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La vigilancia hace referencia a n uestra habilidad para mantener el foco de atención 

y permanecer a lerta dur ante pe riodos d e t iempo pr olongado. U no d e l os ha llazgos m ás 

importantes en la literatura es el deterioro en la ejecución con el paso del tiempo en tareas 

de vigilancia, fenómeno conocido como decremento de vigilancia. 

 A diario realizamos actividades en las que mantener la atención durante un periodo 

de tiempo relativamente largo es crucial. Del mismo modo, inhibir respuestas inapropiadas 

es una habilidad cr ítica en  nuestra v ida d iaria. La inhibición de  respuesta puede definirse 

como un proceso encargado de controlar las respuestas automáticas o dominantes. 

La t area d e v igilancia S ART requiere i nhibir l a respuesta an te l a p resentación d e 

estímulos impredecibles e infrecuentes, ya que invierte el patrón de respuesta característico 

de l as t areas t radicionales d e v igilancia en l as que ha y qu e detectar y r esponder a es te 

estímulo objetivo. En la tarea SART, por tanto, se debe mantener la atención endógena para 

una inhibición eficaz de las respuestas automáticas o inapropiadas. 

 Además del efecto del paso del tiempo en tarea, la vigilancia fluctúa a lo largo del 

día. P or ot ra pa rte, existen di ferencias i ndividuales de  c ronotipo ( matutino, i ntermedio, 

vespertino) que  m odulan nue stras f unciones c ognitivas. S in e mbargo, normalmente l os 

estudios n o t ienen en  cu enta es tas d iferencias i ndividuales. La d iferencia en tre l os 

momentos de máxima eficiencia en la ejecución en función del cronotipo se conoce como 

efecto de sincronía.  

 Mientras que algunos estudios sugieren que los procesos de control se modulan por 

la hora del día y las diferencias individuales en cronotipo, otros sostienen que este efecto de 

sincronía se observa en procesos de carácter automático. En esta línea, se ha observado que 
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la habilidad para inhibir respuestas inapropiadas en la t area SART varía en  función de l a 

hora del día. Por el contario, la velocidad de respuesta, considerada el aspecto automático 

de la tarea, no mostró variaciones diurnas. Sin embargo, no se ha estudiado la influencia de 

la tipología circadiana en la ejecución de la tarea SART.  

 El es tudio d e la i nfluencia d e es tos f actores ci rcadianos tiene imp ortantes 

aplicaciones p rácticas, por e jemplo, el diseño de  jornadas l aborales, ev aluaciones 

neuropsicológicas o e n educación, y por  t anto para l a s alud y l a s eguridad en  g eneral. 

Asimismo, a nticipar y predecir f allos de  vi gilancia que  pue dan a carrear co nsecuencias 

graves ( como un a ccidente e n e l á mbito l aboral de bido) mediante ín dices f isiológicos 

también es de especial relevancia. 

 Por tanto, en la presente tesis estudiamos el efecto del paso del tiempo en tarea en la 

habilidad para inhibir respuestas inapropiadas y si es modulado por la influencia de la hora 

del día y las diferencias individuales de cronotipo. Por otra parte, investigamos la relación 

entre l a ej ecución en  l a t area S ART y me didas f isiológicas, co ncretamente, la act ividad 

eléctrica cortical y la temperatura de la piel.   

 En el Estudio 1 investigamos el efecto del paso del tiempo en tarea en la habilidad 

para ininhibir respuestas automáticas o inapropiadas mediante un protocolo de hora del día. 

Es d ecir, evaluamos a l os pa rticipantes a  s u ho ra ópt ima y no ópt ima en f unción de  s u 

cronotipo mientras siguen su horario y actividades habituales. Por otra parte, manipulamos 

la es trategia q ue d ebían ad optar los pa rticipantes ( precisión, r apidez). En la  e strategia 

precisión se priorizaba la exactitud (inhibir correctamente la respuesta) sobre la velocidad 

de respuesta, siendo por tanto el objetivo principal alcanzar altos niveles de exactitud. En la 



RESUMEN GENERAL 

15 

estrategia p recisión, l os p articipantes ad optaban u n es tilo d e r espuesta d e c arácter 

controlado. Por el contrario, en la estrategia rapidez se priorizaba la velocidad de respuesta 

sobre la inhibición de respuesta, adoptando un estilo de respuesta más automático.  

 Cuando s e r equería l a p articipación d e p rocesos d e co ntrol ( estrategia p recisión) 

observamos el efecto de sincronía. Los participantes matutinos mostraron un deterioro en la 

habilidad pa ra i nhibir r espuestas i napropiadas en l a s esión de  t arde mientras que  l os 

vespertinos mostraron u n de terioro más acusado en l a s esión d e mañana en comparación 

con l a s esión de  t arde. Sin e mbargo, l a e jecución e n l a t area no f ue m odulada por  e l 

cronotipo y l a hor a de l dí a c uando l os pa rticipantes a doptaban un e stilo de r espuesta d e 

carácter más automático (estrategia rapidez).  

 En el Estudio 2 nuestro objetivo fue explorar los cambios en la actividad eléctrica 

del cer ebro as ociados a l a habilidad pa ra i nhibir respuestas inapropiadas con e l pa so de l 

tiempo en tarea. Las sesiones experimentales se realizaron a una hora neutral (11:00 h). Los 

estudios con tareas go-nogo sugieren que los potenciales N2 y P3, con máxima amplitud en 

zonas f rontocentrales c uando s e r equiere i nhibir una  r espuesta, s on í ndices de l pr oceso 

inhibitorio. Los potenciales r elacionados co n el  p rocesamiento en  et apas t empranas en 

estudios con tareas go-nogo, como el P1 y el N1, reciben menos atención.  

 En la tarea SART se han observado los potenciales N2 y P3 cuando se debe inhibir 

la r espuesta, y una  mayor amplitud se ha  relacionado con una  inhibición más e ficaz. S in 

embargo, no s e ha  e studiado e l c urso t emporal de  l os í ndices e lectrofisiológicos de  l a 

inhibición de  r espuesta con e l pa so de l t iempo e n l a t area S ART. C on e ste obj etivo, 

analizamos las ondas  P1, N1, N2 y P3 para evaluar si el efecto del paso del tiempo influía 
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específicamente en  l os procesos relacionados con l a s elección d e respuesta y control 

cognitivo o también en etapas de procesamiento más tempranas.  

 Observamos una  a mplitud r educida con el  p aso d el t iempo en  N2 y P 3. Nuestros  

resultados s ugieren que  l a a mplitud de l as o ndas N2 y P 3 podr ían s er í ndices d e l a 

eficiencia in hibitoria c on e l p aso d el tie mpo en ta rea. A demás, la  amplitud d el N 1 

incrementó, f ue m ás n egativa, con el  paso d el t iempo en  t area. E ste incremento en  l a 

amplitud del N1 podría reflejar una mayor dificultad de la discriminación perceptiva con el 

paso de l t iempo. S in e mbargo, no obs ervamos una  r elación e ntre l as m edidas 

comportamentales de la tarea (exactitud para inhibir respuestas inapropiadas y velocidad de 

respuesta) y l as m edidas n eurofisiológicas, p osiblemente p or el  t amaño d e l a m uestra en  

este estudio.  

