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RESUMO DOS TRABALHRBE\RFOS

1

Estudo4Recolha de dados com 0 QCM (Questionario Compdésito deMandmidad
em vista abtencdo de normas para identificar adequadamente tipos diurnos/cronétipos
em adultos com idades superiores a 60 anos. Estas normas permitiiam a selecao de

participantes dessa faixa etaria para os estudos expergaénsais a

Estudo HRecolha de dados comportamentais (tempos de reacao e acertos) e de dados
eletroencefagraficos (EEG para extracdo de potenciais evocados cognitivos) para
investigar o efeito de sincronia/assidemig@nte da interacao enipe diurno dos
participantes (Matutino vs Vespertino) e a hora de participacao na experiéncia (Manha ou
Tar@) no processamento de uma tarefa de Stroop espacial (destinada a avaliar
processamento inibitério contreladmteracdo com uma facilitacdo involuntaria da
alternancia das respost@sestudeisavaa comparacao adultos idosos/adultos jovens
paracaragrizar as alteracdessi efeito de sincronia/assincassiaciadas ao

envelhecimento.

IDENTIFICACAO DESVIOS AO PROGRAMA DE TRABA RESUMO DA PRODUCAO
CIENTIFICA

1

Os anexos 10 e 11 contéepetivamentes d o ¢ u mEahlé lbighlighting the
diferences between expected and achieved output endib@tast to be posted at

thewebsile, devi damente preenchido

Cento drinta e seigdultos jovengl(vespertinos e 65 matutinos) e 48 adultos mais

velhos (25 vespertinos endBitinog)articiparamo estudo 2Todas as andlises que

envolviam dados de participantes mais veltoar(65) ndo puderam ser realizadas

em tempo util patavulgacao ieclusamuma primeira versdo desegorioHouve

grandes dificuldadgs mencionadas nos relatorigsoggessem encontrar nesta

faixa etaria voluntarios para o estudo, em gEatisodae escolaridade mais elevada

(e, portanto, mais proxima da escolaridade média na subamostra de participantes jovens),
bem com pessoas senconsumo de medicacdo @ueesseprevisivelmente

compometer a validade desultado(e.g., benzodiazepinAsginalse que apenas
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recrutamos tipos diurnos definidos, vespertinos e matutinos de acordo com os percentis
25 e 75 do QCM, pelo que todos os potenciais veluntposdiurno intermeédio

estavam a partida excluitims sentido de cormgreproblemao recrutamento de
voluntariosgm 2019niciotse uma companha de divulgacao/recrutamento usando
ferramentas promocionais disponiveis no Facebook e difigatioees mtais velhos

desta rede social, pressupondo que este nicho da populacdo mais velha apresentaria
escolarizagdo superior a média para esta faixa etaria.-skurgenb@am a
compensacao monetéaria proposta de 30 para 60recmatsamento destaasnostra

progrediu no entanto de forma muito lenta, s6 se encontrando muito recentemente
recolhidos dados eletroencefalogréficos de participantes mais velhos em ndamero
suficiente para dar inicio a algum tratamento analitico. O pani@partes mais

velho® ainda assim escasfhd@os exclusao detliere de participantes com dados

EEG inutilizaveisyvendo algumas das quatro condi¢cdes experimentais cronotipo x hora
dodia com um numero de participantes inferipr réol(ermitindo realizar
canparacdediferenciando os dois tipos diurnos, matutino e yespsrtiaoque
restringindas aos dados comportamenfaisituacao criada pela CQ9IMao

permitiu a realizacdo de mais recolhas com panicmanedisaspartir de marco de

2020As comparacdes previstas no projeto para oestcldde3na presente vars

deste relatio finaforamassimrealizadasolapsandalentro de capa grupo etdsio,

dados dos pantiantes matutinos e vespertiifesenciando apenas as situacbes

e offpeall. No anexo 9 sdo apreserstaab analisetos dados comportataés e

ERPs dos participantes jovaraievelhggara cada uma das quatro condi¢cdes da

tarefa de Stroop espaca@ifrastandndesempéo on vsoffpeakbem com d&RPs

associados adesempenho nesses momentodiad®ara estas aisesforam
utlizadoglados de uma subamostrpwekns adultos cuidadosamente emparelhados

com os participantes idosos nesgpeita ao grau de matutinidade/vespertinidade, hora

de participacéo, hora de acordar, ponto médio do saxo eséikio. de providenciar

um orexto apropriado para a com@eetiss resultados destaslises e sua

discus8qg o relairio apresentadno anexo thclui um extensa apresed@ago
rationaléedrico e do modelo de proecesstdem grande parte sobréparao texto

inclido no anex@) de que derivaashipteses discutidas nessabrio.

Face a progressao lenta da constituicdo da amostra de adudiowigesodecisdo

de, em paralelo com a rectdltlados nessa sotwsstrainvestir em trabalho de analise
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e de producao cientifica realizado com base nos dados compprieiséatalas

respostas e tempos de reacdo) da subamostra de adultos jovens, durante a execucado da
tarefa de Stroop espaBatultou daqui urtign(submetido para publicagéojjue

€ apresentado um modelo detalhado dos processos cognitivos envolvidos na emergéncia
dos efeitos de (a)sincronia na tarefa de Stroop espaemtt@npig deste modelo
relativamente a analise dos dados ERRBréalgap relevancia, uma vez que diversos
detalhes processuais especificados no modelo, que ndo séo passiveis de validagéo
através de dados comportamentais, tém uma granularidade temporal semelhante a dos
ERPs, podendo assistes ERPsconstituise futtamente como instandtage

teste do modelo. O trabalho tedrico apresentado nesse artigo, em articulagdo com os
dados empiricos, é extenso e detalhado, constituindo o primeiro modelo de nivel
processual para os efeitos de (a)sincronia. O adigodobagetido a uma revista de
referéncia na divulgacdo de trabalhos deste tipo, que ndo impde limite de paginas as
submissdes que recebe. Resultados parcelares deste trabalho foram apresentados no
congresso de 2019Warld Sleep SocieButros dados prmente obtidos com a

tarefa de Stroop espacial numa amostra de adultos jovens tinham ja servido de base a
producdo de um artigo que se encontra publicadoActaesstehologitsm outro

conjunto de dados anteriores obtidos também com a tavefa elgp&cial numa

amostra de adultos jovens enamn@naalisado, estando os resultados das analises e 0

método da investigacao integradadraite um artigo em preparacéao.

Deciditse também expandir o trabalho associado a obtencéo de ndilinaggmara u

do QCM na cronotipagem de adultos idosos de forma a produzir um estudo normativo
completo deste instrumento, alargado a outras faixas etarias. Resultou daqui um artigo
(submetido para publicagéoyjue é discutida e fundamentada a necessigade do

de normpeprbpgeated na interpreta-«o das
destinados a determinacdo do cronétipo, e em que sao apresentadas essas mesmas
normas para o QCM na populacdo portuguesa. Resultados parcelares deste trabalho
foram aggsentados no congresso de 200@ide Sleep Society
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PRODUCAO CIENTIFICA

Estudo |

1 Abstract in official conference proce@ditgsO 1]

Buekenhout, 1., Allen Gomes, A, Pires, L., Russo, B., & Leitabhd.Gaai®)site
Scale of MorningnéssChronotype Estimation in Portuguese Older Adults:
psychometric properties and cutoff. SteegsMedicin@4 (Suppl. 1),-S8.

1 Conference paper (oral presentation)
Buekenhout, 1., Gomes, A.A., Pires, L., Russo, B., & Leitdo, J. (2018, Septembre).
Questionario Compaosito de Matutinidade (QCM) para medicdo do tipo diurno em adultos

idososPoster presentation at 10° congresso AIDAP/AIDEP: Diagndstico e avaliacédo

psicolégica, Coimbra.

1 Submitted journal ar{filBdEXO 2]
Buekenhout, 1., Allen Gome®Rires, L., & Leitdo, J. (20a8}lity, Reliability and
Normative Data of the Portuguese Version of the Composite Scale af Morningness
Submited ©@hronobiology International
Estudo Il

1 Published journal arflEXO]3
Pires, L., Leitdo, Jue@ini, C., & Simdes, M. R. (ZDd@)itive control during a spatial

Stroop task: Comparing conflict monitoring and prediction-otitespeneories.
Acta Psychologid®39, 635. doi: 10.1016/j.actpsy.2017.06.009
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1 Abstraatin official comé&nce proceedifgsNEXS4-5]

Pires, L., Leitdo, J., Simdes, M. R. & Guerrini, Sp@tdStroop and Negative
Priming: not all inhibitory processes are impaired with aging. Proceedings of the 3rd
International Conference Aging & CognitiprD@ct8wuind: IfAD®BN 978-

98083435

Leitdo, J., Pires, L., Santos, I. M., Buekenhout, I., Guerrini, C., & Allen Gomes, A. (2019).
Probing the Processing Underpinnings of asynchrony and synchrony effects with a
conflict task. Sleep Medicine, 6gl(3upS5133133.
https://doi.org/10.1016/j.sleep.2019.11.362

1 Conference papers (oral presentations)

Pires, L., Leitdo, J., @nerC., Simdes, M. R. (2015, Golyflict adaptation during a
spatial Stroop task: insights into the Anterior Cingulate Cortex role in executive control.
Oral presentatiorlatnternational Congress of CINEICC/ 11l National Congress of

AssociacaooRuguesa de Terapia do Comporta@eimdra.

Pires, L., Leitdo, J., Guerrini, C., Gomes, A., Santos, |., Mendes, C., Silva, E. (2016,
May)What ages in Inhibition? Analysing controlled and automatic processes. Oral

presentation kvoluntary Cogmitidonferenc€oimbra.

1 Submitted journal ar{isEX®]
Leitdo, J., Pires. L., Santos, |., Buekenhout, I., Guerrini, Ch., & Gomes, A. (2020).
Processing Underpinnings of Chronotype-ofDiagndnteractions: A Study of a
Conditional Automaticityoat of (A)synchrony effeStdomited tdournal of
Experimental Psychology: General

Em prepara¢cadNEXO 7]

Repetition Sequence Effects in a Spatial Stroop Task: Location, Response and Conflict
Level
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https://doi.org/10.1016/j.sleep.2019.11.362

1 SoftwarfANEXO]8
Spatial Stroop task

O invstigador principal,
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ANEXO 1

Abstract in official conference proceedings

Buekenhout, 1., Allen Gomes, A, Pires, L., Russo, B., & Leitabhd.Gaai®)site Scale of

Morningness for Chronotype Estimation in Portuguese ObdgrcAalulésricgperties and
cutoff scoreSleep Medicin@4 (Suppl. 1),-S8.
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Aging and Developmental Issues

Board #011 : Poster session 2

THE COMPOSITE SCALE OF MORNINGNESS FOR CHRONOTYPE ESTIMATION
IN PORTUGUESE OLDER ADULTS - PSYCHOMETRIC PROPERTIES AND
CUTOFF SCORES

1. Buekenhout*?, A. Allen Gomes?*#, J. Leitdo'#, L. Pires*2, B. Russo®

*Memory, Language and Executive Functions Laboratory, Faculty of Psychology and
Educational Sciences, University of Coimbra, “Center for Research in Neuropsychology and
Cognitive and Behavioral Intervention (CINEICC) [FPCE-UC], *Faculty of Psychology and
Educational Sciences, University of Coimbra, *Center for Research in Neuropsychology and
Cognitive and Behavioral Intervention (CINEICC), FPCE-UC, Coimbra, *Dep. of Education and
Psycology, University of Aveiro, Aveiro, Portugal

Introduction: Chronotype refers to the individual differences that exist in the timing of
circadian rhythms (e.g., core body temperature, sleep-wake cycle). The Composite Scale of
Morningness (CSM) is one of the most widely used measures to estimate chronotype.
Despite the importance of accurate chronotype assessments, the psychometric properties of
the CSM are not sufficiently explored in older adults. The aim of this study was to examine
reliability and validity data of the Portuguese version of the CSM, and to obtain cut-off points
(based on percentiles), with a sample of older adults.

Materials and Methods: The sample comprised 522 participants (55% women) with ages
between 65 and 95 years (M = 71.40; SD = 5.69), and up to 19 years of formal education
(M = 7.10; SD = 4.56). After providing informed consent, all participants completed the
CSM. So as to obtain validity data, participants also completed the Basic Scale on Insomnia
symptoms and Quality of Sleep (BaSIQS), and questions concerning sleep schedules, and
based on the latter the formula of the Mean Sleep point on Free days - sleep corrected
(MSFsc) was used to estimate chronotype.

Results: Regarding the scale's reliability, an alpha value of 0.81 was obtained. All items
appeared to contribute to the scale's internal consistency, as removing items would reduce
Cronbach's Alpha. The corrected item-total correlations assumed appropriate values (0.33 -
0.60). CSM scores showed a normal distribution, ranging from 19 to 54, M=39.06 (SD =
6.18). Concerning the scale's validity, a non-significant correlation (r = -0.07; p = 0.25) was
observed between CSM scores and BaSIQS scores (discriminant validity). Significant
correlations were obtained between CSM scores and sleep schedule variables (convergent
validity), ranging between -0.34 and -0.79 (i.e., higher morningness scores were
accompanied by earlier sleep-wake schedules), and between CSM scores and MSFsc, r = -
0.532, p < 0.001. Cut-off points based on P10, P25, P75, and PS0, were obtained.
Conclusions: The Portuguese version of the CSM seems to be a valid and reliable measure
for chronotype assessment in older adults. Internal consistency analyses suggest that the
CSM is a consistent and homogeneous scale in this age group. Validity analyses revealed
that the CSM significantly correlates with measures of related constructs (sleep schedules
and mid sleep point), whilst presenting a non-significant correlation with a measure of a less
related construct (sleep quality). CSM mean scores and cut-off scores were higher than
those generally reported for young adults in agreement with the advancing circadian system
phase with age.

Acknowledgements: This work was supported by the Portuguese National Funding Agency
(FCT, Fundagdoe para a Ciéncia e Tecnologia), FCT Individual Doctoral Fellowship
SFRH/BD/135878/2018, and by BIAL Foundation, grant number 234/14. Presentation-
related expenses partially supported by the FTC Research Unit CINEICC [FPCEUP].
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ANEXO 2

Submitted journal article

Buekenhout, 1., Allen Gomes, A., Pires, L., & Leitdo, J. (2019). Validity, Reliability and Normative
Data of the Portuguese Version of the GoByaisipf Morningn&somited to
Chronobiology International
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Validity, Reliability and Normative Data of the Portuguese Version of the

Composite Scale of Momingness

Imke Buekenhout:=+, José Leitio*=*, Luis Pires'~*, Ana Gomes'*

Author note:

'Faculty of Psychology and Educational Sciences, University of Coimbra. Portugal
[FPCE-UC]. *Memory. Language and Executive Functions Laboratory, FPCE-UC,
Portugal *Center for Research in Neuropsychology and Cognitive and Behavioral
Intervention (CINEICC), FPCE-UC, Portugal
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Abstract

The interested in and research on chronotype has grown in the past few years. Asa
result, several instruments have been developed to estimate one’s diumal preferences.
However, most of these scales have been validated and normed resorting to samples of
university students and of the working population, with hardly any studies including
adolescents and older adults. In our study, we aimed to explore the adequacy of the
Portuguese version of the Composite Scale of Momingness (CSM) in assessing
chronotype in a wide range of ages (12 — 95 years of age), and to obtain accurate
chronotype classifications with this scale. More specifically, we sought to obtain
validity and reliability data for the CSM, and to establish normative data. The
Portuguese version of the CSM proved to possess sound psychometric properties across
various age groups and developmental points, being internally consistent, temporally
stable (12 — 14 week interval), and having good convergent and discriminant validity.
The CSM significantly correlated with related constructs (sleep-wake schedule
variables), whilst presenting smaller and/or insignificant correlations with less related
constructs (approximate sleep duration and sleep quality). Lastly, we acquired
normative data for the CSM, which we present as regression-based algorithms that
control for the influence of age and allow us to adequately capture and individual’s

particular circadian timing.

Key-words: Composite Scale of Morningness: chronotype: reliability and

validity; regression-based norms.
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Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM 3

Circadian rhythmicity is present in many biological and psychological processes,

such as core body temperature (CBT). blood pressure, sleep-wake cycle, alertness.
synthesis and secretion of melatonin and cortisol, for instance (Hofstra & de Weerd,
2008: Smith, Reilly. & Midkiff. 1989). These processes unfold in a temporal pattern of
peaks and troughs, one of each occurring within approximately 24 hours. In relation to
the beginning of the 24-hour cycle, the peak and trough for each process exhibits a
typical timing, or phase, respectively termed acrophase and bathyphase. This
rhythmicity is coordinated by the central circadian pacemaker. located within the
suprachiasmatic nuclei of the hypothalamus (Daan, Beersma, & Borbely, 1984).

