children*+ 84.90 (13.93) 90.12 (12.32)
Adolescents** 93.16 (9.07) 96.77 (3.72)
Young adults 98.14 (5.41) 98.61 (3.65)
Older adults** 61.16 (25.70) 70.67 (24.81)

% of false alarms

Children 29.65 (16.67) 29.95 (17.96)
Adolescents*** 20.48 (14.65) 12.87 (10.15)
Young adults 7.05 (5.06) 6.38 (5.47)
Older adults 10.47 (9.14) 9.47 (9.66)

Reaction times
for the hits (ms)

Children 378.70 (36.88) 377.55 (46.48)
Adolescents 333.08 (39.49) 337.61 (33.00)
Young adults 346.03 (28.24) 346.33 (29.47)
Older adults** 447.05 (63.43) 417.97 (74.32)

Notes:*** paired t-test withp < .001; ** pairedt-test withp < .01.
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Table 2

Choice reaction time task: Means (and SDs) valixtained for the correct responses,

errors, and reaction times for the correct respaseeach age group and environmental

condition.
High-load environment Low-load environment
% of correct responses
Children* 73.10 (17.05) 78.27 (15.45)
Adolescents** 83.95 (17.58) 91.69 (6.46)
Young adults 94.05 (6.94) 94.15 (8.64)
Older adults*** 47.34 (23.49) 60.06 (25.61)
% of errors
Children 10.94 (5.95) 12.51 (9.12)
Adolescents** 7.99 (7.48) 5.48 (5.29)
Young adults 2.73 (2.19) 2.97 (2.52)
Older adults* 6.93 (6.15) 5.70 (5.29)
Reaction times for the
correct responses (ms)
Children* 378.45 (48.81) 363.82 (57.17)
Adolescents 347.01 (34.23) 345.62 (33.84)
Young adults 359.79 (30.07) 354.45 (32.02)
Older adults 439.16 (65.77) 429.02 (48.39)

Notes:*** paired t-test withp < .001; ** pairedt-test withp < .01; * paired-test withp < .05.
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Table 3

Corsi block-tapping: Means (and SDs) values obtaifte the memory span in each age

group and environmental condition.

High-load environment Low-load environment
Memory span
Children** 4.39 (.95) 4.70 (.89)
Adolescents*** 5.06 (1.12) 5.56 (.93)
Young adults 5.58 (.87) 5.56 (.89)
Older adults*** 3.86 (.90) 4.56 (.73)

Notes:*** paired t-test withp < .001; ** pairedt-test withp < .01.

Table 4

Rey Complex Figure: Means (and SDs) values obtdmethe copy and immediate recall

in each age group and environmental condition.

High-load environment Low-load environment

Copy

Children 31.74 (4.42) 32.13 (4.23)

Adolescents 32.88 (2.60) 33.07 (2.88)

Young adults 34.43 (1.84) 34.66 (1.16)

Older adults 26.30 (5.56) 26.66 (5.19)
Immediate recall

Children** 21.75 (6.13) 23.76 (6.14)

Adolescents 28.58 (3.22) 29.09 (3.45)

Young adults 29.30 (5.25) 29.02 (5.80)

Older adults 18.35 (5.80) 19.06 (5.61)

Note: ** paired t-test withp < .01.
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Appendix 7

Descriptive values of state-anxiety, depressiod,@dmonotype



Table 1
Means values (and SDs) obtained in the assessmestate-anxiety (average from the two
sessions) and depression. The score range of msttiis also indicated as well as the cut-

off for each case.

Anxiety Depression
23.23 (3.89) 3.70 (3.52)
Children (score range: 20-60) (score range: 0-54)
(cut-off: 35.13) (cut-off: 15.45)
Adolescents 26.36 (4.29)
[13-14 YOI (score range: 20-60)
(score range: 0-54)
25.61 (4.63) (cut-off: 18.97)
[15-17 YO] (score range: 20-80)
[cut-off: 46.48 (M)/49.17 (F)]
32.17 (6.19) 8.95 (7.72)
Young adults (score range: 20-80) (score range: 0-63)
[cut-off: 45.53 (M)/47.46 (F)] (cut-off: 20.16)
6.02 (5.09) 11.23 (3.65)
Older adults (score range: 0-20) (score range: 0-27)
(cut-off: >8) (cut-off: >11)

Notes: For detailed information of each instrument useadch age group, see Chapter 2. M —
Male; F — Female. In all instruments, higher valcesespond to higher anxiety/depression.
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Table 2
Means values (and SDs) obtained in the assessnhair@anotype. The score range of each
instrument is also indicated as well as the cuttb#t classifies individuals into morning-,

intermediate-, and evening-type.

Children 28.84 (4.25)

[8-11 YOI (score range: 10-49)
(< 23: morning-type; 24-32: intermediate33: evening-type)

55.67 (4.87)

[12 YOI (score range: 16-86)

(< 44: evening-type; 45-59: intermediate60: morning-type)

Adolescents 53.03 (5.01)

[13-14 YO (score range: 16-86)
(< 44: evening-type; 45-59: intermediate60: morning-type)

42.41 (5.02)

[15-17 YO (score range: 13-73)

(< 42: evening-type; 43-53: intermediateb4: morning-type)

41.19 (6.73)

Young adults (score range: 13-73)
(< 42: evening-type; 43-53: intermediate54: morning-type)

57.55 (6.34)

Older adults (score range: 13-73)
(< 42: evening-type; 43-53: intermediate54: morning-type)

Notes:For detailed information of each instrument usedanh age group, see Chapter 2.
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Table 3
Frequency Table: Number of participants in eachoclutype group.

Synchrony-chronotype Asynchrony-chronotype
Children 20 44
Adolescents 24 40
Young adults 25 39
Older adults 13 51

Notes: The synchrony-chronotype groupcludes the individuals for whom the period of thession
was coincident with the best performing period lé individual (e.g., a morning-type participant
performed the tasks in the morning period), andathechrony-chronotype groupcluded the cases
in which the moment of the session was not coimtideith the best performing period of the
individual (e.g., a morning-type participant perferd the tasks in the evening period).
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