 En e l E studio 3, nu estro i nterés residía en e l estudio de  un í ndice a utonómico, l a 

temperatura de la piel. El objetivo de esta serie experimental fue investigar si la temperatura 

de l a p iel podría ser un índice f iable y sensible de la ej ecución en  l a t area SART, con la 

ventaja de ser un método fácil y de bajo coste, portátil y no invasivo.   

 La temperatura de la piel, especialmente la temperatura proximal, se ha relacionado 

recientemente con respuestas más lentas y una mayor frecuencia de lapsus atencionales en 

una t area de t iempo de r eacción s imple. S in embargo, no se ha es tudiado s i es ta relación 

temperatura-ejecución p uede generalizarse a tareas d e v igilancia m ás co mplejas q ue 

requieren control ejecutivo como la tarea SART. Por otra parte, no se ha investigado si las 

fluctuaciones en temperatura de la piel son selectivas a las demandas impuestas por la tarea 

que se realiza ni el curso temporal de la temperatura de la piel durante la tarea. Por tanto, 
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llevamos a  cabo dos  e xperimentos. E n el E xperimento 1, los p articipantes as ignados al 

grupo Tarea realizaron la tarea SART mientras que los participantes asignados al grupo No 

Tarea recibieron la misma estimulación sensorial pero no realizaron la tarea. Las sesiones 

se r ealizaron a una hor a ne utra ( 11:00 h)  y s e e valuó a  pa rticipantes pr incipalmente c on 

cronotipo intermedio (es decir, participantes s in puntuaciones ex tremas en el  cuestionario 

de M atutinidad-Vespertinidad). En el e xperimento 1 no obs ervamos u na r elación entre 

temperatura de la piel y ejecución. Las temperaturas de la piel mostraron el patrón típico de 

la temperatura durante la mañana y nuestra manipulación de las demandas de tarea (Tarea, 

No Tarea) pudo no ser suficientemente robusta.  

 En el Experimento 2, se llevó a cabo una manipulación de las demandas de la tarea 

mediante el p aradigma d e doble t area. Los participantes de bían r ealizar dos  tareas 

simultáneamente en la condición dual (SART y una tarea de conteo) y solo la tarea SART 

en l a condición s imple. En el  ex perimento 2 , l as s esiones ex perimentales se r ealizaron a 

diferentes hor as de l dí a (9:00, 11: 00, 13: 00, 16 :00, 18: 00 y 20:00 h) para min imizar la  

influencia de los ritmos circadianos y mejorar la generalización de nuestros resultados.  En 

el ex perimento 2 , nuestros r esultados s ugieren q ue l a t emperatura p roximal en  p articular 

podría s er un í ndice de  la ejecución en  t areas de v igilancia m ás complejas como l a t area 

SART, que requiere inhibición de respuesta. Un incremento en la temperatura proximal se 

relacionó con una mayor exactitud y una velocidad de respuesta más lenta, sugiriendo un  

estilo de respuesta de carácter más controlado con una temperatura proximal alta. Además, 

nuestros resultados mostraron por primera vez que la temperatura proximal fue sensible a 

las d emandas d e l a t area y al ef ecto d el p aso d el t iempo. S in e mbargo, f uturas 
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investigaciones d eben e studiar l a r elación en tre temperatura y ejecución y es clarecer s u 

interpretación como índice fisiológico.  
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 A diario realizamos actividades en las que mantener la atención durante un periodo 

de tie mpo r elativamente la rgo es crucial, u na imp ortante f unción a tencional a  la  q ue 

denominamos vi gilancia o a tención s ostenida. P or e jemplo, c uando c onducimos 

necesitamos atender durante todo el recorrido para evitar posibles situaciones de riesgo. Sin 

embargo, nue stra ha bilidad pa ra m antener l a atención no es c onstante y no pue de 

mantenerse indefinidamente.  

Volviendo al ejemplo anterior, a veces no reaccionamos cuando la luz del semáforo 

pasa a ser verde. Sin embargo, las demandas de la situación pueden ser distintas y ocasionar 

consecuencias m ás ne gativas que  e l e nfado de  ot ros c onductores. A  pe sar de  que  l a l uz 

verde del semáforo nos da paso, es posible que en ese momento un vehículo o un  peatón 

invadan n uestro car ril. E n es te cas o, l a acci ón apropiada n o es  ac elerar p ara s eguir co n 

nuestro r ecorrido como de costumbre, s ino f renar pa ra evitar una  s ituación pe ligrosa. Un 

nivel at encional b ajo an te es tas s ituaciones co mpromete n uestra s eguridad y l a d e o tros. 

Con e l paso d el t iempo realizando una  t area monótona como l a conducción, mantener l a 

atención puede ser complicado. Durante t rayectos l argos es  habitual que experimentemos 

fatiga o s omnolencia. P or ot ra pa rte, t odos s abemos que  c onducir por  l a noc he e ntraña 

mayores riesgos, la fatiga o somnolencia pueden ser más intensas y tenemos un ba jo nivel 

atencional. Estas variaciones diurnas di fieren incluso entre personas, po r lo que  podemos 

encontrarnos en una situación de mayor o menor vulnerabilidad en función de la hora del 

día.  

Aunque he mos c entrado nue stro e jemplo e n el á mbito de  l a s eguridad vi al, l a 

importancia de estas fluctuaciones en atención se extiende a otros contextos como el de los 

profesionales s anitarios (por e jemplo, un c irujano dur ante una  ope ración), e l r endimiento 
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académico (atender en c lase) o l a supervisión de  procesos industriales (supervisor de  una  

central nuclear o un operario de una cadena de producción), por citar algunos ejemplos. En 

este s entido, pod emos considerar estas f luctuaciones del ni vel de  vi gilancia c omo un  

problema de naturaleza práctica.    

1.1. Vigilancia 

 La vigilancia hace referencia a nuestra habilidad para mantener el foco de atención y 

permanecer alerta dur ante pe riodos de  t iempo pr olongado (Davies & Parasuraman, 1982 ; 

Warm, P arasuraman, & M atthews, 2008) . A unque e n l a l iteratura encontramos di stintos 

términos a sociados a l concepto de  vi gilancia c omo a tención s ostenida, a lerta t ónica o  

atención v igilante (Posner, 2008;  Robertson &  Garavan, 2004;  Robertson &  O´Connell, 

2010), a lo largo de este trabajo utilizaremos indistintamente vigilancia y atención sostenida 

para hacer referencia a la función atencional encargada de optimizar el procesamiento de la 

información durante un periodo de tiempo continuado.  

 Los primeros estudios sistemáticos sobre la vigilancia comienzan con los trabajos de 

Norman Mackworth sobre los fallos de los observadores de radar para detectar señales que 

advertían la p resencia de submarinos enemigos durante la II Guerra Mundial. Mackworth 

trasladó e ste pr oblema al l aboratorio y di señó su c onocida “ prueba de l r eloj”, un r adar 

simulado donde los observadores debían detectar y responder durante aproximadamente 2 

horas i ninterrumpidas a una  s eñal i nfrecuente, definida po r un s alto d oble e n l ugar de  

simple, en la aguja de un reloj. La investigación realizada por Mackworth reveló uno de los 

hallazgos más importantes en la literatura sobre vigilancia: durante los 30 primeros minutos 

de t area s e o bservaba un d eclive en  l a d etección d e s eñales cr íticas q ue co ntinuaba 
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gradualmente durante el resto de la tarea. Este efecto del paso del tiempo en tarea se conoce 

como decremento de vigilancia (Mackworth, 1948). A partir de su trabajo, la investigación 

sobre v igilancia s e cen tró en  estudiar ba jo qué  c ondiciones oc urría el de cremento d e 

vigilancia mediante tareas de larga duración consideradas monótonas y aburridas.  