This internal clock entrains to the 24-hour day and uses external cues to do so.
The most important cue is the environment's light-dark cycle. However, individual
circadian clocks do entrain differently to environmental cues, namely, earlier or later,
depending on the characteristics of the internal clock (Roenneberg. Kantermann, Juda,
Vetter, & Allebrandt, 2013). Accordingly, the acrophases of the individual’s circadian
rhythms will occur earlier or later, impacting the preferred timing of diurnal activities
and sleep habits. This particular set of individual differences is usually termed
chronotype or diumal type (Roenneberg, 2012; Schmidt, Collette, Cajochen, &
Peigneux, 2007). Individuals with substantially earlier entrainment to the extemal day
and correspondingly earlier acrophases in their circadian processes are considered to be
morning types (M-types). M-types favor waking up at early hours and feel more
efficient during the first part of the day. Persons that attain later acrophases rise at later
hours and have peak performances in the evening. They are referred to as evening types
(E-types) (Baehr, Revelle, & Eastman, 2000; Gomes, 2005). However, the distribution

of diumnal preferences in the population approximates a normal curve (Gomes. 2003:;
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Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM

Schmidt et al.. 2007), with most chronotypes therefore falling between these two
extreme chronotypes and classified as “intermediate™.

Chronotype is considered a quite stable human trait. For instance, Greenwood
(1994) assessed nursing students’ diurnal preferences using the Composite Scale of
Momingness (Smith et al., 1989) and applied the same instrument nine months later to
the same group who was then already working (night and shift-work). The test-retest
correlation (r = .82) indicated that the scores are stable over time, suggesting that
chronotype does not change with work schedules.

Interindividual differences in diurnal preferences can be partially explained by
genetic disposition. Diurnal type depends on variations in specific alleles of genes
(“clock genes™). such as CLOCK. PER1/2/3, and CK1 &/ & (Crowley, 2013; Young &
Kay, 2001). However, several studies suggest that chronotype is also determined by
environmental variables (e.g., Leocadio-Miguel et al.. 2017; Mistlberger & Skene,
2005). To cite an instance, Randler. Bilger. and Diaz-Morales (2009) concluded that
parental monitoring exerted an impact on diurnal preferences, with a stricter bedtime
discipline being associated with earlier chronotypes. Borisenkov (2010) found that
chronotype also depends on the latitude of residence.

Individual factors such as gender and age are also thought to partly shape one’s
chronotype. Regarding gender differences in circadian typology, results are not yet
clear. Some authors argue that women and men differ significantly in their diurnal
preferences (e.g., Adan & Natale, 2002). In their review, Fabbian et al. (2016) found
that men are E-types considerably more often than women, with the latter manifesting
earlier chronotypes. On the other hand. a number of studies suggest the inexistence of
such differences (e.g.. Mirghani, 2017; Paine. Gander, & Travier. 2006).

15/209/



Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM 5

Several studies indicate that chronotype undergoes significant changes
throughout the lifespan. Children commonly display morningness tendencies, generally
until the transition to puberty. From this period on, the acrophase becomes
progressively later. Puberty seems to be associated with a phase delay in circadian
timing (Carskadon, 201 1: Carskadon, Vieira. & Acebo, 1993). This delay gradually
intensifies and reaches its peak during the first years of adulthood. According to the
results obtained by Roenneberg et al. (2015), this peak is reached at around 20 years of
age. From that moment on, this trend slightly reverses and greater morningness is again
observed. Older adults-usually wake up at earlier times and show a preference for earlier
bedtimes than younger adults. This might be explained by an advance in circadian phase
(Duffy & Czeisler, 2002; Schmidt, Peigneux. & Cajochen, 2012). In fact, using
morningness questionnaires, various authors have found that scores increased with
advancing age. suggesting increased morningness in older adults (e.g., Paine et al.,
2006: Randler. Fassl, & Kalb, 2017).

Chronotype can be estimated from several biological measures. such as CBT,
melatonin, and cortisol rhythms. The acrophases of these rhythms are strongly related to
diurnal preferences, occurring earlier in M-types (Klerman. Gershengorn, Duffy, &
Kronauer, 2002). However, these assessments are quite invasive, time-consuming. and
expensive. Diurnal preferences can also be measured employing questionnaires, which
are quick and easy to use (Gomes, 2005).

Various self-assessment scales have been developed to estimate chronotype. The
first English-language chronotype questionnaire, the Morningness-Eveningness
Questionnaire (MEQ), was devised by Home and Ostberg (1976). The MEQ is one of
the most widely used measures and comprises 19 questions (Gomes, 2005;

Levandovski. Sasso, & Hidalgo. 2013). Despite its popularity, the MEQ is criticized for
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Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM 6

not being a homogeneous measure of morningness, for its length, and its non-optimal
psychometric properties (Smith et al., 1989; Torsvall & Akerstedt, 1980). A reduced
version of the MEQ (rMEQ. Adan & Almirall, 1991) was also created, which contains
only 5 items. Another well-known measure is the Diurnal Type Scale (DTS, Torsvall &
Akerstedt, 1980), a short and homogeneous 7-item diumnal type scale. Smith et al.
(1989) found that the DTS has low internal consistency reliability. In order to overcome
the weaknesses of the previous scales. Smith et al. (19%9) devised another morningness
questionnaire, the Composite Scale of Momingness (CSM). The CSM comprises items
from the MEQ) and the DTS (9 MEQ items and 4 DTS items), namely, the items with
the best psychometric properties from both scales. This scale has 13 items with a Likert-
type response format, with 4 to 5 possible answers for each item. The items appertain to
preferred sleep and waking times, ease of waking, alertness throughout the day, and
exercise. Possible scores for each item vary between | —4 or | -5, and the total score
varies between 13 and 55. Higher scores indicate a larger degree of momingness. The
CSM is a reliable and valid instrument, and scores tend to remain stable over time (e.g..
Levandovski et al., 2013). These scales have been adapted for use in languages other
than English. For instance, the MEQ is used in several countries: Spain (Adan &
Almirall, 1991), Brazil (Benedito-Silva, Menna-Barreto, Marques. & Tenreiro, 1990),
and Portugal (C. F. Silva et al., 2002). The CSM is used in France (Caci, Nadalet,
Staccini, Myquel, & Boyer, 1999), Italy, (Natale & Alzani, 2001), and Portugal (Silva,
Azevedo, & Dias, 1995), for example.

The majority of these scales have been validated and normed with samples of
university students and of the working population, but very few have included
adolescents and older adults (Jankowski, 2015: Randler, 2008). This may be

problematic for the assessment of chronotype in these two age groups. The original
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Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM 7

cutoff scores obtained with young adult and adult samples are adopted and used with
adolescents and older adults, possibly leading to misclassification of the individual's
chronotype. However, specific instruments have been devised for children. For instance,
Wermner, Lebourgeois, Geiger, and Jenni (2009) developed the Children’s ChronoType
Questionnaire (CCTQ), aiming to assess chronotype in 4- to | 1-year old children.
Responses on momingness questionnaires are only a measure of chronotype when
compared to the responses given by a normative sample. Nonetheless. no consensus
exists regarding cutoff scores that determine an individual’s position on the
morningness continuum. For example, the authors of the MEQ (Home & Ostberg,
1976) did not use statistical criteria to determine cutoff scores, instead splitting the scale
at regular intervals in order to display a 5-category typology (definite moming type,
moderate morning type, neither type, moderate evening type, definite evening type).
The reasons behind these cutoff scores were not described. Contrastingly, Smith et al.
(1989) developed cutoff scores for the CSM based on a 10-90 percentile split, where the
10" percentile and below reflect definite E-types. and the 90" percentile (and above)
indicate M-types. Intermediate types’ scores fall between the 11" and 89* percentiles.
Caci, Deschaux, Adan, and Natale (2009) compared the cutoff criteria and chronotype
classification of the CSM. MEQ. and also the rMEQ. The authors found that when using
the CSM and the MEQ, the percentages of participants similarly categorized were 95%,
75.3%. and 85.7% for E-types, intermediate types. and M-types, respectively.
Regarding the CSM and the rMEQ), the proportions were 95%, 74.1%, and 53.1%.
Lastly, using the MEQ and rMEQ. the proportions were 84.6%, 84.4%, and 45.8%.
These results cast doubts upon the cutoff scores used to determine chronotype, favoring

the use of the CSM as the overlap between the results obtained with this instrument and
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Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM 8

the two other scales is greater than the overlap between the scores produced by the
MEQ and rtMEQ.

Furthermore, as the majority of these scales have been normed using samples of
young adults and adults, normative cutoff points are inappropriate for different age
groups (e.g.. Levandovski et al.. 2013). For instance, MEQ scores produce inconsistent
results across different age categories. Taillard, Philip, Chastang, and Bioulac (2004)
adapted and standardized the MEQ using sample of 566 middle-aged participants, with
ages between 44 and 58 years. When using the MEQ’s original cutoff scores (obtained
with individuals aged 18-32 years), the sample consisted of 62.1% M-types, 36.6%
intermediate types, and 2.2% E-types. The authors determined new cutoff scores for
their middle-aged sample and were able to obtain a more balanced distribution of
chronotypes: 28.1% were E-types, 51.7% were intermediate types, and 20.2% were E-
types. The skewed distribution towards momingness that was attained using the original
criteria might have been due to the inappropriateness of using classification criteria
obtained with a younger sample. It is thus clear that cutoff scores for momingness are
influenced by age. As already mentioned. it is known that adolescence is accompanied
by a delay in phase, whereas the opposite occurs in older adults. Phase advance/delay
might play a major role when using cutoff scores to determine chronotype (Taillard et
al,, 2004). As the MEQ and the CSM were normed using younger samples, the
distribution of results is shifted towards eveningness (Levandovski et al., 2013). When
using the same cutoff scores in adolescents and older adults, the former may be
classified as almost only Intermediate and E-types. and the latter mostly intermediate
and M-types, misleadingly in both cases. In fact. using the MEQ. rMEQ. and CSM,
several studies have obtained this pattern of results (e.g., Randler. Freyth-Weber.
Rahafar, Florez Jurado, & Kriegs. 2016: Tonetti, Fabbri, & Natale, 2008). We should

19/209/



Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM 9

bear in mind that even though children and older adults seem to be more moming-
oriented whereas adolescents display greater eveningness, it is very unlikely that all
children and older adults are M-types and that all adolescents are E-types. Roenneberg
et al. (2004) defend that “since chronotype is partly controlled by genetic factors, an
individual is likely to retain his’her chronotype — in relationship to others of the same
age and sex — throughout life” (p. 1034).

Concerning chronotype classification, we believe it is essential to discern two
different levels of individual differences: the intra-individual level (i.e., the way a given
characteristic changes across different developmental points) and the inter-individual
level (i.e., the differences that exist between different persons regarding a specific trait,
considering the same developmental point). Thus, we cannot consider that most older
adults are M-types by comparing them with young adults. Instead, we should consider
percentiles by age, or another standardized methodology. to determine chronotype. As
argued by Home and Ostberg (1976), (....) a bed time of 23:30 may be indicative of a
Morning Type within a student population, but might be more related to an Evening
Type in the 40 — 60 age group” (p. 109).

Alms of the Present Studles

We aim to examine the CSM's adequacy in assessing chronotype in a wide
range of ages, and to obtain accurate chronotype classifications with this instrument. We
intend to provide norms that control the influence of demographic variables
(particularly age) on individual chronotype estimation through the CSM.

More specifically. we seek to obtain reliability and validity data for the
Portuguese version of the CSM. We aim to explore the instrument’s reliability and
validity in a general sample with a wide age range (12 — 95 years of age). While doing

s0, we aim to contribute to the international literature by inspecting whether the
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psychometric properties of the CSM are constant across various age groups and
developmental points, from adolescence to older age. These analyses will include age
ranges that are not usually included in validation studies of morningness questionnaires
(12 -17:36 — 59: 60 — 75; 76 — 95 years of age). For convergent validity purposes. we
will consider data on sleep — wake schedules. For indicators of divergent validity, sleep
quality and approximate duration will be taken into account. These data are available
only for a portion of the general sample.

The main aim of the present work is the obtainment of specific normative values
for each age group, allowing an accurate classification of diurnal type. To our
knowledge such work has not been carried out yet and contrasts with the usual approach
of deriving general raw cuttoff points from samples composed mainly by young adults
(with ages generally between 18 — 35/40 years). Furthermore, we intend to obtain
regression-based norms for the CSM (which is an innovative approach in the
classification of chronotype), whilst also determining norms for each age group
resorting to the more conventional percentile approaches.

General Method
Overview

The data used in the present studies originated from a collection of existing
datasets, each of which included different participants who completed specific test
batteries. The CSM data and other relevant information for the normative studies were
pooled together to conduct the analyses presented herein.

We use age-stratified data in the different studies, for two reasons. Firstly. to
explore the adequacy of the CSM in age groups that were not included in the scale’s
construction and in the validation/normative studies: and to obtain norms that reflect the

interplay between age and diurnal preferences in different developmental stages.
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Farticipants

The initial sample consisted of 3062 participants (61.4% women), with ages
ranging between 12-95 years (M = 34.59; 50 = 20.39), and with 0-19 years of formal
education' (M = 10.96; D = 4.50).

Potential participants were recruited by contacting public and private institutions
{e.g., middle and high schools, adult residential facilities, adult daycare centers, regular
and senior universities), and by directly approaching community members. All
participants were monolingual native speakers of European Portuguese, and read a
comprehensive description of their expected collaboration and provided written
informed consent in accordance with the Declaration of Helsinki. For participants with
ages under 18 years, parental consent was also obtained.

The Geriatric Depression Scale (30 and 15 items) (GDS-30: Verissimo, | 988;
Yesavage et al., 1982) (GDS-15: Apostolo, 2011; Sheikh & Yesavage, 1986) or the
Beck Depression Inventory 11 {Beck, Steer, & Brown, 1996; Campos & Gongalves,
2011) were applied to exclude participants with scores indicative of depression.
Participants with ages over 45 years completed a cognitive screening test, either the
Montreal Cognitive Assessment (Freitas, Simdes, Martins, Vilar, & Santana, 2010;
Nasreddine et al., 2005) or the Addenbrooke’s Cognitive Examination Revised (Mioshi,
Dawson, Mitchell, Amold, & Hodges, 2006; Simdes, Firmino, Sousa, & Pinho, 201 1),
which includes the Mini-Mental State Examination (Folstein, Folstein, & McHugh,
1975; Guerreiro et al., 1994). Outliers were identified by producing boxplots.

Participants were excluded when the scores on the depression scales fell more than 1.5

! In our sample, 21 participants (0.7%) with ages between 68 and 95 years have no formal schooling. A
strong and positive correlation exists between old age and low academic attainment, which is common in
countries where the democratization of education is a relatively recent sociopolitical event (Statistics
Portugal, 2012). In Portugal, about 5% of the population is illiterate (PORDATA, 2011). As we intended
to obtain a bread and representative sample, we decided to include these illiterate participants in our
study.
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times the interquartile range above the third quartile, and when scores on the cognitive

screening tests fell more than 1.5 times below the first quartile.

The final sample comprised 2723 participants (55.2% women). with ages

ranging between 12-95 years (M = 37.91; SD = 20.74). and with 0-19 years of formal

education (M = 11.83: SD = 4.38). In Table |, the demographic structure of this sample

can be found. as well as the stratified descriptive statistics for age, gender, and years of

formal education.

Table 1
Demographic Structure of the Normative Sample and Stratified Descriptive Statistics
Gender Education
s mromps n M sD Q M sD
(5 years)
12-16 287 14.06 1.34 144 143 8.47 1.24
17-21 445 1936 1.32 232 213 12.56 1.84
22-26 477 23.66 1.40 247 230 14.76 2.50
27-31 239 28.68 1.32 127 12 14.60 284
32-36 145 33.80 1.46 94 51 14.21 2.26
37-41 120 39.17 143 81 39 14.16 3.07
42 - 46 143 43.87 1.45 94 49 14.08 3.15
47 -51 105 4877 1.40 65 40 13.88 392
52-56 62 53.82 1.36 35 27 13.73 493
57 -6l 103 5933 1.34 53 50 11.10 497
62 - 66 177 64.47 1.31 98 ™ B.68 438
6771 212 69.05 1.40 118 9“4 804 478
72-76 146 73.85 1.22 81 65 6.03 3.65
77 - 81 25 78.52 116 16 9 6.56 4.62
82 - 86 20 84.10 1.37 6 14 4.80 5.76
87 -91 12 88.50 1.57 9 3 2.67 1.97
92 - 95 5 93.40 1.34 2 3 4.75 7.09
Note. N = 2723. M = mean. SD = standard deviation, © = female, . = male.

Procedure

The data was acquired in different ways. Participants completed test batteries

featuring the CSM., and the position of the CSM in the battery varied within and across

studies, sampling a wide range of administration positions. Middle and high school

students’ (12 — 21 years of age) responses were collected through group sessions

23/209/



Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM 13

conducted at their schools. University students’ and young adults’ (18 — 30 years of age)
data was gathered during group sessions, individual sessions, and also by virtue of an
online survey tool. Adult participants (31 — 63 years of age) were tested in individual
sessions. or data was gathered through an online survey tool. Lastly. older adults’ (64 —
95 years of age) responses on the CSM were collected by means of individual sessions,
an online survey tool, or through postal mail (questionnaires were mailed out and
returned by the respondents).
Data Analyses

All analyses were conducted using IBM SPSS Statistical Software (version 22),
setting statistical significance at 0.05.

Study 1: Validity and Rellability

In this study, we explore the CSM’s validity (convergent and discriminant),
internal consistency, and test-retest reliability. The CSM’s internal consistency is
assessed in the general sample, and the instrument’s validity is investigated resorting to
a part of the general sample. as not all participants provided data for the validity studies.
Internal consistency is also explored in the following specific subsamples: 12-17 years
of age (early adolescence and adolescence), 18-35 years of age (most common age
group in norming studies, i.e.. young adults), 36-59 years of age (middle age), 60-75
years of age (young-old), and 76-95 years of age (old-old). Convergent and discriminant
validity (resorting to sleep-wake schedules) is equally evaluated in those subsamples,
except for the 76-95 years of age subsample (no data was available for those ages).
Discriminant validity (using indicators of sleep quality) is assessed in only three
subsamples (18 — 35 years of age, 36 — 59 years of age. and 60 — 75 years of age), as not

enough data was available in the 12 — 17 (1 participant) and 76 — 95 (1| participants)
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years of age subsamples. Test-retest reliability is assessed with a subsample of 40
participants.

As such, we aim to determine whether the CSM is a valid and reliable measure
across various age groups and different developmental periods. including age ranges
that are generally not considered in validation studies.

Participants

Validity studles.

Convergent and discriminant validity (sleep-wake schedules). The main
subsample comprises 1746 participants (55.1% women) with ages between 12 and 75
years (M = 28.35: SD = 14.12), and with 3 to 19 years of formal education (M = 12.84;
SD=3.21). The 12 - 17 years old (M = 14.48; SD = 1.61) subsample comprises 335
participants (51.3% women), with 7 — |2 years of formal education (M =8.81; SD =
1.47). The 18 — 35 years old (M = 24.37: SD = 4.57) subsample consists of 1020
participants (53.9% women), with 6 — 19 years of formal education (M = 14.23; SD =
2.32). The 36 — 59 years old subsample (M = 44.40; SD = 6.41) includes 283
participants (62.9% women), with 4 — 19 years of formal education (M = 13.25; SD =
2.96). The 60 — 75 years (M = 66.53: SD = 3.46) old subsample encompasses 108
individuals (56.5% women), with 3 — 19 years of formal education (M= 11.13; SD =
3.80).

Discriminant validity (sleep quality). One thousand and six hundred and forty-
one participants (55.6% women), with 17 — 83 years of age (M =37.46: SD = 18.41),
and 2 - 19 years of formal education (M = 12.84; SD = 3.82) provided information
regarding sleep quality. The 18 — 35 years of age (M= 24.51; SD = 4.51) subsample
encompasses 996 individuals (54% women), with 6 — 19 years of formal education (M =
14.30: SD = 2.29). The 36 — 59 years of age (M = 44.56: SD = 6.51) subsample
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comprises 294 participants (62.2% women), with 4 — 19 years of formal education (M =
13.26: SD = 2.93). The 60 — 75 years of age (M = 68.07: SD = 3.93) includes 339
participants (54% female), with 2 - 19 years of formal education (M = 8.35; 5D = 4.48).

Internal consistency study. The general sample is already described in the
General Method Section. The 12 - 17 years old (M = 14.48; SD = 1.61) subsample
comprises 335 participants (51.3% women), with 7 — 12 years of formal education (M =
8.81: SD = 1.47). The 18 — 35 years of age (M = 24.27; SD = 4.51) subsample consists
of 1232 participants (53.4% women), with 6 — 19 years of formal education (M= 14.12;
SD =2.31). The 36 — 59 years old (M = 46; SD = 6.56) subsample encompasses 506
participants (61.9% women), with 4 — 19 years of formal education (M = 14; SD =
3.44). The 60 — 75 years old (M = 67.9; SD = 4.28) subsample includes 574 participants
(55.2% female), with 0 — 19 years of formal education (M = 7.84; SD = 4.53). Lastly,
the 76 — 95 years of age (M = 82.08; SD = 5.36) subsample comprises 76 participants
(55.3% women), with 0 — 17 years of formal education (M = 5.29; SD = 4.80).

Test-retest rellabllity study. The sample consists of 40 individuals (46.2%
women), with ages between 30 and 50 years (M =41.79; SD = 6.25), and with 4 - 19
years of formal education (M = 13.00; SD = 4.09).
Instruments and Procedure

All participants, in both the validity and reliability studies. completed the CSM.

Validity studies.

Convergent validity. In order to obtain indicators of convergent validity.
individuals answered a set of questions regarding sleep-wake schedules (Gomes,
Tavares, & Pinto de Azevedo, 2009). With the data collected through these question, it

was possible to obtain the following sleep variables: bed time, rise time. approximate
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midpoint of nocturnal sleep, corrected approximate midpoint of nocturnal sleep, and
sleep restriction extension pattern.

Discriminant validity. The mentioned questions regarding sleep-wake schedules
also enabled us to obtain information regarding time in bed. on both weekdays and free
days. and global time in bed. A subsample completed the Basic Scale on Insomnia
Symptoms and Quality of Sleep (BaSIQS: Gomes et al., 2015). a measure of sleep
quality, for discriminant validity purposes.

Test-retest rellablility study. Forty participants were invited to partake in the
test-retest reliability study and were assessed for the second time 12 to 14 weeks after
the first testing session. Special care was taken in order to ensure that administration
conditions were as similar as possible to those of the first session, including starting
time and order of the experimental tasks.

Data Analyses

Validity Studles.

Convergent validity. Convergent validity evidence was obtained by calculating
Pearson product-moment correlations between the CSM and data on sleep-wake
schedules (convergent validity). More specifically, correlations between CSM scores
and the following sleep variables were obtained: bed time, rise time, approximate
midpoint of nocturnal sleep (calculated using bed times and rise times), corrected
approximate midpoint of nocturnal sleep. and sleep restriction extension pattern. The
corrected approximate midpoint of nocturnal sleep was calculated according to the
formula presented by Roenneberg et al. (2004), correcting the midpoint of sleep for the
sleep debt accumulated during the week.

Discriminant validity. So as to assess the instrument’s discriminant validity.

Pearson-product moment correlations between CSM scores, time in bed on weekdays
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and free days, and global time in bed were calculated. A Pearson-product moment
correlation between CSM scores and BaSIQS scores was also calculated. Cohen’s
conventions’ (Cohen, 1988) were used to interpret effect size. Whenever the
assumptions of the Pearson product-moment correlations were violated. Spearman’s
Rho was also obtained. However, Spearman’s Rho was only reported when differing
from the Pearson product-moment correlations.

Internal consistency study. Internal consistency was assessed by computing
item-total correlations and Cronbach’s Alpha. So as to interpret the magnitude of the
alpha coefficients, the criteria described by Pestana and Gageiro (2008)* were taken into
consideration.

Test-retest Rellability Study. Test-retest reliability was estimated by
calculating Pearson product-moment correlations between CSM scores obtained during
the two distinct testing sessions. Cohen’s conventions (Cohen, 1988) were again used to
interpret effect size. If the assumptions of the Pearson product-moment correlations
were violated. Spearman’s Rho was also obtained. However, Spearman’s Rho was only
reported when differing from the Pearson product-moment correlation.

Results

Validity study.

Convergent validity.

Main subsample. Regarding the CSM’s convergent validity, significant
correlations were obtained between CSM scores and all sleep schedule variables. A
large and negative correlation was observed between CSM scores and the approximate

midpoint of nocturnal sleep (r(1745) =-0.55, p < 0.001). A medium and negative

2 Cohen (1988) provides the following rules of thumb: r = (-0.10 - small effect size: r= (-)0.30 -
medium cffect size; r> (-)0.50 - large effect size.

* Internal consistency is considered excellent when @ > 0.9; good when @ > 0.8 and @ < 0.9; reasonable
when a > 0.7 and a < 0.8; weak when a > 0.6 and @ < 0.7; and unacceptable when a < 0.6.
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correlation was attained between CSM scores and the corrected approximate midpoint
of nocturnal sleep (r{1745) = -0.45, p < 0.001). A small and negative relation between
CSM scores and sleep restriction extension pattern was unveiled (r{1745) =-0.15, p <
0.001).

Medium and negative correlations were obtained between CSM scores and bed
times on weekdays (r(1745) = -0.45, p < 0.001), CSM scores and rise times on
weekdays (r(1745) =-0.41, p < 0.001), and CSM scores and bedtimes on free days
(r{1745) = -047, p < 0.001). A large and negative correlation was unveiled between
CSM scores and rise times on free days (r(1745) = -0.56. p < 0.001).

12 - 17 years of age sample. Significant correlations were observed between the
CSM scores and all the sleep schedule variables in this subsample. A medium and
negative correlation was observed between CSM scores and the approximate midpoint
of nocturnal sleep ({333) =-0.43, p < 0.001). A small and negative correlation was
attained between CSM scores and the corrected approximate midpoint of nocturnal
sleep ({333) = -0.20. p = 0.001). and between CSM scores and sleep restriction
extension pattern (1(333) =-0.24, p < 0.001).

A medium and negative correlation was obtained between CSM scores and bed
times on weekdays (r(333) =-0.36, p < 0.001). Small and negative correlations were
unveiled between CSM scores and rise times on weekdays (+(333) =-0.19. p = 0.001),
and CSM scores and bedtimes on free days ({333) = -0.29, p < 0.001). A medium and
negative correlation was observed between CSM scores and rise times on free days
(r{333)=-041, p < 0.001).

18 — 35 years of age sample. In this subsample, significant and negative
correlations were observed between CSM scores and sleep variables. A strong and

negative correlation was attained between CSM scores and the approximate midpoint of
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nocturnal sleep (r{1018) = -0.54, p < 0.001). A medium and negative correlation was
obtained between CSM scores and the corrected approximate midpoint of nocturnal
sleep (/{1018) =-0.45, p < 0.001). A small and negative relation was observed between
CSM scores and sleep restriction extension pattern (+{1018) =-0.12, » <0.001).

A strong and negative correlation was obtained between CSM scores and bed
times on weekdays (r(1018) =-0.54, » < 0.001). A medium and negative correlation
was observed between CSM scores and rise times on weekdays ({1018) =-041,p <
0.001). and CSM scores and bedtimes on free days (r{1018) = -0.46, p < 0.001). A large
and negative correlation was observed between CSM scores and rise times on free days
(r{1018) =-0.54. p < 0.001).

36 — 59 years of age sample. Once again, significant and negative correlations
were observed between CSM scores and sleep variables. A large and negative
correlation was attained between CSM scores and the approximate midpoint of
nocturnal sleep (r{281) =-0.54. p < 0.001). and between CSM scores and the corrected
approximate midpoint of noctumnal sleep (~(281) = -0.50, p < 0.001). A small and
negative relation was attained between CSM scores and sleep restriction extension
pattern (+(281) = -0.16, p = 0.008).

A medium and negative correlation was obtained between CSM scores and bed
times on weekdays ((281) =-0.43, p <0.001), and between CSM scores and rise times
on weekdays (r(281) =-0.44, p < 0.001). A large and negative correlation was unveiled
between CSM scores and bedtimes on free days (+{281) =-0.50, p < 0.001), and also
between CSM scores and rise times on free days (+(281) = -0.56, p < 0.001).

60) — 75 years of age sample. Significant and negative correlations were observed
between CSM scores and almost all sleep variables. A large and negative correlation

was obtained between CSM scores and the approximate midpoint of nocturnal sleep
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(r{106)=-0.69, p < 0.001), and between CSM scores and the corrected approximate
midpoint of nocturnal sleep (+{106) = -0.63, p < 0.001). A non-significant correlation
was unveiled between CSM scores and sleep restriction extension pattern (+{106) = -
0.09. p=0.36).

A medium and negative correlation was attained between CSM scores and bed
times on weekdays (r(106) =-0.47, p < 0.001). A large and negative correlation was
observed between CSM scores and rise times on weekdays (+(106) = -0.61. p < 0.001).
A medium and negative correlation was unveiled between CSM scores and bedtimes on
free days (+(106) =-0.37, p < 0.001). Lastly, a strong and negative relation was
observed between CSM scores and rise times on free days (+106) = -0.59, p < 0.001).

Discriminant validity — sleep-wake schedules.

Main subsample. A small and positive correlation was found between CSM
scores and time in bed on weekdays ({1745) = 0.06. p = 0.01). A small and negative
correlation was observed between CSM scores and time in bed on free days (+{1745) =-
0.09. p < 0.001). A non-significant correlation was unveiled between CSM scores and
global time in bed ((1745) = 0.01, p = 0.58).

12 - 17 years of age sample. A small and positive correlation was unveiled
between CSM scores and time in bed on weekdays (r{333) = 0.24, p < 0.001). A small,
negative, and non-significant correlation was obtained between CSM scores and time in
bed on free days ({333) =-0.1, » = 0.08). A small and positive correlation was
observed between CSM scores and global time in bed (+{333) = 0.12, p = 0.03).

18 — 35 years of age sample. A non-significant correlation was found between
CSM scores and time in bed on weekdays (+{1018) = 0.05, p = 0.15). A small and

negative correlation was obtained between CSM scores and time in bed on free days
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(r{1018) = -0.08, p = 0.01). A non-significant correlation was attained between CSM
scores and global time in bed (+{1018) = 0.01, p = 0.76).

36 — 39 vears of age sample. Non-significant correlations were found between
CSM scores and time in bed on weekdays ((281) = 0.08, p = 0.20). time in bed on free
days (n{281) =-0.10, p = 0.10). and global time in bed (+{281) = 0.03, p = 0.67).

60 — 75 years of age sample. Non-significant correlations were found between
CSM scores and time in bed on weekdays (+(106) = -0.13, p = 0.18), time in bed on free
days (r{106) = -0.16, p» = 0.10), and global time in bed (+{106) = -0.14, p = 0.14).

Discriminant validity — sleep quality.

Main subsample. A small and negative though significant correlation was
obtained between CSM scores and BaSIQS scores (+{1639) = -0.07, p = 0.003).

18 — 35 years of age sample. A small and negative correlation was observed
between CSM scores and BaSIQS scores (1{994) =-0.12. p < 0.01).

36 — 39 years of age sample. A small and negative correlation was attained
between CSM scores and BaSIQS scores (1{292) =-0.17 , p = 0.003).

60 — 73 years of age sample. A non-significant correlation was obtained between
CMS scores and BaSIQS scores (/{339) =-0.07, p=0.19).

Internal consistency. The internal consistency results for the CSM using the
general sample. and for each subsample, are displayed in Table 2.

General sample. The CSM appeared to have good internal consistency in our
global sample, as a = 0.87. All items appeared to be worthy of retention, as removing
items would reduce Cronbach’s alpha. The item-total correlations assumed appropriate
values (0.41 - 0.68) (Ferketich, 1991). suggesting that the CSM is a homogeneous

scale.

32/209/



Running head: VALIDITY, RELIABILITY AND NORMS OF THE C5M 22

12— I7 years of age sample. The CSM appeared to have good internal
consistency in this age group, as o= 0.79. Results suggest that all items should be
retained, as no alpha increase would occur from item deletion. Item-total correlations
showed to be appropriate (0.28 — 0.52).

18 — 35 pears of age sample. Once more, the scale appeared to have good
internal consistency, as a = (L85, Similar to the previous results, all items were worthy
of retention. The greatest increase in alpha would be caused by deletion of item g, but
removal of this item would increase alpha only by 0.003. Item-total correlations
revealed to be appropriate (0.43 - 0.67).

36— 39 pears of age sample, The scale seems to have good internal consistency
in this age group, as a = (.88, All items should be retained. The greatest increase in
alpha would be caused by deletion of item g, but removal of this item would increase
alpha only by 0.007. All items correlated with the total scale to a good degree (0.33 -
0.60).