 Mackworth d efinió l a v igilancia co mo “un es tado d e p reparación p ara d etectar y 

responder a  c ambios en e l entorno qu e o curren en i ntervalos de  t iempo a leatorio” 

(Mackworth, 1957; cf. Parasuraman, Warm, & See, 1998; p. 221). Ya en esta definición de 

vigilancia se hace referencia a s u es trecha relación con la act ivación f isiológica o  arousal 

(entendido c omo e stado de  r eceptividad o pr eparación de l s istema ne rvioso a  l a 

estimulación; Kahneman, 1973).   

 La habilidad para mantener la atención y ejecutar de manera eficiente una tarea de 

vigilancia requiere la activación focalizada de áreas cerebrales y, por tanto, se relaciona con 

el ar ousal co rtical. S in em bargo, l a i nterpretación d e es tas m edidas f isiológicas n ecesita 

definirse co n m edidas comportamentales (Sarter, G ivens, & B runo, 200 1). C omo í ndices 

fisiológicos de l ni vel de  a rousal pode mos c onsiderar l os r egistros de  a ctividad 

electrocortical m ediante el ectroencefalografía ( EEG), o  l as m edidas d e d ominancia 

simpática co mo l a a ctividad car díaca o  electrodérmica. E n cu anto a l as m edidas 

comportamentales, l as t areas t radicionales d e vigilancia r equieren l a d etección d e u n 

estímulo que aparece con escasa frecuencia y que es impredecible durante un largo periodo 

de t iempo. Los í ndices co mportamentales q ue r eflejan el  d ecremento d e v igilancia 

normalmente s on e l e nlentecimiento de  l os t iempos de  r eacción y/o l a di sminución de  

señales críticas detectadas (Davies & Parasuraman, 1982).  
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 Dos t eorías ha n de stacado e n l a l iteratura a l a h ora d e ex plicar el  d ecremento d e 

vigilancia, la Teoría del Arousal y la Teoría de los Recursos. La primera de ellas asume una 

relación d irecta, c ausal, entre arousal y ejecución. La s egunda, s in embargo, as ume u na 

relación más compleja.  

 La Teoría del Arousal considera que hay un nivel óptimo de activación por encima 

y por debajo del cual la ejecución empeora, y que decrece con el paso del tiempo en tarea 

(Loeb & Allusi, 1980). La hipótesis del arousal asume que las demandas de procesamiento 

de la información en tareas de vigilancia son bajas. El decremento de vigilancia se debe a 

una habituación por la falta de estimulación, necesaria para mantener un nivel de activación 

fisiológica óptimo y, por tanto, una ejecución eficiente. Es decir, debido a la estimulación 

repetitiva d e l as t areas de v igilancia, a s u n aturaleza m onótona, l a ej ecución d ecae e n 

paralelo con el nivel de arousal.  

 Por el contrario, para la Teoría de los Recursos (hipótesis de la fatiga) las tareas de 

vigilancia imponen altas demandas de procesamiento de la información y se relacionan con 

altos niveles de estrés y carga mental debido a que la cantidad de información que podemos 

procesar es limitada (Grier, et al., 2003; Warm, Parasuraman, & Matthews, 2008). Es decir, 

mantener la atención cuando una tarea no es novedosa requiere un alto esfuerzo cognitivo. 

Esta teoría predice que cuando las demandas de la tarea exceden los recursos atencionales 

disponibles, por ejemplo por la dificultad de la tarea o por realizar tareas simultáneamente, 

la ej ecución em peora ( Davies &  P arasuraman, 1982; Warm, Parasuraman, &  M atthews, 

2008). Con el paso del tiempo haciendo una tarea los recursos disminuyen y, debido a las 

demandas i mpuestas de  m anera continua, no e s pos ible r eemplazarlos y se p roduce un  

decremento en la eficiencia con la que ejecutamos la tarea.  
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 La investigación sobre vigilancia se ha centrado tradicionalmente en el  es tudio del 

deterioro en  l a ej ecución m ediante t areas d e l arga d uración. R ecientemente, R obertson y 

colaboradores ( 1997) p roponen una  m edida a lternativa pa ra e l estudio de  l a a tención 

sostenida o vigilancia, los lapsus atencionales o fallos transitorios de la atención. La Teoría 

de la distracción (Robertson, M anly, A ndrade, Baddeley, & Y iend, 19 97) propone qu e 

estos fallos atencionales se deben a una falta de atención endógena, que debe mantenerse en 

ausencia de estimulación exógena debido a l a naturaleza repetitiva y aburrida de las tareas 

de vigilancia. Desde esta perspectiva, los decrementos de vigilancia son el resultado de la 

retirada de control consciente o voluntario debido a las escasas demandas de procesamiento 

de la información propias de las tareas de vigilancia.  

 Robertson y colaboradores (1997) desarrollaron la tarea SART (Sustained Attention 

to Response Task) como una medida sensible de fallos transitorios de la atención. En esta 

tarea “ go-nogo” d e corta duración (4,3 minutos a proximadamente) se debe responder t an 

rápido como sea posible a la presentación aleatoria de números del 1 al 9 (ensayos go), pero 

no ha y qu e r esponder cuando s e pr esenta e l nú mero 3  (ensayos no -go). La t area S ART 

invierte el patrón de respuesta típico de las tareas de vigilancia y presenta un alto porcentaje 

de e nsayos go en r elación c on ensayos no -go, por  l o qu e induce una  tendencia a  

automatizar la respuesta. Por tanto, se debe mantener la atención endógena para controlar la 

respuesta automática inducida durante los ensayos go y no responder en los ensayos no-go.  

 Normalmente, en las tareas go-nogo, la medida por excelencia son las falsas alarmas 

o e rrores en l os e nsayos no -go. S egún R obertson y colaboradores ( 1997), e stos e rrores 

pueden ocurrir debido a un fallo del mantenimiento óptimo de la atención durante la tarea, 

por l as f luctuaciones de l a v igilancia. La sensibilidad de l a t area S ART como m edida de 
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vigilancia o  at ención s ostenida as í co mo s u validez eco lógica s e apoya en  m edidas 

comportamentales de la pérdida de atención voluntaria como la aceleración de la respuesta 

antes de un error, la relación entre la ejecución y medidas subjetivas sobre la predisposición 

a fallos atencionales (“Cognitive Failures Questionnaire” –CFQ- de Broadbent,1982) y su 

capacidad pa ra di stinguir e ntre pobl ación c línica ( pacientes con l esión f rontal por  

traumatismo craneoencefálico) y no clínica.  