680 — 75 years of age sample. Once again, the CSM shows to have good internal
consistency, as @ = (L83, Results suggest that all the items should be retained. Item-total
correlations were adequate (0.36 — (L62).

76 — 95 years of age sample. The scale seems to have good internal consistency
in this age group, as o = 0.%3. All items should be retained. The greatest increase in
alpha would be caused by deletion of item g, but removal of this item would increase

alpha only by 0.006. All items correlated with the total scale to a good degree (0.23 —

0.67).
Table 2
Corrected item-total correlations and alpha values for the C3M, for the general sample and each one of
the subsamples
Item Item-total Item-total Item-total Item-total Item-total Item-total
CSM correlations correlations correlations comrelations correlations correlations
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General 12-17ycars 18-35ycars 36-59ycars 60-7Sycars 76— 95 ycars

Sample
A 0.64 051 0.60 0.62 0.58 047
B 0.52 044 0.48 047 0.41 032
C 0.60 042 0.56 0.63 0.50 047
D 0.53 048 048 0.60 0.44 0.57
E 048 0.39 0.46 0.52 0.39 0.50
F 041 032 0.44 053 0.38 049
G 041 0.28 0.35 0.30 0.40 023
H 0.49 0.33 0.48 0.55 0.44 0.51
1 0.68 047 0.66 0.70 0.6l 0.60
J 0.60 045 0.47 0.62 0.59 051
K 0.57 0.52 0.55 0.61 0.48 046
L 048 041 043 0.60 0.36 044
M 0.67 0.52 0.67 0.63 0.62 0.67
Alpha 0.87 0.79 0.85 .88 0.83 0.83

Test-retest reliability. A strong and positive correlation was obtained between

the CSM scores obtained at two distinct testing sessions (+{38) = 0.89, p < 0.001).
Study 2: Norms and Influence of Demographic Variables

Regression-based norms (RBN) are particularly useful for the estimation of
chronotype whilst controlling for the influence of age. The estimation of RBN allows us
to determine to which extent age indeed adds to the variability of CSM scores, and
whether this contribution can be translated into a linear relationship or a quadratic one.

Additionally, the contruction of RBN enables us to verify if other demographic
variables (such as gender and years of formal education) also influence CSM scores.
Method

The relationship that captures the influence of age on CSM scores in our general
sample can be represented by a cubic curve with two inflection points. One inflection
point represents the end of adolescence (with increasing eveningness tendencies
transitioning into increasing momingness preference), and a second inflection point
occurs in the 70s age group (with increasing morningness preference shifting into

increasing eveningness tendencies).

34/209/



Running head: VALIDITY, RELIABILITY AND NORMS OF THE CSM 24

Rather than obtaining a single set of RBN that expresses this cubic component
(an unusual procedure), we divided our global sample into two subsamples. As such. in
each subsample the relationship between age and CSM scores can be represented by a
quadratic curve with one inflection point. which is usual in the obtainment of RBN.

Furthermore, the biological processes that cause each one of the inflection points
are distinct and cannot be represented by the same set of RBN. Through visual
inspection we determined the cutoff point to be 24 years of age. Consequently, the first
subsample contains the inflection point that determines the end of adolescence, where
morningness preferences begin to increase. The other subsample is thus marked by
rising morningness tendencies, which is characteristic of adulthood. This cubic
relationship between age and CSM scores in our global sample can be observed in

Figure 1.
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F@ 1. Cubic r;hlim.'nhip between age and mean d»l scores.
Participants

12-24 years of age subsample. The initial subsample consisted of 1067
participants (51.5% women), with ages between 12-24 years (M = 18.89; SD = 3.59),
and with 6-17 years of formal education (M= 12.19; SD = 2.92). Six participants were
excluded because of inconsistent responses and inconsistencies on the CSM. meaning
that individuals who answered items in one direction and answered conceptually similar
items in a different direction were removed from the sample. Thirteen participants were
equally excluded as they represented influential cases in the linear multiple regression
analysis, based on the DFFIT values (Belsley. Kuh, & Welsh, 1980). The final sample
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consisted of 1048 participants (51.7% female), with ages between 12 and 24 years (M =
19.04: SD = 3.54), and 7-17 years of formal education (M = 12.23; SD = 2.89).

25 — 95 years of age subsample. The sample comprised 1662 participants
(57.3% women), with ages between 25 — 95 years (M = 50.01; SD = 17.96), and 0 - 19
years of formal education (M = 11.64: SD = 5.03). No cases were excluded.

Data preparation

In order to address missing data in our 12 — 24 year old subsample, we resorted
to multiple imputation (Manly & Wells, 2014). Thirty-two participants did not complete
all of the items on the CSM, with 4.36% of the data missing. The missing data did not
follow a systematic pattern. We selected the automatic imputation method to impute
missing values (Enders, 2010).

Impact of Demographic Variables on CSM Scores

Data analyses.

Multiple regression analyses were conducted to assess the contribution of
demographic variables (gender and age) on CSM scores, for each subsample. CSM
scores were entered as dependent variable whilst age and gender were entered as
predictors. Linear (age) and quadratic (age®) terms were entered for the age variable,
allowing for a curvilinear relationship between age and CSM scores.

The full and initial regression models were reduced in a stepwise manner, excluding the
non-significant predictors from the model (e.g., Oosterhuis, 2017). The significant
predictors that were identified by this stepwise procedure were entered in a final linear
multiple regression analysis. For this last model, the assumptions of the multiple
regression model were checked, as well as the absence of influential cases. Cases were

considered influential when the absolute value of its DFFIT was greater than 2 x \(p/n),
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where p indicates the number of significant predictors (Belsley et al., 1980). Any
influential cases were excluded from the final analysis.
Results.
12-24 years of age subsample. The contribution of gender, age. and age’ to
CSM scores was examined through multiple regression analyses. The significant
predictors identified by means of stepwise reduction were age and age’. Gender
revealed to be an insignificant predictor. Age and age® were entered in a final linear
multiple regression analysis. Both linear (f = -0.94: p = 0.007) and quadratic terms (f =
0.79: p = 0.02) significantly influenced CSM scores. The model as a whole is significant
(F(2.1047)=15.65; p < 0.001). explaining 2.9% of the variance. Results can be found in
Table 3.
Table 3
Final Linear Regression Analysis with the

Demographic Variables (age, age’) that Influence
CSM Scores in the 12-24 Aged Sample

B SE B
Constant 49.12 5.55
Age -1.69 0.62 -0.94*
Age’ 0.04 0.02 0.79*

Note. B = unstandardized regression cocflicient; SE

= standard crror; B = standardized regression

cocflicient. N = 1048. *p = 0.05.

25-95 years of age subsample. The contribution of gender, age. and age” to

CSM scores was examined through multiple regression analyses. The significant
predictor identified by means of stepwise reduction was age. Age” and gender revealed
to be insignificant predictors. The model as a whole is significant (F(2,1660) = 296.91:
p < 0.001), explaining 15.2% of the variance. Results can be found in Table 4.

Tablc 4

Final Linear Regression Analysis with the

Demographic Variables (age, age’, years of formal

education) that Influence CSM Scores in the 25-95
Aged Sample

B SE B
Constant 27.63 0.50
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Age 0.16 0.01 0.39*
Note. B = unstandardized regression cocficient; SE
= standard error; B = standardized regression
cocflicient. N = 1662. *p < 0.001.

Regresslon-Based Norms

Data analyses. So as to obtain a CSM score that takes into the account the
influence of demographic variables, RBN were obtained for each one of the subsamples.
The RBN algorithms provide the opportunity to standardize the obtained CSM scores.
generating a Z score. The Z score can be easily converted into a percentile rank by
consulting a Z distribution table. The algorithm includes the regression coefficients
calculated for each relevant demographic variable, and, to implement the
standardization of the testee’s residual, the standard deviation of the residuals in the
normative sample. Individual scores can be standardized by following these steps (Van
Breukelen & Vlaeyen, 2005; Van der Elst, Dekker. Hurks, & Jolles, 2012): 1) the
testee's predicted CSM score is calculated by means of the final regression model; 2)
the residuals of the score are computed (residual = observed value - predicted value): 3)
The participant’s residual is standardized (the residual is divided by the standard
deviation of the residuals of the normative sample).

Results.

12-24 years of age subsample. In this subsample, both age and age significantly
influenced CSM scores, as determined by the multiple linear regression analyses. A
regression-based algorithm was obtained so that CSM scores can be adjusted for age

and age”. The following equation was obtained*;

* So as to exemplify the usage of the equation. consider the example of a participant with 15
years of age and a CSM score of 35. In order to obtain a standardized score, the user is required
to complete the equation with the participant’s CSM score and age. The following equation is
obtained:

Z CSM = [35 - (49.117 - (1.694 * 15) + (0.039 * 15%)) + 0.1181] / 6.28558
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Z_CSM = [CSM score — (49.117 - (1.694 * age) + (0.039 * age?)) + 0.1181] / 6.28558

In Table 5. descriptive statistics and the 10", 25%, 75% and 90" percentiles for the CSM

can be found.
Table 5
Stratified Descriptive Statistics, CSM Scores and Percentiles for the 12 — 24 Years of Age Sample
Age Gender Education  CSM scores Percentiles
Age = .
n M SD . M SD M SD P10 P25 P75 P90

groups
12-16 279 1408 1.33 141 138 859 134 3304 597 25 29 37 41
17-21 443 1936 1.32 232 211 1261 160 309 645 23 26 36 39
22-24 326 2285 081 170 156 1489 194 3059 638 22 260 35 39

Note. N = 1048. Influential cases were excluded. M = mean, SD = standard deviation, . = female,

"= male.

25-95 years of age subsample. In this subsample, age significantly influenced
CSM scores, as determined by the multiple linear regression analyses. A regression-
based algorithm was obtained so that CSM scores can be adjusted for this variable. The

following equation was obtained™:

Z_CSM =[CSM score — (27.629 + 0.162 * age) + 0.0224] / 6.86079

The result 1s a standardized score of approximately 0.42. Consulting a Z distribution table, this
Z score can be converted into a percentile rank of 66.28. This result is suggestive of an
intermediate chronotype.

* So as to exemplify the usage of the cquation, consider the example of a participant with 68
years of age and a CSM score of 31. In order to obtain a standardized score, the user is required
to complete the equation with the participant’s CSM score and age. The following equation is
obtained:

Z_CSM = [31 —(27.629 + 0.162 * 68) + 0.0224] / 6.86079

The result is a standardized score of approximately -1.11. Consulting a Z distribution table, this
Z score can be converted into a percentile rank of 13.35. This result is suggestive of an evening
orniented chronotype.
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In Table 6, descriptive statistics and the 10®, 25", 75" and 90" percentiles for the CSM

can be found.
Table 6
Stratified Descriptive Statistics, CSM Scores and Percentiles for the 25 — 95 Years of Age Sample
Age Gender Education CSM scorcs CSM Percentiles
Agcgroups n M __SD - 7 M __SD M __SD PI0 P25 P75 P9
25-29 319 2682 145 165 154 1496 241 3205 676 22 27 37 4
30 -34 159 3181 137 100 59 1445 205 32,18 733 22 28 37 40
35-39 119 3690 144 74 45 1398 201 3322 813 21 28 40 492
40 - 44 143 4201 136 97 46 1446 311 3500 739 24 30 40 44
45-49 120 4678 138 72 48 1391 349 3542 729 25 31 41 e
50 - 54 78 5164 149 48 30 1351 462 3455 78 26 131 39 4
55-59 73 5725 151 38 35 1396 398 3723 659 27 34 42 &5
60 - 64 128 6205 153 72 56 938 451 3866 683 30 34 4 47
65 - 69 225 6684 147 119 106 772 446 39.18 607 30 36 44 447
70 -74 190 7188 153 106 84 722 452 3887 621 30 35 43 46
5-79 68 7625 151 43 25 649 416 3850 646 29 35 44 46
S0+ 40 8632 383 19 21 408 476 4038 6.18 32 36 46 49

Note. N = 1662. M = mean. SD = standard deviation, . = female, = male.

With the present studies, we aimed to obtain reliability and validity data for the

Portuguese version of the CSM, to explore the influence of demographic variables on

CSM scores, and to provide RBN that control the influence of these variables on CSM

scores. Two sets of RBN were created so as to adequately capture each age group’s

particular circadian timing.

Concerning the results of the convergent validity study. significant and negative

correlations were obtained between CSM scores and all sleep schedule variables. Our

results are similar to those obtained by other authors (e.g.. Jankowski. 2015: Randler.

2009). and suggest that earlier sleep schedules are associated with greater morningness

preference. For instance, Randler (2009) has reached analogous outcomes, with
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correlations between CSM scores and sleep schedule variables ranging between -0.151
and -0.601.

Furthermore, and as foreseen, a negative and significant correlation was
obtained between CSM scores, approximate midpoint of nocturnal sleep, and corrected
approximate midpoint of nocturmal sleep. These results suggest that E-types have later
midpoints of sleep, and are supported by other authors (e.g., Zavada, Gordijn, Beersma,
Daan, & Roenneberg, 2005). A negative and significant correlation was obtained
between CSM scores and the sleep restriction extension pattern. meaning that E-types
experience reduced sleep during the week and extend their sleep duration during the
weekend. According to Roenneberg. Wirz-Justice, and Merrow (2003), E-types tend to
accumulate sleep debt during the workweek, for which they compensate on free days by
prolonging their sleep. This finding is replicated by several other studies (e.g., Roepke
& Duffy, 2010; Vitale et al., 2015).

This pattern of results is replicated in all of the subsamples. However, in the 60 —
75 years of age subsample, a non-significant correlation was found between CSM
scores and the sleep restriction extension pattern. This might be because individuals in
this age range might be retired (or nearing retirement), attenuating the differences
between week day and free day schedules.

Our results indicate that the Portuguese version of the CSM has good convergent
validity, significantly correlating with related variables. The instrument also shows
good convergent validity across different ages and developmental points, as the CSM
scores significantly correlate with related variables through the specific subsamples.

In terms of the CSM’s discriminant validity resorting to time in bed. a small and
positive correlation was found between CSM scores and time in bed on weekdays.

Although this result is not easily supported by other studies, this might be explained in
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the context of the bedtime procrastination phenomenon. Kithnel, Syrek, and Dreher
(2018) found that E-types tend to suffer more from bedtime procrastination on work
days than M-types. Even though later chronotypes intend to go to bed on time in order
to obtain sufficient sleep on work days, they are unsuccessful in doing so, as “(...)
biological processes do not support the realization of their intention” (Kihnel et al..
2018, p. 2). This might explain why E-types tend to spend less time in bed on week
days. Furthermore. Giannotti, Cortesi. Sebastiani, and Ottaviano (2002) also found that
eveningness is associated with shorter time in bed on week days.

A weak, negative, though significant correlation was observed between CSM
scores and sleep duration on free days. This result is replicated by other authors (e.g..
Giannotti et al., 2002: Lo, Leong, Loh, Dijk, & Chee, 2014: Roepke & Duffy, 2010). E-
types tend to accumulate sleep debt during weekdays and try to compensate this loss
during free days. As such, greater eveningness is associated with a longer sleep duration
on free days. No significant correlation was found between CSM scores and global time
in bed.

Almost only non-significant correlations were found between these variables and
CSM scores in the subsamples. However, small and positive correlations were found
between CSM scores and time in bed on week days, and CSM scores and global time in
bed, in the 12 — 17 years of age subsample. It seems that, in this subsample, greater
morningness is associated with more time in bed. A small and negative correlation was
found between CSM scores and time in bed on free days in the 18 — 35 years of age,
suggesting that E-types spend more time in bed on free days.

A weak and negative albeit significant correlation was unveiled between CSM
scores and BaSIQS scores. This result was not foreseen, as in a study conducted by

Miller-Mendes, Gomes, Ruivo Marques, Clemente, and Azevedo (2019). a non-
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significant correlation (r, = -0.03) between CSM scores and BaSIQS scores was
obtained. Our result suggests that reduced sleep quality is associated with greater
eveningness, a trend supported by other studies (e.g.. Rique, Fernandes Filho, Ferreira,
& de Sousa-Munoz, 2014; Vitale et al., 2015). For example, Rique et al. (2014) found.
in a sample of medical students. a significant and negative correlation between MEQ
scores and Pittsburgh Sleep Quality Index (PSQI) scores. However, the stronger
correlations between diurnal preferences and quality of sleep reported by other authors
might be due to the fact that the PSQI (Buysse, Reynolds. Monk, Berman, & Kupfer.
1989) is commonly employed. This instrument includes questions about sleep-wake
schedules, which are strongly related to chronotype.