Por tanto, la tarea SART proporciona una medida de la habilidad para mantener el 

control e jecutivo pa ra i nhibir l a r espuesta dur ante un pe riodo de  t iempo determinado. E l 

control i nhibitorio es un a función e jecutiva fundamental que  pe rmite filtrar y suprimir l a 

información r elevante p ara evitar l a i nterferencia e i nhibir r espuestas d ominantes. E n l a 

presente tesis nos centraremos especialmente en la respuesta de inhibición de la tarea SART 

como í ndice de  c ontrol. La i nhibición de  r espuesta p uede de finirse c omo un pr oceso 

encargado de controlar las respuestas automáticas. 

 La ejecución óptima en la tarea SART se relaciona por tanto con la capacidad del 

mecanismo de  s upervisión y regulación d e l a atención vol untaria o s istema e jecutivo 

central. Según N orman y Shallice ( 1986) es te mecanismo s e act iva en  s ituaciones q ue 

requieren pl anificación y toma de  de cisiones, s olución de  pr oblemas, no a prendidas o 

novedosas, o cuando es ne cesario i nhibir r espuestas ha bituales q ue s on i napropiadas, 

permitiendo que nuestro comportamiento sea flexible en función de nuestros objetivos. Las 

regiones pr efrontales s e consideran el sustrato anatómico de l control ejecutivo (Cohen & 

Miller, 2001) , p or es o es ta t area es  s ensible a  p acientes co n l esión f rontal (Robertson, 

Manly, Andrade, Baddeley, & Yiend, 1997; Manly et al., 2003).  
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 Los estudios de neuroimagen y neuropsicológicos sugieren que la base neural de la 

vigilancia o atención sostenida se encuentra principalmente localizada en las áreas frontales 

y parietales d el h emisferio d erecho, l a co rteza ci ngulada an terior, el  t álamo y el t allo 

cerebral (Posner & Petersen, 1990; Posner, 2008; Paus, et al., 1997; Coull, Frackowiak, & 

Frith, 1998). Estudios de neuroimagen con la tarea SART han observado la activación de  

esta red frontoparietal derecha (Manly et al., 2003).  

 Las f luctuaciones en  el  n ivel d e v igilancia, r eflejadas en l os í ndices 

comportamentales, no solo se observan en la escala temporal de las tareas de vigilancia (de 

minutos a horas) sino también a lo largo del día (Posner, 2008).  

1.2. Influencias circadianas en la vigilancia  

 Nuestras funciones biológicas muestran variaciones cíclicas que se repiten día a día. 

Desde un punto de vista evolutivo, estas fluctuaciones diarias son una respuesta adaptativa, 

nos permiten anticipar y adaptarnos a cambios en el ambiente. Por ejemplo, nos aseguran el 

descanso o el  ah orro de en ergía. Estas v ariaciones d iarias s e co nocen co mo r itmos 

circadianos y s e de finen c omo f luctuaciones d e va riables bi ológicas con un pe riodo en 

torno a las 24 horas. El ciclo sueño-vigilia o la temperatura corporal son ejemplos de estos 

ritmos b iológicos. Los r itmos c ircadianos l os g enera  un m ecanismo e ndógeno ( el r eloj 

biológico o marcapasos) situado en el Núcleo Supraquiasmático (NSQ) del hipotálamo y se 

sincronizan con f actores ambientales (zeitgebers o  s incronizadores) como el  ci clo de luz-

oscuridad o l os ho rarios s ociales ( Roenneberg, Wirz-Justice, &  M errow, 2003) . E l NS Q 

proyecta in directamente ( vía N úcleo H ipotalámico D orsomedial) a l Locus C oeruleus, 

regulando el ritmo circadiano de la actividad noradrenérgica relacionada con la vigilia y el 

estado de alerta (Aston-Jones, Chen, Zhu, & Oshinsky, 2001; Aston-Jones & Cohen, 2005). 
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 El L ocus C oeruleus f orma p arte d el S istema A ctivador R eticular A scendente, 

implicado e n l a r egulación de  l os c iclos s ueño-vigilia. Las p royecciones n oradrenérgicas 

del Locus Coeruleus se distribuyen ampliamente en el cerebro, e influye en áreas frontales 

relacionadas c on i mportantes f unciones c ognitivas c omo l a m emoria y l a at ención ( Sara, 

2009).   

 Numerosos e studios obs ervan va riaciones di urnas e n funciones c ognitivas ( véase 

para un a r evisión, Schmidt, C ollette, C ajochen, & P eigneux, 2007;  Blatter & C ajochen, 

2007). Asimismo, se ha observado una modulación de la hora del d ía en la act ivación de 

regiones frontales (Vanderwalle, et al., 2009).    

La influencia de los ritmos circadianos puede ser estudiada con tareas atencionales 

como la SART. Manly y colaboradores (2002) observaron una modulación de la hora del 

día en la inhibición de respuestas mediante esta tarea. Concretamente, la exactitud (inhibir 

correctamente l a r espuesta en  l os en sayos n ogo) d e l os p articipantes fue m ayor en  l as 

sesiones de tarde (a las 13 h y 19 h) y menor durante las primeras horas de la mañana y la 

noche (a las 7 h y 1 h, r espectivamente). Por otra parte, el componente más automático de 

la tarea, la velocidad de respuesta en los ensayos go, no fue modulado por  la hora del día 

(Manly, Lewis, Robertson, Watson, & Datta, 2002). Sin embargo, Manly y colaboradores 

(2002) no t uvieron e n cuenta l as di ferencias i ndividuales e n relación c on l a tipología 

circadiana de los participantes. 

Las v ariaciones diurnas en l a ej ecución de tareas cognitivas pueden ser evaluadas 

con mayor precisión si tenemos en cuenta el cronotipo o tipología circadiana. Las personas 

se pue den c lasificar a  l o l argo de  un a di mensión de  M atutinidad-Vespertinidad en  t res 
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grupos de  c ronotipos: m atutinos, i ntermedios y vespertinos. Las pe rsonas c on c ronotipo 

matutino se levantan y acuestan pronto y presentan sus máximos de actividad en la primera 

mitad del día. Por el contrario, las personas con cronotipo vespertino se levantan y acuestan 

tarde y sus máximos de actividad se producen al final de la tarde o incluso en las primeras 

horas nocturnas. Las personas intermedias no muestran una preferencia clara con respecto a 

sus hábitos de sueño y el horario para realizar actividades (Adan, 2006).  

El c uestionario m ás ut ilizado pa ra c lasificar a  l as pe rsonas e n f unción de  s u 

cronotipo e s e l de  H orne y Ö stberg ( Morningness-Eveningness Q uestionnaire –MEQ-; 

1976). Una ve rsión r educida de l M EQ ha  s ido e standarizada e n pobl ación e spañola pa ra 

evaluar c ronotipo (rMEQ; Adan &  A lmirall, 1991) . La M atutinidad-Vespertinidad puede 

ser también evaluada en adolescentes mediante la escala MESC (Morningness-Eveningness 

Scale for Children) adaptada al español (Díaz-Morales & Gutiérrez, 2008). Los estudios en 

personas a dultas m uestran que  un 60%  de  l a pobl ación t iene un c ronotipo i ntermedio 

mientras que los cronotipos extremos representan el 40 % de la población. Los adolescentes 

generalmente presentan un sesgo hacia la vespertinidad, siendo las chicas las que muestran 

una m ayor t endencia a la v espertinidad ( Adan, N atale, &  C aci, 20 08; Díaz-Morales &  

Sorroche, 2008; Díaz-Morales, 2015).  

 La di mensión M atutinidad-Vespertinidad de scribe di ferencias i ndividuales, qu e 

tienen u na b ase genética ( Katzenberg, e t a l., 1998 ), e n f unción de  r itmos c ircadianos de  

variables biológicas y psicológicas, como se observa en el pico circadiano o acrofase de la 

temperatura (Kerkhof, 1 985; K erkhof & va n D ongen, 1996;  A dan e t al., 2012) . B aehr, 

Revelle y E astman ( 2000) obs ervaron que  e l va lor m ínimo m ás t ardío de  t emperatura s e 

asociaba con un horario de sueño más tardío y con puntuaciones claramente vespertinas en 
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el cuestionario de cronotipo. La temperatura mínima media de los participantes matutinos 

presentaba un avance de fase de dos horas con respecto a los vespertinos (Baehr, Revelle, & 

Eastman, 2000). 

Con u na es pecial r elevancia p ara n uestra i nvestigación, la ej ecución d e tareas 

cognitivas dependen de la hora del día a la que se realizan y de la tipología circadiana. Así, 

alcanzamos nuestro máximo rendimiento a nuestra hora óptima: efecto de sincronía (May 

& H asher, 1998) . C uando e l e fecto de  s incronía oc urre, s e obs erva un  m ayor grado d e 

eficiencia en  l a ej ecución de l as personas m atutinas durante l a m añana y de l as personas 

vespertinas por la tarde. Es decir, el cronotipo se relaciona con las diferencias horarias en 

los momentos óptimos de las capacidades de ejecución (Adan, 2006).  

Algunos estudios han analizado cómo varían los procesos de control en función de 

la t ipología ci rcadiana y el  m omento d e r ealización d e l a t area. E studios co n t areas d e 

memoria sugieren que el efecto de sincronía ocurre en procesos de carácter controlado más 

que automático (May, Hasher, & Foong, 2005). May y colaboradores (2005) realizaron un 

estudio e n e l que  ut ilizaron una  t area p ara m edir e l r ecuerdo i mplícito y explícito d e lo s 

participantes que consistía en completar raíces de palabras, bien con la primera palabra que 

llegase a su mente (tarea de recuerdo implícito) o con palabras utilizadas durante la fase de 

aprendizaje (tarea de r ecuerdo ex plícito). Estas autoras observaron e l típico e fecto d e 

sincronía en  l a t area d e m emoria ex plícita, r ecordando m ás p alabras p or l a m añana l os 

participantes c on cronotipo m atutino y po r l a t arde l os ve spertinos. Estos r esultados s on 

consistentes co n el es tudio d e M anly y colaboradores ( 2002), donde la ha bilidad pa ra 

inhibir respuestas inapropiadas fue modulada por la hora del día.  
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 A p esar d e las ci tadas evidencias a  f avor de  que  l os pr ocesos de  c ontrol s on 

modulados por la influencia de los ritmos circadianos, no existe un acuerdo general sobre la 

relación e ntre r itmos c ircadianos, pr ocesos de  c ontrol y pr ocesos a utomáticos. N atale y 

colaboradores (2003) observaron e l efecto d e s incronía en l as r espuestas af irmativas 

(presencia del estímulo objetivo) de una tarea de búsqueda visual, con una mayor velocidad 

de respuesta los participantes matutinos por la mañana y los participantes vespertinos por la 

tarde. S in e mbargo, no  lo observaron en  t areas d e r azonamiento l ógico, es pacial y 

matemático (Natale, A lzani, &  C icogna, 2003) . Por o tra p arte, B ennett y co laboradores 

(2008), observaron el efecto de sincronía en la Wisconsin Card Sorting Task (WCST), una 

tarea que  d emanda pr ocesos de  c ontrol e jecutivo, pe ro no  e n pr uebas c omo l a CPT 

(Continuous Performance Test), amplitud de dígitos (WAIS-III) y la COWAT (Controlled 

Oral Word Association Task; Bennet, Petros, Johnson, & Ferraro, 2008). Con el objeto de 

aclarar esta divergencia de resultados, en la presente tesis estudiamos el efecto de sincronía 

con l a t area S ART, ya que p ermite ev aluar có mo v arían l os í ndices d e p rocesamiento 

automático ( velocidad d e r espuesta en l os e nsayos go) y de  p rocesamiento c ontrolado 

(proporción de  i nhibiciones c orrectas en l os e nsayos no go) ba jo e l m ismo c ontexto 

experimental dentro de la misma tarea. 

 El e studio de  l a i nfluencia de  l a hor a de l dí a y las di ferencias i ndividuales e n 

cronotipo e s i mportante pa ra l a e valuación de  f unciones c ognitivas, t anto e n un c ontexto 

experimental c omo c línico, de bido a l i mpacto ne gativo o f avorable de  l a i nteracción de  

ambos factores circadianos. En este sentido, el menoscabo de la atención en situaciones de 

vigilancia pue de a gravarse cu ando l a ev aluación s e r ealiza a u na h ora d el d ía q ue n o es  

óptima de acuerdo a nuestro cronotipo. El estudio conjunto de la influencia de la hora del 
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día y el cronotipo, por tanto, conlleva importantes aplicaciones prácticas para el campo de 

la v igilancia, puesto que  nuestra vulnerabilidad a  los efectos del paso del t iempo en tarea 

podría modularse por nuestro cronotipo y la hora del día. 

 En esta l ínea, el estudio de medidas fisiológicas como índices de las fluctuaciones 

en vigilancia mediante métodos no invasivos es de especial relevancia para la investigación 

aplicada y para la presente tesis, ya que el nivel de vigilancia determina la eficiencia con la 

que realizamos una gran variedad de tareas cotidianas. La investigación sobre predictores 

sensibles d e l a ejecución en  s ituaciones q ue r equieren v igilancia n os puede a yudar a 

anticipar fallos en la vigilancia y a prevenir sus consecuencias negativas.  

1.3. Marcadores fisiológicos de la vigilancia: Electroencefalografía y temperatura de 

la piel  

 Como c omentábamos a l principio de  l a pr esente t esis, t anto m edidas fisiológicas 

centrales como periféricas se h an propuesto como m arcadores de  l a vi gilancia. S in 

embargo, m uchas de  e stas m edidas no s on ergonómicas y a decuadas para estudios de  

campo, c omo e s el caso d e t écnicas d e n euroimagen co mo l a i magen p or R esonancia 

Magnética Funcional ( iRMF) o la Tomografía por Emisión de Positrones (TEP; Mehta & 

Parasuraman, 2013), que aún no son portátiles y requieren la inmovilización del sujeto.  

 Recientemente, la espectroscopia funcional por luz cercana al infrarrojo (fNIR) y la 

sonografía t ranscraneal Doppler (TCD) s e han propuesto c omo he rramientas út iles pa ra 

medir el estado cognitivo en situaciones de la vida real. Mediante TCD se ha observado que 

el d eterioro en l a ej ecución d e t areas d e v igilancia s e a compaña d e u n d eclive en  l a 

velocidad d el f lujo s anguíneo cerebral d el h emisferio d erecho ( Warm &  P arasuraman, 
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2007; Warm, Matthews & Parasuraman, 2009), consistente con la lateralización de la red 

neural de la vigilancia (Posner & Petersen, 1990; Posner, 2008).  