Our weak though significant correlation between CSM scores and BaSIQS
scores might be explained by the fact that the discriminant validity study's sample
includes a great number of adolescents and students (n = 573). with ages between 17
and 24 years. This age group is characterized by a greater eveningness preference, and
students usually report poor quality of sleep and sleep hygiene (e.g.. Brown, Buboltz, &
Soper. 2002), perhaps warranting a significant and negative relation between CSM
scores and BaSIQS scores.

The correlation between CSM scores and BaSIQS scores was non-significant
only in the 60 — 75 years of age subsample.

Regarding the CSM’s discriminant validity, inferior correlations were obtained
in the discriminant validity study than those in the convergent validity study. suggesting
that the CSM is not highly correlated with different, though somewhat related,
constructs. Also, in each one of the subsamples, non-significant or weak correlations

were found between CSM scores, sleep schedule variables, and BaSIQS scores,
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suggesting that the CSM does not greatly correlate with less related variables across
different ages and developmental points.

We explored the CSM’s internal consistency in both the global sample and in
several subsamples, thus including age ranges that are generally not considered in
psychometric studies. In the global sample. the CSM appeared to have good internal
consistency, as a = 0.87. The item-total correlations assumed appropriate values,
supporting the scale’s homogeneity. Other authors have attained comparable results.
Jankowski (2015) obtained an alpha value of 0.84. and Randler (2009) reported an alpha
of 0.85.

Regarding the internal consistency of the CSM in the subsamples, alpha values
indicating good intemal consistency were obtained. All items correlated with the total
scale to a good degree. The CSM seems to be a consistent and homogeneous scale
across various age groups and different developmental periods.

So as to explore the CSM's temporal stability, 40 participants were assessed on
two different occasions. A 0.89 test-retest coefficient was obtained, surpassing the 0.7
threshold for adequate test-retest results (Nunnally, 1978). This outcome indicates that
the CSM is capable of yielding consistent results over time. With and interval of 11-12
weeks between testing sessions. Randler (2009) obtained a test-retest coefficient of
0.88.

The results of our studies indicate that the Portuguese version of the CSM isa
valid and reliable instrument, appropriate for the estimation of chronotype in a wide
range of ages.

In order to attain adequate RBN, the influence of demographic variables on

CSM scores was examined. As the relationship between age and CSM scores in our
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sample was represented by a cubic curve with two inflection points, we divided our
global sample into two subsamples (12 — 24 years of age and 25 — 95 years of age).
Multiple regression analyses were conducted in order to assess the influence of
demographic variables (age and gender) on CSM scores. In our 12 - 24 years aged
sample, we have assessed the influence of age. age”, and gender on CSM scores. Both
linear and quadratic terms for age exerted a significant influence on CSM scores.
Differences between gender did not reach statistical significance. Our results indicate
that within this sample CSM scores decrease with age, suggesting greater eveningness.
Our outcomes are in accordance with the existing literature, as several authors have
found that during puberty chronotype becomes progressively later. Roenneberg et al.
(2004) suggest that a peak in lateness is reached at around 20 years of age. Thereafter.
chronotypes become progressively earlier (Carskadon, 2011; Carskadon et al., 1993;
Roenneberg et al.. 2015; Roenneberg et al., 2004). Other studies have obtained similar
results to ours. For instance. Randler (2011) also found that, in adolescents aged 12 - 23
years, a decrease in CSM scores occurs.

As already mentioned, contradictory results exist regarding gender influences on
chronotype. Our results suggest the inexistence of such influences. Other studies have
reached similar conclusions in adolescent and young adult samples (e.g., Lehto et al.,
2016: Russo, Bruni, Lucidi, Ferri, & Violani, 2007).

Regarding our 25 — 95 years old sample, we equally explored the influence of
age, age’, and gender on CSM scores. Only age significantly influenced CSM scores,
whilst no gender differences were found. Our outcomes show that CSM scores
increment with advancing age, suggesting greater morningness tendencies. Various

authors have also found that chronotype advances with increasing age, pointing to an
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advance in circadian timing (e.g., Juda, Miinch, Wirz-Justice, Merrow, & Roenneberg,
2006; Paine et al.. 2006).

As already mentioned, no gender differences regarding chronotype were found.
Other authors have reached similar conclusions in adult samples (e.g., Caci et al.. 2009;
Paine et al.. 2006).

Our results suggest that our two samples (12 — 24 years of age and 25 - 95 years
of age) display specific circadian timings. The younger sample shows greater
eveningness tendencies whilst the older sample is marked by an increase in
morningness. An accurate classification of chronotype depends upon the comparison of
an individual’s performance against the appropriate standard. vindicating the necessity
of creating two distinct RBN that take this circadian advance/delay into account.

Scales that assess chronotype have been almost exclusively validated using
student and young adult samples, which is the case of the MEQ and the CSM. for
instance. Consequently, the derived cutoff scores are not useful in adolescents, middle-
aged and older adults, with the distribution generally being skewed towards
eveningness. For instance, Taillard et al. (2004) found that MEQ scores do not
adequately assess E-types in older samples, as they generally fall within the
morningness category. It is important not to forget that different chronotypes continue
to exist throughout the lifespan, despite of the increase in morningness with advancing
age. Therefore, we have created two distinct sets of RBN for different age groups.
providing the opportunity to estimate one’s true chronotype.

Our study is unique in that it is the first one to provide RBN for the
determination of chronotype, allowing for the control of demographic variables on CSM
scores. Furthermore, and differently from the authors of the CSM. who have obtained

cutoff scores based solely on percentile 10 and 90, we have calculated cutoff scores
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based on percentiles 10, 25, 75, and 95. The original cutoff scores for the CSM yield
three chronotype categories: E-type. intermediate type, and M-type. We find that these
original cutoff scores are somewhat restrictive, as they only consider the extremes of the
morningness-eveningness continuum. Cutoff scores derived from the 10", 25, 75% and
90" percentiles allow us to consider more chronotype categories (definite E-type.
moderate E-type, intermediate type. moderate M-type. definite M-type). thus permitting
a more refined classification of chronotype.

In conclusion, the Portuguese version of the CSM seems to possess good
psychometric properties, being adequate for the assessment of chronotype in a wide
range of ages. RBN allow for the estimation of chronotype whilst controlling for the
influence of several demographic variables. Following a more “traditional™ approach,
cutoff scores based on percentiles 10, 25, 75, and 90 were also obtained, allowing us to
consider five chronotype categories.

One of the limitations of our study is the small number of participants aged 80
years and above (n = 29). In order to more extensively study the distribution of

chronotypes within this age range, greater samples should be collected in future studies.
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ARTICLEINFO ABSTRACT
Keywontc: Cognitive control allows i and beh to vary adap from
Cograzve comtrel &pdmnmtpkmdmmmmlmmhvmmmmhh
CumfMlict memttociog processing of cognitive comtrol are the Conflict Manitoring Theory (CMT) and the Prediction of Response-
Somitiin 36 Nenphane Oubvions Outcome Theory (PRO)L According to both theories, the implementation of cognitive control during a trial in a
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mlenmdmmu(s]ﬂmmlmw,_ conflict adaptation in the subsequent tnial. PRO p
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repetition and,‘or repetition of the stimulus position. In particular, the
accounts of cognitive control and coaflict resolution we intend o
confront, CMT ard PRO, yield predictions | g to the deploy
of cogritive control and its manifestations in sequence effects in conflict
trials that reflect not only the trials’ comgruency but also whether or not
trial n repeats the response or stimulus position that occcurred in tral n-
1. Mamely, for CWT, lateral inhibition between conflicting motor re-
pomse rep ions should late into neg priming effects
when a response inhibited im trial 8-1 is the correct response n irial a.
According to FRO, conflict resolution involves goal structures and ac-
tion plans that are absh:.l:t:ld.nnlmruﬂdu.td.j:m.rbﬂ:md to specific
mobor response Thus, P repetitions  should
mainly mhmd.mlh aspects of the control goal stractare assembled in
trial r-1, as for instance the repeated recruitment in trial a of an action
ﬂmnrhdq)ouﬁcp'udlﬂedrﬂ'pu‘lzlhatmr::ﬂmhﬂimmalnl
There are, additionally, scme garaticns of st T re-
petition that might affect trial sequences due to processes that have no
rebevance for examining the CMT,/PRO contrast and that would insbesd
ohscure mzrmlhhﬂmumlhatm That would be the case of
exact o that ocrur im ICC and C-C se-
qUENCES {bcn:ﬁlmg pmmmg; in the second triall. In both Mayr, Awh,
ard Laurey (2003) and Mievwenhuis et al. (2006], sequence effiects
were ahsent in a flanker task if sequences with exact stimul pomse
repetitions were excluded and if only response repetitions in the
absence of stimuli repetition (occwrring in 1C-C amd CC sequences,
mcreasing difficulty while processing the second trial) were considered
in the analyses. Other stodies found sequence effects in the flanker
task when stimulus and/or respomse repetitions effects were
comtralled (Ullsperger et al, 20053 Verbruggen, Notebaert,
Liefooghe, & Vandierendonck, 2006). Using other conflict tasks, studies
that comtrolled for both exact and partial stimualus.response repetitions
also identified sequence effects, namely with the Stroop and Simon
tasks (Motebaert, Gewers, Verbruggen, & Liefooghe, 2006; Sturmer
et al., 200Z; Wuahr & Ansorge, 2003). Owerall, these findings highlight
the relevance for sequence effect studies of climmating the effect of
complete stimulus-response repetitions amd incorporating into their
design the distinctive features of the remaining repetition combina-
tioms, response repetition without stimulus repetition and complete
In the experiments we conducted to probe these sequence effects,
we omitted full stimul F repetitions. A spatial Stroop task was
wsed. Although the sequence effects that interest us were first described
with respect to the Eriksen flanker task, we considered that a task
which spatial position segregates irrelevant (flankers) and relevant in-
formation {target) information would not be the most appropriate
ground io conduct a comparison between CMT and PROD accounts of
cognitive contral. This is because in an Erksen flanker task conflict
trial, a response according to flanker information is never a prevalent
response and, therefore, is not a particularly strong competitor to the
appropriate resporse. Additionally, the spatial segregation of rebevant
(central) and irrelevant information (left and right) probably facilitates
the use of low-level attentional strategies that could effectively elim-
imate flanker interference. Taken together, these aspects of an Eriksen
flanker task could contribute to results reflecting a fairly simple per-
ceptual tuning effect or some visaal attention biasing strategy that
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1.4. The sparial Stroop nosk and cogitive control

In a spatial Stroop task, direction-words or arrows may be used as
stimuli. In the armow-version of such tasks (Funes, Lupianez, & Milliken,
2007; Lao, Lupianer, Punes, & Pu, 2013; Luo & Proctor, 20013), partici-
pamnts are asked to respond to the beftright direction of an ammow re-
gardless of its keft/right position on a compater screen. As in the Simon
task [Simon & Small, 1963), there is a tendency to respond with the
hemibody matching the side of the stimualus presentation. This effect
provides, mlhmnFasmmhamn}uﬂmm
ciated with the irrel ion that must somehow be
suppressed in conflict trials. In the spatial Stroop task, both StHmulus
stimulus (5-5) and Stimulus-Response (5-R) interference are present
(Verbruggen, Liefooghe, Notebaert, & Vandierendonck, 2003). Conflict
in IC trials may therefore emerge at two distinct levels: 5-5, pertaining
to sclectively attemding one or the other :iniwmali:un souarce present,
ard 5-R, pertaining to the competi for each aof the
information sources. In congruent In:k . 55 conflict ITIJ.,' arise, but 5-R
canflict is absent since both information sources map cnto the sme
response. Crucially, ©MT and FRO theories differ in their account of
canflict resolution. According to both the CWT and FRO theories, in 10
trials, two incompatible responses are prepared: (i) the response ac-
carding to the armow’s direction and (ii) the response acconding to the
arrow’s position. The presence of different response options is identified
as impeding a successfal trial, and the level of control & increased to
overcome the situation. After this initial step, the OMT and PRO the-
ories advocate different mechanisms to achieve conflict resolution.
CMIT propases that increassd control transkates into an enhancement of
the task-relevant dimension (i.e., direction]), reducing imterference from
the task-irelevant dimension (i.e., position). This biased activation
Aowing between layers, from the stimulus onto the response layer, in-
duces higher activation of the response linked to the amow's direction.
According 1o the computational model proposed by Botvimick et al
(2001, kteral inhibition magnifies the differential activation of units
‘within the response layer (left/right responses) and within the stimualus
features’ layer (direction and position units). This interplay of binsed
between-layer activation and within-layer laberal inhibition eventaally
resclves conflict. PRO advocates that conflict in an 1C trial comes from
the existence of multiple response plans and comesponding expected
respanses. When an IC trial signals the expectation of responding to the
task-irrelevant information, top-down controd i recruaited, establishing
the goal of suppressing the action plan with the least favourable out-
come. Assigming such an oubcome reguines activation of the task's cri-
terion that identifies the action plan associated with a predicted in-
carrect respanse, which, in our spatial Stroop task, is the one yielding a
respanse to the side where the armow is located. This action plan is
associated with an unacceptable cost (i.e., an emmoneous response], and
its execution must therefore be prevented. Crucially, the PRO advocates
that cognitive control always acts by choosing the best cost-effective-
ness process. The suppression of the incommect action plan & the miost
cost-effective process, leaving only the task-appropriate action plan
(e.g.. responding to the side indicated by the amow's direction) avail-
able for execwtion. It should also be moted that the response re-
presentations that are in use during conflict processing lie at different
abstraction bevels for the CMT and for the PRO. While for the CMT these

might not heavily rely on top-down control. Since we were i 1
probing the natare of such contral mechanisms, we devised a task more
likely to reflect their intervention. Mamely, we conflated in a single
stimulus irrelevant left/right position mformation with relevant direc-
tion information. This yielded the spatial Stroop task that we used
oUr experiments, rﬂ:ma.nlyrnq_umngmd:puumelm
sng to dissociate inft pon and creating
mmhwuml}!:wuﬂmmmﬂmmduh
the presence of a Simon effect.

rep ions are closer o the motor programs responsible for ex-
ecution—as indicated by the mutual lateral inhibition connections be-
tween imcompatible responses, wpon which conflict detection re-
lies—for the PRO, the relevant representations are notably more
absiract (action plans and o ponding resp utcome  predic-
Hioms).

We present three experiments designed to contrast CMT and FROD
predictions with respect to sequence effects in a spatial Stroop task, in
which the congruency type of the first in a two-trial sequence was
varied, as well as response/position repetition. Only trials without
complete stimulus-response repetitions were ased.
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2. Experiment 1 - sequence effects on congruent (C) trials
21. Furpose

In Experiment 1, we analysed the effect of the tnal a-1 congraency
type on an A C trial. Three different types of C trials were comsidered: cC
trials without response repetition (oC™ " J; icC triaks with respanse re-
petitian (icC" = ); and icC trials withowt response repetition (ioc™ = ).

We expecied that the processing of both icC™ ™ and icc™ ™ trials
would be impaired relative to oC™ ® h'nhmnhngbucu'rmnllc
trials, the bizsed activation of the rel mfi ion (ie,
direction) leads to increased saliency of the direction response, with a
corresponding decrease in the position response pathway. According to
PRO, the goal of suppressing the action plan associated with an ex-
pected mcomect resp that was hlished to obtzin the best out-
come in the n-1 IC trial should be primed in the n C trial, as should the
criterion defining incomectness (i.e., same-sided response-stimulus). In
the n C trial, this sefup initially results in inappropriate marking for
suppression the correct response, since in a C trial, direction and po-
sition information lead to the same response.

For the comparison of the ioc™ ™ and ioC™* trials, we expected, ac-
cording to CMT, an impairment in icC” ~ trials due to lateral inhibition
within the resporse layer. In the icC™* trials, direction and paosition are
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2.2, Method

Z2.2.1. Participants

Forty undergraduate Psychology students at the University of
Coimbra participated for course credit. All participants provided
written informed consent in accordance with imstitutional guidelines.
Exclusion criteria comprised curmrent or previous diagnosis of a psy-
chiatric or neurologic dsorder, psychoactive medication use, brain in-
jury, and uncormected wisual impairment. Participants were screened for
depressive symptoms with the Beck epression Inventory I (Beck,
Steer, & Brown, 1990), and a cat-off of 20 points (i.e., moderate de-
pression sympioms) was used to determine exclusion. Due to the pre.
serwe of moderate depressive sympioms, three participants were ex-
cluded from data amalysis. As a resalt, data from thinty-seven young
adults (22 female; 18-26 years old, M = 19.14, 5D = 1.42; 11-17 years
of formal education, M = 12.5, 5D = 0.99) were analysed. All partici-
pamts in this and subseguent experiments took part in only one of them.