 En l a pr esente t esis, nos  c entraremos en e l estudio de  dos  pos ibles m arcadores 

fisiológicos: l a el ectroencefalografía (EEG) y l a t emperatura d e l a p iel. E l r egistro d e 

actividad el éctrica ce rebral m ediante l a t écnica de potenciales evocados r elacionados con 

eventos (ERP en inglés) es una  técnica neurofisiológica objetiva que  permite una  medida 

continua y en tiempo real de las etapas de procesamiento de la información debido a su alta 

resolución t emporal. Aunque e l de sarrollo t ecnológico e stá pr opiciando un m ayor us o 

ergonómico de l E EG, s in c ables y por tátil, s u a plicación e n e studios de  c ampo e s a ún 

costosa y no está muy extendida en la literatura. Por este motivo la presente tesis pretende 

innovar e n e ste campo c on l a pr opuesta de  un a medida m ás e rgonómica que  e l E EG, l a 

temperatura de la piel.  

La t emperatura de  l a p iel pe rmite una  m onitorización c ontinua dur ante l argos 

periodos de  t iempo y es una  m edida no i nvasiva, por tátil, de  ba jo c oste y m uy f ácil 

aplicación. E sta me dida s e h a u tilizado a mpliamente e n e l e studio d e la s v ariaciones 

circadianas, i ncluyendo s u r elación co n l a ej ecución d e t areas s encillas d e t iempo d e 

reacción. S in e mbargo, aún s e de sconoce l a vi abilidad de  s u a plicación pa ra e studiar s u 

relación con la ejecución de tareas cognitivas más complejas (por ejemplo, que requieran el 

control inhibitorio de respuestas) a lo largo de una tarea (es decir en un c ontexto temporal 

mucho más corto que los periodos circadianos). En esta tesis precisamente nos proponemos 

evaluar l as ventajas y l imitaciones del registro de l a t emperatura de l a p iel para inferir el  

estado cognitivo de las personas que realizan una tarea de vigilancia.  
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1.3.1. La temperatura corporal 

 La t emperatura corporal no e s c onstante a  l o l argo d el dí a, sino que  se en cuentra 

sujeta a una modulación circadiana. Concretamente, el NSQ lleva a cabo el ajuste del ritmo 

circadiano d e l a t emperatura, m ientras q ue el  Á rea P reóptica, s ituada t ambién en  el  

Hipotálamo, se encarga de su mantenimiento dentro de unos valores fisiológicos óptimos. 

A través del f lujo sanguíneo, el  calor es  canalizado hacia las zonas distales y proximales. 

En las regiones distales se encuentran las anastomosis arteriovenosas, conexiones directas 

entre l as arterias y l as venas que hacen posible l a conservación y l a pérdida de calor. La 

disminución de  l a temperatura c entral es e l r esultado de  l a pé rdida de  c alor de bido al 

incremento d e l a v asodilatación d istal, que c onlleva un a umento de  l a t emperatura 

periférica de la piel (Kräuchi, Cojechen, & Wirz-Justice, 2005; Kräuchi, 2007).  

La temperatura corporal central es  un marcador robusto del s istema circadiano. La 

temperatura central muestra una relación inversa a la temperatura de la piel distal durante el 

ciclo ci rcadiano. E l v alor m ínimo d e t emperatura central ( nadir) t iene l ugar d urante l a 

noche debido a una disminución de la producción de calor y una vasodilatación en las zonas 

distales del cuerpo (es decir, un mayor flujo sanguíneo que se traduce en un aumento de la 

temperatura d istal). A l a tardecer, la  te mperatura c entral y la  p roximal d isminuyen 

progresivamente mientras que la temperatura distal va aumentando  (Kräuchi, Cajochen, & 

Wirz-Justice, 1997; Kräuchi & Wirz-Justice, 2001; Kräuchi, 2007).  

El aumento de la temperatura distal se ha propuesto como un mecanismo clave que 

favorece la somnolencia a medida que la temperatura central baja. Es decir, el factor clave 

en el inicio del sueño es la vasodilatación de las regiones distales de la piel. En esta línea, 
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se ha sugerido que l as d ificultades para una vasodilatación apropiada pueden ser la causa 

fisiológica de algunas alteraciones del sueño, especialmente en la vejez (Ancoli-Israel et al., 

1986; Van Someren, 2000; Pache et al., 2001). La pérdida de calor normalmente se mide 

mediante el  g radiente d istal-proximal o  G DP ( Kräuchi & W irz-Justice, 1994;  K rauchi, 

1999; Kraüchi et al., 2000; Kräuchi & Wirz-Justice, 2001; Kräuchi, 2007).  

En general, el  menor n ivel de alerta co incide con el  valor mínimo de temperatura 

central y máximo de la temperatura distal, en las horas centrales del sueño, entre las 3 y las 

6 de  l a m adrugada ( Gradisar & Luck, 2004) . En c ondiciones nor males, l a t emperatura 

corporal y l a ejecución en  t areas d e t iempo d e r eacción simple presentan un pa trón 

circadiano, observándose en ambos altos niveles durante la vigilia y bajos niveles durante la 

noche (Kleitman & J ackson, 1950;  Wrigth, Hull, &  C zeisler, 2002 ; B latter &  Cajochen, 

2007). Por tanto, combinar medidas comportamentales y fisiológicas como la temperatura 

corporal nos  pue de pr oporcionar una  estimación obj etiva y m ás c ompleta de l gr ado de  

eficiencia co n q ue l as p ersonas s e en frentan a situaciones q ue r equieren u na v igilancia 

óptima.   

 Recientemente, Romeijn y  co laboradores (2011) ha n obs ervado que l as 

fluctuaciones en temperatura podrían considerarse un predictor de la ejecución en una tarea 

de t iempo d e r eacción s imple. Los i ncrementos en  l a t emperatura d istal, l a t emperatura 

proximal e n pa rticular, y  su gradiente di stal-proximal, s e r elacionaron c on t iempos de  

reacción m ás l entos y una m ayor f recuencia d e l apsus at encionales (Romeijn &  V an 

Someren, 2011) . En e studios en l os que  s e ha  m anipulado experimentalmente  la 

temperatura co rporal t ambién s e h a observado es ta r elación. R aymann y c olaboradores 

(2007) obs ervaron que  u n i ncremento e n l a t emperatura pr oximal m ediante l a i ngesta de  
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bebidas cal ientes ac eleraba el  d ecremento d e v igilancia en  l a T area d e V igilancia 

Psicomotora (PVT; Raymann & Van Someren, 2007).  

 El estudio de la temperatura periférica es más reciente. La temperatura distal es de 

gran relevancia en la regulación de la temperatura central, lo que aporta evidencia a f avor 

de su origen endógeno (Sarabia, Rol, Mendiola & Madrid, 2008). Sarabia y colaboradores 

(2008) pr oponen que  l a temperatura d e l a m uñeca es  u n í ndice f iable d e l a r itmicidad 

circadiana, con la ventaja añadida de que es una medida fácil de registrar y de bajo coste, lo 

que l a c onvierte e n una  m edida i deal pa ra e l d iseño de  di spositivos ergonómicos y e l 

estudio de correlatos fisiológicos de la vigilancia en contextos naturales. 

1.3.2. Electroencefalografía (EEG) 

 La electroencefalografía (EEG) es una medida potencialmente viable para el estudio 

de l as f luctuaciones en  v igilancia p uesto q ue d etecta cam bios en  t iempo r eal. Los 

potenciales evocados son oscilaciones t ransitorias en  el  voltaje del cerebro en respuesta a 

un evento. Esta técnica permite una medida continua del procesamiento entre un estímulo y 

una respuesta (e incluso en ausencia de la respuesta) mediante la que  podemos  determinar 

qué et apa del p rocesamiento en  concreto s e ve a fectada por nuestra m anipulación ( Luck, 

2005).   

En l as t areas g o-nogo, dos pot enciales c on un a di stribución f ronto-central s e h an 

relacionado con la inhibición de respuesta, el N2 y el P3 (Eimer, 1993; Falkenstein et al., 

1999). La distribución en regiones f rontales del P3 durante la inhibición de respuestas en 

tareas go-nogo, se conoce como e fecto de  anteriorización del P3 (Fallgatter e t al., 1999) . 

Los potenciales N2 y P3 se han observado en la tarea SART cuando se requiere inhibir la 
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respuesta ( Zordan e t a l., 2008) . Los e rrores de  i nhibición e n l a t area S ART s e ha n 

relacionado con una amplitud a tenuada del N2 y P3 (O’Connel e t al., 2009). Aunque los 

potenciales r elacionados co n et apas m ás t empranas d el p rocesamiento r eciben m enos 

atención, a lgunos e studios ha n obs ervado una  a mplitud m ás ne gativa de l N 1 e n r egiones 

posteriores cuando se requiere inhibir una respuesta (Kirmizi-Astan et al., 2006) así como 

una m odulación e n s u a mplitud e n f unción de  l a di ficultad de  l a t area, a sociándose una  

amplitud más negativa a un mayor grado de dificultad (Benikos et al., 2013). 

 Pocos e studios ha n i nvestigado e l e fecto de l pa so de l t iempo e n t areas g o-nogo. 

Kato y colaboradores (2009) observaron que la amplitud del P3 cuando se requiere inhibir 

un respuesta es sensible a los efectos del paso del tiempo en una tarea go-nogo espacial. La 

amplitud del P3 se atenuó con el paso del tiempo en tarea, sugiriendo que la asignación de 

recursos em peora co nforme av anza l a t area ( Kato, E ndo, &  K izuka, 2009) . Smit y  

colaboradores (2004), aunque no estudiaron la actividad cerebral asociada al efecto del paso 

del t iempo en  t area, observaron que l a t area S ART es  s ensible al  ef ecto d e f atiga. E n 

concreto, un i ncremento e n l a a ctividad t heta (relacionado c on un ni vel m ás b ajo de  

vigilancia) y e n l os errores e n l a t area S ART de bido al e fecto de  f atiga inducido por  un  

periodo de esfuerzo anterior a la ejecución de la tarea (Smit, Eling, & Coenen, 2004).  

En este sentido, en la presente tesis estamos interesados en el estudio de los cambios 

en la actividad electrocortical asociados al efecto del paso del tiempo durante la realización 

de una tarea que requiere mantener la atención para inhibir la respuesta ante la presentación 

de estímulos impredecibles e infrecuentes, la SART. 
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Como conclusión, en esta tesis profundizaremos en el estudio de las f luctuaciones 

de la capacidad para controlar respuestas inapropiadas a lo largo de una tarea prolongada de 

vigilancia. C oncretamente es tamos i nteresados en  co nocer s i es tas f luctuaciones 1 ) 

dependen de factores circadianos como la hora del día y el cronotipo de los participantes, y 

2) se pueden predecir mediante el registro de índices fisiológicos. Una implicación práctica 

de esta investigación consiste en poder diseñar horarios óptimos de realización de trabajos 

prolongados donde  l a c omisión de  e rrores c onlleva un r iesgo pa ra l a s alud, a justados a l 

perfil c ircadiano d el t rabajador. E n caso d e qu e l os hor arios l aborales no pe rmitan t al 

flexibilidad, el diseño de dispositivos ergonómicos que monitoricen el estado cognitivo de 

los trabajadores basados en marcadores fisiológicos como el EEG o la temperatura corporal 

podría minimizar dicho riesgo.   
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 Como he mos c omentado anteriormente, m antener l a atención es una  f unción 

atencional crucial en nuestra vida diaria. El deterioro en la eficiencia de la ejecución con el 

paso de l t iempo en t areas d e v igilancia ocupa un l ugar c entral en l a i nvestigación s obre 

vigilancia.  

 Además del efecto del paso del tiempo en tarea, la vigilancia fluctúa a lo largo del 

día y existen d iferencias i ndividuales de cronotipo que  m odulan n uestras f unciones 

cognitivas.  S in embargo, normalmente los estudios no t ienen en cuenta estas di ferencias 

individuales. La diferencia entre los momentos o picos de máxima eficacia en función del 

cronotipo se conoce como efecto de sincronía.  

 Por ot ra parte, no e xiste consenso entre l a relación entre hora del día, c ronotipo y 

procesos d e co ntrol f rente a au tomáticos. A lgunos e studios s ugieren que  l os pr ocesos de  

control y no los automáticos se modulan por la hora del día y las diferencias individuales en 

cronotipo, sin embargo, otros sostienen que este efecto de sincronía también se observa en 

procesos de carácter automático.  

 El e studio de  l a i nfluencia de  e stos f actores circadianos en nue stras f unciones 

cognitivas puede ser de gran utilidad práctica en numerosos contextos, por ejemplo, en el 

diseño de  hor arios l aborales, e valuaciones ne uropsicológicas o e n e ducación, y por t anto 

conlleva beneficios para la salud y la seguridad en general.  

 Del mis mo mo do, a nticipar y p redecir fallos e n v igilancia q ue p uedan aca rrear 

consecuencias g raves (por ej emplo a ccidentes l aborales) en contextos n aturales es u n 

importante objetivo práctico de la investigación sobre vigilancia, y uno de  los principales 

propósitos de  l a di sciplina c onocida c omo N euroergonomía. E l interés d e l a 
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Neuroergonomía r eside en e l estudio de l cerebro hum ano en r elación c on s ituaciones 

naturales o  de la v ida diaria, con especial énfasis en  su interacción con l a tecnología y el  

trabajo. E n N euroergonomía,  e l e studio de  va riables f isiológicas como pr edictores de l 

estado c ognitivo t iene c omo f in e l di seño de  dispositivos pórtatiles que  pe rmitan una  

evaluación continua, fiable y sensible. 

 La p resente tesis do ctoral c onsta d e dos  obj etivos pr incipales. E n pr imer l ugar, 

estudiar el  efecto d el paso d el t iempo en  t area en l a habilidad pa ra i nhibir r espuestas 

dominantes pero inapropiadas e investigar la influencia de la hora del día y las diferencias 

individuales de cronotipo. En segundo lugar, estudiar marcadores fisiológicos asociados a 

la ef iciencia en  la ej ecución d e la tarea SART. En co ncreto, l a a ctividad el éctrica d el 

cerebro asociada a l a inhibición correcta de r espuestas mediante l a t écnica de potenciales 

evocados y la temperatura de la piel, una medida portátil, no invasiva, de bajo coste y que 

permite registros de larga duración.  