2.2.2 Materinls and procedure

Participants were tested on a compuer running E-prime software
(Psychology Software Tools, Inc.; www.psinet.com, products,/e-prime
1. They sat comfortably in front of a 17" computer screen at a distance

mapped onto the same response, but this response is the one that was
suppressed due io lateral inhibition between the left-right responses in
the n-1 IC trial. The resporse required in the n C trial is the one inhibited
in the n-1 1C trial, leading to accrued impairment in the ioc* * trials
relative ko the icc™ ~ trials. PRO does not predict a differential impair-
ment of icC" ™ and icC® ~ trials, given that in the IC trial, an action plan
(“respond according to stimulus side™) was suppressed and not a specific
(left/right) repr iom af a motor resg

In addition to the C and IC trials included in the critical 5

of app ly 100 cm in a dimly lit room. During the task, three
white boxes were horizontally displayed on a navy blue screen (see
Fig. 1) one was presented centrally and the other two were presented
on each side of the ceniral box, equidistant from the centre of the
screen. The stimuli consisted of black arrows presented inside the k-
eral boxes. Participants were asked o maintain their fixation on the
centre of the screen before the target was presented. They were in-
structed to make left/right button presses wsing two switches, one held
in exch hand, in response to the right/left direction of an arrow._

described above, we included in mon-critical sequences position-only

(PO) trials {i.e., trials in which the participant has to respond according
to the position of black circles that do mot conwey any direction in-
formation). PO trials were introduced in order to reduce the possibility
of developing and automatizing fcilitating m'ahqpﬂ le.g., fnm.u.u,g

The seq e of events in each trial/sequence is shown im Fig. 1.

At the beginning of each trial, the fixation point (2 cross displayed
inside the box locabed in the centre of the screen) and two kberal boxes
flled with masks were presented for 300 ms. Then, the fixation point
disappeared from the central white box and the target appeared in the

right or left lateral boxes and remained on-screen until the participant

attenticn on the hexd of the arrow and sy ically F in-
formation concerming its spatial p-n:nnun}.. since I}n.l.mﬂld. rdl.l:: the
spatial Stroop effect (Lu & Proctor, 1993). In the PO condition, the sti-
mulus position is the relevant dimermsion, thus preventing the partici-
pants from automatizing the blocking of position information. The
propartion of PO trials was kept low (11% of the total trials) in order to
preserve the nature of the task. We expected to find a spatial Stroop
effect (iLe., impairment of IC trial processing relative to C tral proces-
sing), to which the PO trials should have contribated. The inclusion of
PO trials implied the presence of task-switching, as participants had to
e the instraction to respond according to the stimulus on-screen po-
sitinaing for PO trials and shift to the main mstraction of respanding to
the arrows' direction when such a stimules followed a PO (and wice-
wersal. To prevent a direct task-switching effect affecting the frst trial
(m-1]) in a critical sequence, which could somebow affect ETs and the
accuracy in the trial n, we controlled the type of tnals n-2 (ie., trials
preceding a-1)L PO trials never oocurred immediately before trials n-1.
PO trials wene oddballs in Experiment 1 (11%), and their rarity should
therefore prevent the necessity of keeping the PO task imstruction i
working memory while performing the dominant task. The presence of
FO trials probably amgplified conflict in the 1C trials due to the fact tha
position could not be sy wcally ignored ghout the task.
However, this possible amplification, although it may have had some
influence on the magnitude of the sequence effects under study, should
mot have affected their nature. Finally, the number and distance of PO
trials appearing before critical sequences could not comsistently differ
between different conditions of the experiments, and a confounding
wariable could not therefore emerge.

respanded, with a time Eimit of 2000 ms. Participants’ responses trig-
gered the offset of the stimualus display, which was followed by an inter-
stimulus imterval (150} that could vary between 100 and 600 ms. During
151, masks were displayed in the lateral boxes and the ceniral box re-
mained blank. Mask presentation was used to overcome afterimage
effect issues (Filling, 2007). A second trial then began with the sume
structure of the first one, starting with a fixation cross, followed by the
stimuli display. Stimulus offset was followed by a fixed inter-sequence
interval of 1100 ms to prevent accumulated eye strain while remaining
unnoticeable to participants, as confirmed during debriefing. As during
ISL, in the inber-sequence inberval, masks were displayed in the laberal
baxes and the central box remained blank during the imter-sequence
interval. The task comprised 664 trials that were presented in prear-
ramged sequences of which participants were unaware, the succession
of different trial types being perceived as random. The focus quvnﬂr
experiment was the following critical sequences: ioC™*, oc™ ™,
d:" l_’pee'hb.g A in the Appendix for 3 visual wubo-] Ful]
petitions (e.g., a C trial requiring the right response
pmdndh}-olh:rtmahlhumqumdlhemm}mnﬂ
included. To obtain an equal propottion of C and IC trals, filler se-
quences were created. These non-critical sequences included iciC erials
and cIC trials, as well as other sequence types combined with PO trials.
The proportion of C and IC trials was 44.38% each, and the pro-
partion of PO trials was 10.84%. The proportion of response types was
balanced in cur task, with 30% requiring a left response and 3090 re-
quiring a right response. The experiment comprised three short breaks,
dividing the overall duration of each participation imio four parts
comprising an equal namber of trials and keeping the proportions of ©,
I, and PO triaks stable in each part (166 trials, of which 72 were critical
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trials; overall: 74C trials, 74 IC trials and 18 PO trials). The overall
duration of the time-on-task was 20 min. Before engaging in the mam
task, participants performed 28 practice trials and were instructed to
respond as quickly as passible while trying to avoid errors.

223 Data anafysts
Sequence effects were amalysed by comparing three conditions
(ec™”, icc™ ” and icc™ ). Pairwise comparisons were always performed
wsing the Bomferroni correction. Potential confounding factors while
examining sequence effects may emerge as a consequence of inclading
error and post-error trials (Egner & Hinch, 2003). Error lrnls are fre.
quently associated with faster reaction times (RTx; 5 2002),
vrhlk post-error trials are associated with consistent Rstvung (Rabbitt
0). Thus, we excluded error and post-error trials from our amalyses.
Th':s procedure exciuded 9% of the responses. One percent of the re.
spanses were exchuded in the cc" ” condition, while 13% were excluded
in the icC*” and the icC™ ™ conditions. Anticipations (RTs < 100 ms
and RTs 35D lower than the participant’s mean for a given experimental
condition) and lapses of attention (RTs more than 35D higher than the
participant's experimental condition mean) were also excluded. This cut-
off procedure excluded < 2% of the remaining respoases with similar
exclusion rates for the different conditions ( = 1.8% in each condition).
To assess sequence effects, we performed two separate one-way repeated-
measures analyses of variance (ANOVAs), ane pertaining to correct re-
sponses’ RTs and the other to accuracy rates.
In addition to the sequence effect amalyses, differences in the

processing of C and IC trials were analysed in arder 1o assess the spatial

Stroop effect. Two paired-samples t-tests were performed for correct

responses’ RTs and for accuracy. Trial n-1 responses (i.c., first trial re.

sponses) in C-C and IC-C critical sequences were used in these analyses.
We used an alpha level of 0.03 for all statistical tests,

2.3, Results

The € and IC trials in Experiment 1 were compared before the
amalysis of the critical sequence effects. We found slower RTs for IC
trials (M = 301 ms, SD - 81.2 ms) refative to C trials (M = 435 ms,
SD = 77.2ms), ({30) = 11.720, p < 0.001, and lower accuracy rates
for IC trials (M = 88%, SD = 8.4%) relative to C trials (M = 99%,
SD = 1.3%), (30) = —7.920, p < 0.001. Thus, a rcliable spatial
Stroop effect was found relative to both RTs and accuracy. The asso-
ciation between Stroop interference and possible sequence effects is
heref duly gr ded. The 1 analyses concern the ex-
amination of such sequence effects.

RTs and accuracy rates for each sequence condition are shown in
Pig. 2

A repeated measures ANOVA determined that RTs differed sig-
nificantly between the sequence condittons [F(2, 72) - 47.001,
P < 0.001, ny = 0.307]. Pairwise comparisans revealed that the re-
sponses to the oC™* trials (M = 418 ms, SD = 83.9ms) were 39ms
faster relative to the icC" ” trials (M = 438 ms, SD = 89 ms) [F(1, 36)
= 00.918, p < 0.001, n; = 0.629] and 40 ms faster refative to the
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KC'T frials (M = 460 ms, 50 = B24ms) [A1, 36) = 95.19,
P < 0001, 15 = 0.728]. Theicc™ ™ and icc™ ™ trials’ RTsdid not differ
significantly [F(1, 38) = 1.648, p = 0207, §f = D044]. A repeated

ANDVA ok | that accuracy differed significantly be-
tween the sequence conditions [F2, 72) = 48.471, p < 0.001,
N = 0.574]. Pairwise comparisons revealed that responses to the oC" ~
Erials were 12% more accurabe (M = 97.1%, 500 = 1.8%) than those o
the ioC*™ ftrials (M = B3.4%, 5D = 9.2%) [F1, 30) - o0.803,
P < 0001, 57 = 0.628] and 11% more accarate than the respanses to
the ioC*™ trials (M = B3.8%, 5D = 8.9%) [F1, 306) = 64571,
P < 0001, 1p = 0.643]. The difference in accuracy between the icc™ ™
and icC® ™ trials was nan-significant [A{1, 38) < 1, ns].

As predicted by both PRO and CMT, the icc™ ™ and icc™ ™ trials
were impaired relative io the cC® ™ trials. Mo differences were found in
the processing of the ic™” and icC™ ™ trials. This result counters the
CMIT, from which we derived the prediction of an accrued impairment
in iec"” trials due to lateral inhibition in the resp Layer.
Accordingly, the results ohserved are better explained by the PRO,
highlighting the role of the suppression of the mcorrect action plan,
defined ar an abstract level in which representations of the specific
walues of stimulus attributes are mot mtegrated.

3. Experiment 2 - sequence effects on position only (PO) trials
31. Purpose
The main purpose of Experiment 2 was to clarify some interpreta-

tion issues pertaining to the resulis of Experiment 1. In Experiment 1,
we tested the prediction derived from CMT that icC® * trials would be
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criterion for defining mcomectness used in the previous IC tral.

For the icPO™™ and icPo™ ™ trial comparison, we expected, ac-
carding to CMT, an impairment in icPO™ = trials as an after-effect of the
lateral inhibition within the response layer that ocours in the n-1 IC
trial. The left/right response required in icPo™ ™ trials should have been
inhibited i the -1 IC trial, leading to an accreed impairment in
icPO™ ™ trials relative to kPO™ . Mo differences are predicted by PRO
regarding the icPO™* and icPO" ™ contrast, since suppression in IC
trials impacts absiract action plans (“respond according to stimualas
side”), not specific (left/right) rep ¥ of motor resp

A fourth condition, comprising cPO trials with response repetition
(cPO" =], which could not be included in Experiment 1 because it
‘would featare full response-stimulus repetitions, was now considered in
Experiment 2, since stimuli always vary across trials when using arrosw-
circle sequences.

As in the previous experiment, C, IC ard PO trnials were incladed in
the task. The proportion of PO trials was higher (23.23%) tham in
Experiment 1 in order to balance the trial types’ proportion. We ex-
pecied to find a spatial Stroop effect (Le., mpairment of IC trial pro-
cessing relative to C trial processing), to which the PO trials should
have contributed.

3.2, Method

The method in this experiment was the same as in Experiment 1,
except for the information added bellow.

3.2.1. Participanis
:Pu‘lypa.rhnmhbod:p‘tm Experiment 2. Due o the presence of

impaired relative to ioC”  trials. This would be due to lateral inhibition
im the response layer during the n-1 1C trial, affecting the respoese that
should be produced in the following trial. In fact, we found no differ-
ences between the icc”™ ” and icC™ ~ trials. Howewer, and still according
tn CMT, another effect of processing an a-1 IC trial would be the en-

VE 5Y five participants were excluded from
&Edﬂam:]}-nmnm! participanits were excluded due the use of
psychoactive medication. Another was excluded due to severe con-
genmital auditory deficits. As a result, data from 32 young adults (31
Fun:.lﬂlu-z'l]mm old, M = 18.8, 50 = 1.41; 12-17 years of formal

hancement of direction indt im the stimulus kayer, bk shui

bias that would still be present, to same extent, in the Fnl.lmn'mg;m:]
Therefore, ane could hypothesize that this ktter sequential effect would
peutralise the first, rendering the absence of differences between ioc™ =
and icc™ ™ trials comp with CMT's me
To clarify this possibility, we replicated Experiment 1, substituting n
PO trials for m C trials. In the PO trials, the participant had o respond
according to the stimulus position and, crucially, there was no direction
mformation present. Therefore, CMT no longer provided a mechamism
that might neutralise the impairment in icC™* trials, dee to residual
mhibition of the cormect response. The processing of n PO trials was
aralysed by contrasting four conditions: ¢PO trials with response: re-
pmn{dﬂ"kﬂﬂm:kmﬁnmmmpﬂhﬂn{dﬂ" ); icPO
m:hwuhrupuru:r:puhlmtm "t and icPO trials without re-
spomse repetition (icPo™ * L
We expected that the processing of both icP0™ ™ and icPo™ ™ trials
'lluuldbeimpuimdldaﬁnlnc?ﬂ'"..ﬁnmrdingbumzm.inmen-]
IC trials, the increased activation of the relevani stimulus information
(e, directicn) leads to a reduced activation of the irelevant ome (i,
pasitian ). Even though PO trials do not contxin direction information, it
lug;hl :I:J.I be conceivable that the position feature pertaining to a PO
ion would be hindered in its capacity to activate
Ihem'rup-undl.n; comect response, due o lateral inhibition within the
stimulus layer ocourring in the previous 1C armow trial. According to the
PRO, activation of the goal of sappressing an action plan associated
with a predicted incorrect response would have been necessary to ob-
tain the best outcome in the r-1 1C trial. This goal should therefore be
primed in the n PO trial, as should the criterion defining incorreciness
(Le., same-sided response-stimulus). In the a PO trial, this setup would
mitially result in inappropriately selecting for suppression the correct
action plan, since in PO trials, the action plan that would provide the
corect response is associated with a predicted response matching the

ion, M = 128, 50 = 1.44) were analysed in this experiment.

3.2.2. Materinls and procedure

The main task was composed of 673 trials that were organized into
mu.ﬁmmfmruiﬁﬂ]mqmmnml'.ﬂl',ml'
and icPO™ ™ (for a visual representation, see Table A from the Appendix
section). Mon-critical sequences of trials, including sequences such as
paPO, ciC amd &cC, were also presented in order to obtain equal pro-
partions of PO, C and 1C trials (32.33% each). The experiment com-
prised two shaort breaks, dividing the owerall duration of each partici-
pation into three parts comprising an equal number of trials and
keeping the proportions of C, IC, and PO trials stable in each part (223
trials, of which &4 were critical tnals overall: 73C trials, 73 IC Erials
amd 73 PO irals). The overall duration of the time-on-task was 18 min

3.2.3. Dain analbysis

Sequence effects were analysed by comparing four conditions
(cPo™”, cPo™”, icPO™ " amd icPO" "L Pairwise comparisons were
always performed using the Bomferroni correction. As in the previoas
experiment, error and past-error trials were excluded from the analysis.
This excluded 7% of the responses. The critical conditions ficPo™=;
icP0™~; cPO" "; and cPO™ ~) were differently affected by this exclu-
sion: 14% of the responses were excluded in the icP0"* and icPo™ =
conditions; < 1% were excluded in the cFo™ ™ condition: and 22 were
excluded in the cPO" = condition. Anticipations and Lapses of attention
were also removed. This cut-off procedure excluded < 2% of the total
remaining responses with similar exclusion rates for the different con-
ditions [ = 1.7% in each condition). To assess sequence effects, we
performed two sep two-way re | AMNOVAs with the
factors n-1 trial's congruency (C vs IC) and n-1 and & trials” response
match (response repetition vs response chamge], one pertaining bo
carrect responses’ ETs and the other o accuracy rates.
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In addition to the sequence effect analyses, differences in the pro-
cessing of the three trial types included in the critical sequences were
amalysed: C, IC and PO irials. We performed two separate repeated
measunes ANOVAs, one pertaining to correct responses’ RTs and the
other to accuracy rates. Trial -1 responses in C-PO and IC-PO se-
guences without response repetition were used in these analyses as ©
ard IC trials. Trial n responses (ie., second trial responses) in C-PO

ces without ition were used in these analyses as
PO triaks. We selected the PO trials f d in cPO™ " sequences, in
which they are less affected by predictable sequence effects. cPO™ ™
trials may exhibit partial match deleterious sequence effects (response
repetition without stimulus repetition], while all PO trials may be
affected by imterference with position processing. 1t should be noted
that a task-shift effect may still negatively affect these cPO™ = trials.

2.3. Resuits

To verify that our task induced a spatial Stroop effect in this ex-
periment, we comparned the n-1 C and IC trials in the critical sequences.
Since PO trials were also part of these sequences, being the n trial
therein, we also included them in an ovemll comparson. A repented
measures ANOVA was performed tocompare BTs on the three trial types.
Mauchly’s test indicated that the assumption of sphericity had been
wviolated [}°(2) = 14.211, p = 0.001]; therefore, degrees of freedom
were corrected using the b Geisser esti of sphericity
(¢ = 0.720). The three trial types differed significantly with respect to
RTs [A1.432, 43.016) = B4.387, p < 0001, qﬁ-um]. Faollow.up
pairwise comparisons revealed that responses to © trials (M = 381 ms,
50 = 48.1 ms) wenz, on average, 56 ms faster than responses to IC trials
(M = 467 ms, S0 =329%ms] [F1l, 321)=147.667, p < 0UOOL,
0 = 0.826], while responses to PO trials (M = 390 ms, S0 = 37.4 ms)
were 77 ms fster than responses 1o IC trials [F(1, 31) = 71891,
p < 0001, nj = 0.638]. The difference between C and PO trials’ RTs
was noosignificant [F1, 31) = 3.448, p = 0073, §) = 0.100). A
secored repented measures ANOVA was performed to determine whether
there were differences in accuracy between trial types. Mauchly's test
indicated that the assamption of sphericity bad been violabed [37(2)
= 41763, p < 0.001]; therefore, degrees of freedom were cornected
wsing the Greenhouse-Geisser estimate of sphericity (¢ = QU371
Accuracy rates differed significantly across trial types [F(1.142, 335.395%)
= 37.363,p < 0.001, i = 0.471]. Pairwise comparisans revealed that
respanses bo C irials (M = 9%, 50 = 22%) were significantly more
accurabe tham resporses to IC tmals, at 9% in our sample
(M = 9096.,50 = 9.7%) [F(1, 31) = 27.038, p < 0001, g = D.406].
Responses to PO trials (M = 9990, S0 = Z%) in our sample wene 9%
more accurabe than respomses to KT tmals [A{1, 21) = 300630,
p < 0001, 13 = 0.457]. The difference between accuracy in C and PO
trials was non-significant [F1, 31} <= 1, ns). A significant spatial Stroop
effect was therefore found in respect to both RTs and accuracy, as in
Experiment 1. With respect to n PO trials, which were affected by no
particular hindrance other than task-shift, the processing effort was
comparable to that required in C trials, again supporting the analogy
between Experiment 1 and Experiment 2, in which n C trials were ased.
The remaining analkyses refer to the analysis of ssquence effects that may
result from or have an impact on this spatial Stroop interference.

RTs and accuracy for each ssquence are shown in Fig. 3.

A two-way repeated mensares ANCVA was performed with the factors
n-1 trials comgruency (C ws 1C) and n-1 and n trials’ response match (re-
spanse repetition vs response change). There was a main effect of n-1 trial's
congraency, with icPO irak (M = 438 ms, S0 = 9.9 ms] being 43 ms
slower that PO trials (M = 413 ms, 5D = 102 ms), [A1, 31) = 107.354,
P < 0001, p = 0.778). There was also a main effect of n-1 and n trials’
response mabch, with  respomse  repetition  irials (M = 440 ms,
50 = 10.2ms] being 21 ms slower than response chamge trials
(M =423ms, 5D =103msl, [A1, 31)= 11285, p= 0002,
Wp = 0.267). There was a significant interaction between n-1 trial's
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ocongruency and response mabch, [A{1, 31) = 34008, p < 0001,
1'p = 0.523). Pairwise comparisons showed that this interaction was re-
solved by m-1 trials congreemcy (C vs IC), with response repetition
(M = 434 ms, 50 = 6l.0ms) being slower than response change
(M = Z30 ms, 50 = 37.4 ms) when the trial -1 was congruent, [F(1, 21)
= 39789, p < O0O0Lyp = 0362, and response  repetition
(M = 430 ms, S0 = 38.9ms) being as fast as the response change
(M = 439 ms, S0 = 63.7 ms) when the trial n-1 was mcongruent, [FA{1,
31} < 1, msl. A two-way repeabed messures ANOVA with the factors n-1
trial’s congrueency (C vs 1C) and the 8-1 and n triak’ response: maich (re-
spomse repetition vs response change) was also performed for accuracy.
There was a significant main effect of n.1 trials congruency, with re
spomses bo the PO trialk (M = 50%, 50 = 1.7%) in our sample being
1% less sccurate than thase o cPO trials (M = 98%, 5D = 0.4%), [A1,
31} = 30471, p < 0001, 'p = 0.815]. The main effect for the n-1 and
n trials” response repetition was non-significant, with the performance in
the response repetition irials (M = 91.5%, SI* = 1.1%) being as acoarate
as in the response change trials (M = 92.6%, 50 = 194), [F1, 31} < 1,
ns]. The mteraction between n-1 trial's congrueency and response repetition
‘was also non-significant, [F(1, 31) <= 1, ms).

In Experiment 2, we clarified the results of Experiment 1. In
Experiment 1, we tested the CMT prediction that icC™ ™ trials would be
impaired relative to icC" ~ trials, having not found differences between
these two conditions. However, CMTs predicted effect with respect to
respanse repetition might have been present, although obscured by the
icC sequence effect within the stimulus layer. In fact, after processing
an IC irial, the enbancement of direction information in the n C trial
could have been powerful encugh to cancel out the deleterious effect of
having to prodace a left/right response that had previously been in-
hibited. In Experiment 2, we replicated the sequence structures used in
Experiment 1, but now using m PO krials, in which direction mformation
is absent, instead of m C trials. As predicted by both FRO and CuT, the
icPO™ ™ and icPo™ ” trials were impaired relative to the cPO™ " triaks,
repeating the pattern observed in Experiment 1 ({in which the icc™*
and ioc™ ™ trials were Empaired relative to the o™~ trials). We did not
find any differences between kPO™* and EcPO™~trial processing,
again replicating the pattern of the results of Experiment 1 (in which mo
differences were found between the icc® * and icc™ = trials). Critically,
with respect to the latber contrast, the nall result in Experiment 2
cannot be explained by enhancement of direction information, since PO
trials do not convey such information. Thus, this result counters the
CMT prediction of an impairment in icP0" * trials relative to icPO™ =
due to lateral inhibiticn in the resporse layer. The results of Experiment
2, as those of Experiment 1, favour PRO in detriment of CMT.

The analysis of the full 2 = 2 design in Experiment 2 additionally
allowed us to determine that a-1 mcongruency hinders performance in
a subsequent no-conflict trial irrespective of whether there is response
repetition. Also, in the ¢PD vs icPO contrasts amalysed, ane of the trials
in the critical sequences bore stimulus position repetition, while in the
other, the stimulus position changed. The analysis of the full design
showed that ircongruency hinders performance in the subsequent trial
irrespective of whether it is the cPO or the icPO trial that bears a re-
petition of the stimulus position. Experiment 2 further demonstrated
that a ial inc -y effect is even when a different

task and stimulus ocour in the A trial.

4. Experiment 3 - sequence effects on incongruent (IC) trials
4.1. Purpose

I Experiment 3, we analysed the effect of r-1 trials on & IC triaks.
Three different types of IC trials were considered: iIC trials without
respanse repetition (iclC" " ); cIC trials with response repetition
(c1c™ = }; and ciC trials without response repetition {ciC® =1

From CMT, we derived the prediction that iIc™ ™ trials would be
facilitated refative to both c8C® ™ and ciC* ™ trials. The bias st-up by
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dumuonﬂmnmhhmwumhmuh
layer in the n-1 IC trial, enh g the arrow's direct L]
mdmmmmﬂhmmm-lcmhd
itating processing. According to the PRO, processing of icic™ ™ trials
would be facilitated relative to c1c™” trials’ processing. In the n-1 1€
nul.thegolld-ppmtheammplmmdmﬂuptdmd
was d, as well as the criterion defining in-
wntmu:(u sm-sddnspummdns).mudamobunﬂu
best outcome in that trial. The supp goal and &
mmﬂ&mkpmuﬂm&enlcmalbnhunngmudumﬁ-
cation and suppression of the incorrect action plan in comparison to the
sime processes in a dC"  trial. In cfC™ ", however, a specific facil-
itation effect would emerge according to PRO, the reason of which we
detail below. Since there is no principled manner to derive from PRO a
diction about the refati agth of the ™~ and c1c™ * facil-
Mmamuwymnmmmunc' trials in refa.
tion to c2C™ ~ trials.

We further derived from PRO the prediction that perfi mn
ckz"nkmmu\emﬂusmun&memmn
both trials (see Table A in the Appendix), would be facilitated relative
to performance in cIC" * trials. In the a-1 C trial, the action plans an-
chﬂwhmﬁsmmﬂum&mmm
actively processed in order to p ponding resp
umpdxms:mdmuno ion and position infi

mk&hpﬂﬁcﬁmnd&nfwhﬁhmmm
ummmmdﬂzpdﬁ&nufymgadmmﬂu
plan that should yield an i dingly, in the fol-
hmngud.thewddbemgunmﬁ:thephdﬂl

putuarqmmennlhbmofmhspnnmudfwlum-
stantiation to a specific P ig to its predi
w&natbeuﬂ-nulcunl th:goalofnwmgdu
mphwnha di would ge. The
ﬂmwvhddunpmgd“apﬂypmm
duenamewnbﬁdmxan&eptmuﬂ ie,toa
representation that is primed. Therefore, the defining in-
mamubﬂcﬁtﬁmﬂumudddnm&em
dicti than in a c1C" ™ trial, in which no
-d:mcuumw:ddnﬂmﬁmmamﬁcpn
temn of diffe 1g the ison b the cac”” and

€1 ™ trials. In the n-1 C trial g and direction, inf would

mmﬂsqmuudn&drouuhmnmmbdmm
order to reduce the possibility of developing and g facil-
mmmu&nmﬂnﬂmh@ﬂmdea?&pm-
portion of PO trials was kept Jow (11% of the total trials) in order to

preserve the nature of the task.

4.2. Method

The method in this experiment was the same as in Experiment 1,

4.2.1. Participants

Forty p ipated in Experi 1Duundle|re:me
oflnodnaledquve four parti were excluded
&m&:dmnulymuwdmgly.dlhﬁmsoyouguhlkln
female; 18-27 years ald, M = 19.3, SD = 2.01; 9-17 years of formal

education, M = 12.0, SD = 1.40) were analysed.

4.2.2. Matertals and procedure
The main task was composed of 648 trials, including equal pro-
jons of C and IC trials (44.4% each) and a low proportion of PO
trials (11.1%). There were three critical sequences: cIC* *, c1C™ *, and

icac™ " (see Table A in the Appendix). As in Exp 1, PO trials
mmdwdyhﬁeuiahmlinudcwma
S ie bl flect directly img g on 1

mwtmmmmmdmﬁuwuﬂ
duration of each participation into four parts comprisng an equal

b ohn:lsmd intaining the of C, IC, and PO trials
mbkuemhpzn(lmnnkdwhﬂnmmbulmkmﬂt
72 C trials, 72 IC trials and 18 PO trials). The overall duration of the
time.on-task was 20 mins,

4.2.3. Data analysts

Sequence effects were amalysed by comparing three conditions
(iac™ =, ac"~ mddC‘ ). Pairwise compariscas were performed always
using the Bonf Jon. As in previ crror and
post-error trials were exclud Juded 21% of the

3 from the analysis. This
responses in the critical sequences. In the ¢3C" ~ conditian, 14% of the
resporses were excluded, in the cIC" ™ condition 2006 and in the icsc™ ~
mnumndlqnsdmmdmm

mmhmm@mwmm esp

Layer. In this circumstance, no conflict would be detected and no at-
tentional bias in favour of direction inft jon would be established.
We might speculate that even in the absence of coaflict there would be
strong lateral inhibition affecting the response not to be affected ina C

trial. This would Jead to predicting a p of diff t
1"~ and 1™~ trials opposite to that predicted by PRO. 4
CMT does not elab, upon the dy ics of exci v and inhibitary

processes in the absence of conflict.
As in Experiment 1, in addition to the C and IC trials included in

This p Juded < 2% of the total remaining responses, with =-
ﬂzmmﬁtlﬁem:ﬁm(: 1.0% in each con-
(ﬂm)'l‘n_ effects, we performed two sep one-way
' of vari (ANOVAs), one pertaining to
wwmummmmm
In addition to the seg effects lyses, we analysed perfor-
mance differences between € and IC trials in order to assess the spatial
smd!mmpu:d-nqﬂummpuﬁmd.mem;
to RTs for correct for to trials

L3 P

n-1 lnclcudlcu:mnﬂlmmundmmm
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4.3. Results this task, re) and irrel task-inf grated within

the same stimulus, and a preval 7 Bmgemdbymkv-n

Performance in C and IC trials was compared before the analysis of infe ion. The i of cognitive control processes should
the critical sequence effects. We found slower RTs for IC trials herefore be amply reflected by perfi in such a task.

(M = 401 ms, SD = 83.0ms) relative to C trials (M = 401 ms, Concerning our main goal, we analy ‘dﬂeuu ipulations of

SD = 89.3ms), 33) = —11.101, p < 0.001, and smaller accuracy congruency type p and repetition/ b pnsiﬁm

rates for IC trials (M = 84%, SD = 13.3%) relative to C trials
(M = 99%, 5D = 1.5%), #(33) = —7.035, p < 0,001. Thus, a reliable
spatial Stroop effect was found for both RTs and accuracy. The re-
maining analyses pertain to the examination of sequence effects that
may result from or impact this spatial Stroop interference.

The RTs and the accuracy for each sequence condition are shown in
Fig 4.

A d ANOVA di d that RTs differed sig-
-f-zuly lnmg the three sequence conditions [M2, 70) - 8.104,
P = Q.001, 53 = 0.189]. Pairwise comparisons revealed that RTs in
et ” trials (M = 438 ms, SD = 92.7 ms) and cIC™ ™ trials (M = 480 ms,
5D = 91.2ms) were different  [M(1, 35) = 14.228,
P = 0.002, n = 0.290], being 22 ms faster for icIC" * trials. ic3c™ * trials’
RTs were as fast as in the cIC™ ™ trials’ RTs (M = 439 ms, SD = 83.0 ms)
[(1, 35) < 1, ns]. Responses to c3C" ~ trials were significantly faster
than responses to oC" ™ trials [F(1, 33) = 10.330, p - 0.008,
-;-o.zzal.bynu/\ peated ANOVA d ined that the
accuracy mﬁuﬂymlﬁ:ﬂuuqmmm[lu.

mmmdmuﬂswuhnlkuﬁ.m
ummdmgmdwhghhﬁlmhamcﬂfmdmo:n
their P gs of cognitive control.
Dwnltlumﬂ:obmndntbumdmmmhbﬂm
explained by the PRO than by the CMT (see Table 1)L

In Experiment 3, we found that performance in icic" ” trials was fa-
cilitated relative to cic" * trials but not relative to c3C" * trials. This was
oaly predicted by the PRO. According to this theary, in idC" ~ trials, the
Ndmhm;ﬁnmww-mm
and the criterion identifying i that was activated in the a1 1IC
trial is primed in the n IC trial. This results in a facilitated identification
and suppression of the action plan, which is expected 1o yield an incorrect
response in the secand trial. However, a facilitation effect also occurred in
the ac™” trials, leading to a similar processing effort relative to the
icsc™  trials. in cIC™ trials, the stimubos is presented in the ssme position
as the stimulus presented in the n-1 C trial. In the n-1 C trial, both the
memmphmpwn
order 10 the

the predicted

70) = 26388 p < 0.001, ~-0131]P-\m¢ led
mewbmwmnw trials
(M = 79%, SD=17.1%) relative to cc"” trials (M = 80%,
5D = 104%) [H1, n)-zlmp<u.m1.-ﬂ 0.373). Another sig-
nificant difference i far the b the ictc™ * and
ach ™ trials (M - 7msn-l7nl.nwnnhpumapmsbaqm
more accurate in kIC  trials [F(1, 33) = 10213, p = 0.009,
ng = 0.226]. in ciC™ * trials, the accuracy was significantly better than in
ac™ ™ trials [F(1, 33) = 40.041,p < 0.001, 1y = 0.334], by 12%.
The results fully support the PRO and do not support the CMT. The
&IC" " trial processing was facilitated anly relative to the cc™ ™ trial pro-

s P nhn!whﬂﬂmlhn-mmd
Mﬂdmdmhﬂmmmﬂmn
carrect response. The pasition-based action plan and its predicted respanse

Tadis 1

Sursmary of the renge obtalned & the S = the

bermesn crtio wquotces In sk expeciment. There were ax compartecrs @ each ex-
porimwnt, three jfor KTs mad thewe for acourscy. A plas [+ ) sgn is used when the reslts
were I agresment with PRO or OMT poedictions » memus |~ ) sign & wed 0 mark
PrediTion Toesn daapTe e

cessing, In the cIC” ” trials, there was a facilitation effect that PRO would = o =
uﬂ&bnﬁmﬂfumndwdnm#lm T Accuracy
undwth: dicted The of its m-
involved a specific predicted resy lhnu:sprndn e o " o
the n IC trial This shouk] have d b the same predicted re- 1 e . . - +
wmm‘dhhmtﬁmpﬁnih&!cnﬂhsam " e . . . +
responses to cC"  trials were as fast as those to idC" ~ triaks e * v it s - ¢ .
Expertment 2 O™ " wicpO™ " & - + +
0" " wiepo™” & - . .
5. Discussion [0 ™ - 3 -
Expestment 3 §cIC™ " v el * - - - -
The main purpose of our study was to contrast predictions derived s A N : s

from CMT and PRO theory with respect to canflict adaptation effects in
lwmmkmmmmmﬁddmmm
for the p 15 of control in such a paradigm. In

*Aa staied In the purpose st of Expersmens 3: We did not dertvw Sron OMT 2 speciflc
parern of i the Detwwen cIC* * and 0" s
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are therefore primed in the T trial. Accordingly, i an m K trial
repeating the stimulus position of the previows trial, when the suppression
goal and imcormectness criterion are activated, there is already an active
representation of the specific predicted response for the position-based
action plan. The process of maiching that representation o the in-
carrectness criterion and the suppression of the cormesponding plan will
therefore be Ecilitated. Accarding to CMT, kIC" ™ triak should have been
Exciliitated relative to cC trials, less of the fposition re-
petition in the C-IC ssquences. CMT predictions were also countered by the
pattern of data observed in Experiments 1 and 2. The similar processing
effort of the ioC™ ™ and ic" " trials observed in Experiment 1 and of the
PO™ * and icP0™ ™ trials in Experiment 2 is mainly in accordance with
PRO, countering OMT predictions. If lateral mhibition between in-
compatible responses played a significant role in conflict resolution, we
should have found an impairment in icC” ~ and icPO™ ” trial processing
relative to &C" ™ and icPO™ ™ trial processing, respectively. Arguably,
conflict resolution imvolves more-abstract representations, such as the
action plans and expecied resporse-outcomes that are advocated by PRO.
These representations are quite far | from ioms of motor
mﬂmmmmmmm

The analysis of the full ¢ ¥ type (2) = nesy repetition (2)
whmt!hﬂrwmapﬁﬂemﬂm
Exctar in Experiment 1. In fact, icC™ = refative to oc™ = differed both in n-1
cangreency type and in position repetition (cC" ~ trials on opposite sides
of the screen], while ioc" ™ and oc® = differed both in 8-1 congreency type
and in response repetition (the o~ trials bearing different positions). In
Experiment 2, the use of different stimull in the n-1 and n trals allowed us
n-dud:.madd:hnnh:c?un'mﬁhmmﬂpuﬂ:.mb:t"'

creates & contrast with each icPO condition that is complementary, with
respect to position repetition and response repetition, to that oreated by
cPO" ", Our results enable us to establish that a-1 incongruency hinders
perit e in the folk g trial, irrespective of whether there is re-
spanse repetition and irrespective of which n-1 congruency type in a PO
ws icPD contrast bears a change or repetition i stimubss-position. This
conclusion is based on the main effects found for n-1 congneency type in
both RT and accuracy analyses, taken ingether with the fact that the sg-
mificant imteraction found in the BT analysis was not resolved by n-1
congraency type, with icPD trials being hindered relative 1o cPO wheth

there was response repetition (with icPO bearing position repetition and
cPO position change) or response change (with kPO beanng position
change and cPO position repetition). Experiment 2 also added to
Experiment 1 by showing that this sequential incoagruency effect i quite
general, impacting the trial m even when the task changes (from response
according to direction to response according to position) and the stimuki
are different (arrows and circles). This generality of the hindrance effect
caused by n-1 mcongruency is arguably better accommodated by FRO
than by CMT. This is because PRO's explanation for sequential inoon-
gruency effects relies on the activation of goals and suppression criterion
mmpinging on abstract action plans (e.g., “respond according o stimulus
pasition”) which are in fact task-general, while CWMT proposes enhance-
ment ard inhibition mechanisms that are recruited in a manner quite
specific with respect to the structure of a given tasks stimull and s

pping anto the resp 1l ives within that task.

Even though our data seem io be better explained by FRO, there are
alternative theories that could at least im part account for our results.
Acoonding to some authars (Mayr et al., 2003; Nisawenhuis et al., 2004),
trial-by-trial adjustments supposedly reflecting cogritive contral can be
explained by associative priming. Specifically, the sequence effects could
be due to the oooarrence of exact stimulus-response repetitions in [1CIC
and C-C sequences (benefiting processing in the second trial) and response
repetitions to different stimuli in IC-C and CIC sequences [increasing
difficulty while processing the second trial]). In both Mayr et al. (2002) and
Mieuwenbuis et al (2006), the sequence effects wenre absent in a flanker
sk when only sequences without exact stimulus-response repetitions or

At Paychelagicn 189 (2015) 63-75

partial stimubas-response repetitions were analysed. In our experiments,
we did not analyse exact stimulus-response repetitions. Concerning the
conditions with amd without resporse repetitions, the presence of asso-
mmcﬂu:u:hmld.lum:bmt pansible for an impai m
icc™ ™ trials relative to icC" ™ due to response repetition withowt stimulus
repetition, a patbern we did not observe. Accordingly, our results are not
explained by associative priming.

Another asociative theory, the theory of event coding (TEC)
(Hommel, Musseler, Aschersleben, & Prinz, 2001), argues that when we
perceive an object, there is a featare-binding mechanism responsible for
registering and coding the perceivable features that imtegrate that object
(eg., the direction and position of an arrow). This integration or binding
process is not restricted o stimules features but incudes combirations of
stimulus and resp fe The bindings created in the trial n-1 affect
performance in the n fial, explaining the sequence effects (Hommel,
m?}mﬂmgh:ﬁnﬂmry.ﬂmpommmmdm

e ti the combi 1S CCCUTTInG i
pmm:hnnutwhmmmummm
be impaired when compared with situations of total aliernation, as icC
trials withowt response repetition. In total aliernation sequences, the fea-
tures of the trial r-1 are completely differemt from the features of the n
trial, amd therefore, there i no need for 2 new binding process. However,
we did not find any difference between icC trials with and without re-
sponse repetition, which seems to counter TEC predictions.

Associative and conflict adaptation processes may arguably both
caniribate to the ocourrence of sequence effects (Egner, 20081 Verguts
ard Notehsert [2009) mbtegrated these two processing accounts by
proposing the “association by binding theory”, in which cognitive
cantrol is itself seem 25 a binding process. After conflict detection, the
cognitive control system stremgthers all active conpections between
target stimuli and task demand units. In the following trial, the inter.
Fﬂuﬂo{uulnaﬂmﬁnrmbnﬂwmldh-emﬁndduma:mr

k Ih:lz.di d unit and the input units. This theory
advocates that b ing of stimul imulus and of stimuk T
ascciations are key for conflict adag ard are therefore compa-

tible with PRO theary.

The results of cur experiments suggest the existence of an inberac-
tion between top-down processing (necessary Fur vn:|1I1u1 molu.rl:m]
and bottom-up processing (resp and,or p in
accordance with previous studies that found Ihﬂl.bulh bnp-d:uwu and
batiom-up processes contribute to the sequence effects (Egner, 2007;
KNotehaert et al, 2006; MNotebaert & Verguis, 2007; Wuahr & Ansorge,
2004). Our chservations specifically unveiled a pattern of interactions
between these processing streams that mainly support PRO's acomant of
canilict resolution, in which the intervention of top-down processing is
considerably more complex than in CMT's acoount. This does not mean
that CMT should in any manner be excluded as a valuable cognitive
cantrol theory. As noted by Fumes, Lapianez, and Humphreys (2010),
the mechanism (e.g., enhancement of task relevant information; in-
hibition of task irrelevant information:; goal strachares for suppressing
action plans and the criterion to predict resporse outcomes) that is in
fact used by the cognitive contral system o overcome Dodlml.pn:bably
reflects task specificities. We propase that CMT is madequate to p
a detailed account of cognitive control processes as they nninld during
conflict tasks in which frelevamt and relevant information are in-
tegrated im the same stimulas and irrelevant mformation is linked to a
prevalent response, such as the spatial Stroop task. For tasks in which
conflict presents a similar type of complexity, PRO arguably provides a
better account of cognitive contral processing.

Puture studies wsing technigues such as functional magnetic re-
somance imaging (EMRI) could better define the brain netwaork involved
in conflict processing in the spatial Stroop task. Also, our behavioural
results suggest the development of event-related potential (ERF) studies
as a means to probe the fine-grained temporal course of the sequence of
events leading to conflict resolution in a spatial Stroop task. This would
allow testing more-detailed hypothesis reganding the mformation
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processing evenis that resolve response conflict when relevant and ir-
rebevant features for determining response are integrated within the
stimulus.
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PROBING THE PROCESSING UNDERPINNINGS OF ASYNCHRONY AND
SYNCHRONY EFFECTS WITH A CONFLICT TASK AND SEQUENCE-INDUCED
RESPONSE EXPECTANCIES - A TEST OF THE CONDITIONAL AUTOMATICITY
HYPOTHESIS

1. Leitdo*~, L. Pires®*, 1. Santos®, 1. Buekenhout®®, C. Guerrini®, A, Gomes™®

'‘Memory, Language and Executive Functions Laboratory. Faculty of Psychology and
Educational Sciences. University of Coimbra, “Center for Research in Neuropsychology and
Cognitive and Behavioral Intervention (CINEICC), FPCE-UC, *Memory, Language and
Executive Functions Laboratory, Faculty of Psychology and Educational Sciences, *Center for
Research in Neuropsychology and Cognitive and Behavioral Intervention {CINEICC), Faculty
of Psychology and Educational Sciences, University of Coimbra, Coimbra, SDep. of Education
and Psycology, University of Aveiro, Aveiro, Portugal, *School of Life Sciences, University of
Hull, Hull, United Kingdom, “Faculty of Psychology and Educational Sciences, University of
Coirmbra, *Center for Research in Neuropsychology and Cognitive and Behavioral
Intervention (CINEICC) [FPCE-UC], Coimbra, Portugal

Introduction: Chronotype and time-of-day interactions are often manifest in differences
between performance at times-of-day matching the individual's chronotype {(on-peak) and
off-peak performance. However, it is not clear which processing variables determine whether
on- or off-peak benefits/costs will occur. Some research suggests that voluntary control is
enhanced on-peak, and unconscious/automatic processes off-peak; overall, results are
inconsistent. We aimed to ascertain whether top-down control per se (voluntary or
unconscious/automatic) benefits from on- vs off-peak times (synchrony effect) and whether
unconscious/automatic processas (either top-down or bottom-up) intrinsically benefit from
off- vs on-peak times (asynchrony effect). We hypothesized that only processes entangled
by conditional automaticity {(CA) would manifest (a)synchrony effects: on-peak enhancement
of core voluntary top-down control and off-peak augmentation of conditioned automatic
processes. CA s an unconscious processing bias that reflects the enhancement of pathways
linked, but not directly relevant, to the control structure of an ongoing, or recently
completed, explicit task.

Materials and methods: Participants were 124 young adults (60.48% women, 18 - 31 y/o,
M = 21.04 yfo, SD = 3.33). Thirty-four evening-types participated on-peak, 31 off-peak;
Thirty morning-types participated on-peak, 29 off-peak. We used a conflict task (pressing a
button congruent with the left-right orientation of an arrow displayed on the left-right side of
a computer screen, while resisting Incorrect responses induced by the arrow's on-screen
position) to probe (i) top-down voluntary executive control (inhibiting responses triggered by
on-screen locations that mismatch the arrow's orientation), (i) bottom-up CA (facilitation of
the response opposite to the one currently under controlled inhibition), and (iii) a low-level
expectancy regarding the correct response, induced by the trials' sequencing, favoring
rasponse alternations vs. response repetitions, i.e., an UNCONSCioUs/automatic top-down
control process autonomous wrt (i) and (ii). Expected results were derived from the CA
hypothesis, and pertain to reaction times (RT) and accuracy (ACC) that result from the
interaction of (i), (i)} and (iii} in the task's four critical conditions: I. no-conflict trials
{arrow’'s direction congruent with its on-screen position) facilitated by alternation expectancy
(trial's response to the opposite side of the previous trial's) [Predicted: RT asynchrony; ACC
synchrony]; IL. no-conflict trials hindered by alternation expectancy (response repetition
trials) [Predicted: RT asynchrony; ACC asynchrony], IIL. conflict trials (arrow’s direction
incongruent with its on-screen position) facilitated by alternation expectancy [Predicted: RT
asynchrony; ACC neutral]; IV. conflict trials hindered by alternation expectancy [Predicted:
RT asynchrony; ACC synchrony].

Results: CA predictions were supported by morning-types' RTs in I, II, ITI, IV, but were not
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statistically significant for evening-types. Evening-types' ACC data supported IV CA
predictions (morning-types ns). Both types' ACC data supported I and III CA predictions, but
only non-significant differences emerged for I1.

Conclusions: Explanations of (a)synchrony effects based on the distinction between
controlled/automatic processing are over-simplistic, and CA offers a promising framework for
understanding the processing underpinnings of (a)synchrony. We also observed that
morning and evening-types' on/off-peak performance sometimes patterns quite differently.
This suggests that further research focusing on morning vs evening-types contrasts should
be pursued.

Acknowledgements: This work was supported by BIAL Foundation, grant 234/14.

7471209/



ANEXO 5

Abstract in official conference proceedings

Pires, L., Leitdo, J., Simdes, MGRe#&ini, C. (201Spatial Stroop and Negative Priming:
not all inhibitory processes are impaired with aging. Proceedings of the 3rd International
Conference Aging & Cognition (p. 84), Dortmun8BIRA®E-980834-3-

75/209/



Spatial Stroop and Negative Priming: not all inhibitory processes are
impaired with aging.

Luis Pires’, José Leitdo’, Mario R. Simdes' & Chiara Guerrini®

' CINEICC - Cognitive and Behavioral Center for Research and Intervention, Faculty of
Psychology and Education Sclences University of Coimbra, Coimbra, Portugal

? Centre for Health and Clinical Meuroscience, Psychology Department, University of Hull, United
Kingdom

Objectives

We compared young and older adults’ inhibition using a spatial Stroop task. Participants pressed a
button held in their nghtfleft hand, as indicated by the orientation of the head of an arrow stimulus,
while ignoring its right/left location on the computer display.. The arrows’ orientation and location
could be congruent or incongruent. Trials were arranged in sequences (i) in which an incongroent
trial required the leftiright response location to be inhibited, that being the comect response location
in the following (congruent) trial, or (i) in which the incongruent trial and the following (congruent)
frial shared the comect rezsponse location. This set-up allowed us to determine whether (A)
inhibition operated upon concrete spatial information, namely the actual right or left response side
corresponding to the arow |ocation, or (B) at a more abstract level, affecting a general “location”
attribute, irrespective of its actual left/right value. {A) entails that (i) should yield a negative priming
{MF) effect, while (i) should yield positive priming (PP); (B) predicts NP in both circumstances.

Methods

Older adults (N=20; M=63.45+6 .21 years old) and young adults {(N=20; M=19+2 026 years old)
matched for gender and estimated Q.

Results

A mixed ANOVA revealed NP in both (i) and (i) for both age groups. Conclusion When an
incongruent trial requires the response process to refrain from outputting on the same side where
the stimulus was presentad, the location of the following stimulus is affected by residual inhibition,
whether or not it matches the actual left'right location previously inhibited. This generalized NP is
present in both older and younger adults.

76/209/



ANEXO 6

Submitted joutraticle

Leitdo, J., Pirds., Santos, |., Buekenhout, I., Guerrini, Ch., & Gomes, Pro(2820)g
Underpinnings of Chronotype xofidag Interactions: A Study of a Conditional Automaticity
Account of (A)synchrony effeglsnited tdournabf Experimental Psychology: Genera

771209/



Processing Underpinnings of Chronotype x Time-of-Day Interactions: A Study of a Conditional
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