Objetivo 1. E fecto de l paso del tie mpo en t area en la h abilidad pa ra i nhibir respuestas 

inapropiadas e influencia de factores circadianos 

  La tarea de vigilancia SART proporciona un índice de inhibición de respuestas, ya 

que i nvierte el  p atrón característico d e l as t areas t radicionales d e v igilancia (mayor 

proporción de  e nsayos go f rente a  ba ja pr oporción de  e nsayos no go). E n e sta t area, p ara 

inhibir eficazmente la respuesta, se requiere mantener la atención endógena. La tarea SART 

es u na t area d e corta duración ( 4.3 m inutos a proximadamente). E n la pr esente t esis 

prolongamos la duración de la tarea SART para estudiar el  efecto del paso del t iempo en 

tarea.  
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 Se ha  obs ervado que  l a ha bilidad pa ra i nhibir r espuestas i napropiadas en  l a t area 

SART es  modulada por la hor a de l dí a. Por el  co ntrario, l a v elocidad d e r espuesta, 

considerada el índice comportamental que refleja el componente automático de la tarea, no 

mostró v ariaciones ci rcadianas (Manly, L ewis, R obertson, W atson, &  D atta, 2002) . Sin 

embargo, no se ha estudiado la influencia del cronotipo en la ejecución de la tarea SART.   

 En e ste pr imer e studio utilizamos un pr otocolo de hor a de l dí a pa ra e studiar s i el 

efecto del paso del t iempo en tarea en la ejecución de la tarea SART es modulado por la 

hora d el d ía y las diferencias i ndividuales de  c ronotipo. Por t anto, evaluamos a l os 

participantes a su hora óptima (mañana para los matutinos y tarde para los vespertinos) y no 

óptima en función de su cronotipo mientras seguían su horario y actividades habituales. Por 

otra pa rte, e n función de l as i nstrucciones da das e n l os bl oques experimentales que  

componen l a t area, m anipulamos l a e strategia que  de bían a doptar los pa rticipantes 

(precisión, r apidez) siguiendo un di seño i ntrasujeto. E n la  e strategia d e P recisión s e 

priorizaba el c ontrol i nhibitorio de  l a r espuesta s obre l a ve locidad, s iendo e l obj etivo 

principal al canzar altos n iveles de exactitud. De es ta manera los participantes adoptan un  

estilo de respuesta que demanda mayor control ejecutivo. Por el contrario, en la estrategia 

de Rapidez se prioriza la velocidad sobre la inhibición de respuesta, adoptando un estilo de 

respuesta más automático.  

En primer lugar, esperábamos observar el efecto de sincronía en la estrategia Precisión, 

es decir, cuando se requiere la participación de procesos de control. Además esperábamos 

un mayor número de errores de comisión con el paso del tiempo en la hora no óptima de los 

participantes. Por el contrario, la ejecución en la estrategia Rapidez, no mostraría un efecto 

del paso del tiempo en tarea ni sería modulada por la hora del día y el cronotipo.  
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  Nuestros r esultados m ostraron un efecto de  sincronía cuando s e r equeria l a 

participación de procesos de control, en la estrategia Precisión. Los participantes matutinos 

mostraron una menor en la habilidad exactitud para inhibir respuestas inapropiadas con el 

paso del tiempo en la sesión de tarde mientras que los vespertinos mostraron un efecto del 

paso del tiempo más acusado en la sesión de mañana en comparación con la sesión de tarde. 

Por el contario, la ejecución en la tarea no fue modulada por el cronotipo y la hora del día 

cuando los participantes adoptaban un estilo de respuesta de carácter automático (estrategia 

Rapidez). 

 Puesto que observamos que la habilidad para mantener una respuesta de inhibición 

eficaz empeora con el paso del tiempo en tarea, nos propusimos replicar este resultado en el 

Estudio 2 mediante una versión de larga duración de la tarea SART y explorar los cambios 

en la actividad eléctrica del cerebro asociados al efecto del paso del tiempo en la inhibición 

de respuestas mediante la técnica de potenciales evocados. 

2. Marcadores fisiológicos asociados a la ejecución de la tarea SART: EEG y temperatura 

de la piel 

2.1. Correlatos el ectrocorticales d el ef ecto d el p aso d el t iempo en  l a i nhibición d e 

respuestas inapropiadas 

 El obj etivo de  e ste e studio f ue i nvestigar  e l c urso t emporal de  l os pot enciales 

asociados a p rocesos d e i nhibición de  respuesta c on el f in d e e stablecer un í ndice 

neurofisiológico del efecto del paso del tiempo en inhibición de respuesta. En el Estudio 1 

observamos que  e l e fecto de l pa so de l t iempo e s m odulado por  l a h ora de l dí a y e l 
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cronotipo. Por tanto, en el Estudio 2, realizamos las sesiones a una hora neutral (11:00 h) 

para evaluar a participantes principalmente con cronotipo intermedio.  

 Los e studios c on t areas g o-nogo sugieren que las onda s N2 y P 3, co n m áxima 

amplitud en zonas frontocentrales cuando se requiere inhibir una respuesta, son índices del 

proceso inhibitorio. Zordan y colaboradores (2008) observaron estos potenciales asociados 

a la inhibición de respuesta en la tarea SART (Zordan, Sarlo, & Stablum, 2008). Asimismo, 

una mayor amplitud del N2 y P3 en l a t area SART se ha  relacionado con una  inhibición 

eficaz (O´Connell, et al., 2009).  

 En este segundo estudio esperábamos, por una parte, replicar el efecto del paso del 

tiempo en l a ha bilidad pa ra i nhibir r espuestas i napropiadas. Por ot ra p arte, es perábamos 

observar una amplitud atenuada de las ondas  N2 y P3 en paralelo con una menor exactitud 

para i nhibir r espuestas i napropiadas c on el p aso de l t iempo en tarea. Por ot ra pa rte,  los 

potenciales asociados al p rocesamiento en  et apas tempranas, P 1 y N1, reciben m enos 

atención en los estudios con tareas go-nogo. En nuestro estudio, analizamos los potenciales  

P1, N1, N2 y P3 para evaluar si el efecto del paso del tiempo influía específicamente en los 

procesos relacionados con la selección de respuesta y control cognitivo o también en etapas 

de p rocesamiento m ás tempranas. A demás, an alizamos l a r elación en tre l as m edidas 

fisiológicas y la ejecución en la tarea SART.  

 El e fecto de l p aso de l t iempo e n l a i nhibición d e r espuestas inapropiadas no f ue 

significativo (aunque a nálisis pos teriores c on un a m ayor m uestra m ostraron un r esultado 

marginal, m ás c ercano a nue stros r esultados de l E studio 1) . Las ond as N 2 y P 3 fueron 

sensibles al  ef ecto del p aso del t iempo en t area, mostrando una  amplitud reducida. E stos 
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resultados s ugieren que  l a a mplitud de l N 2 y e l P 3 podr ían s er í ndices de  l a e ficiencia 

inhibitoria c on e l pa so del t iempo e n t area. P or ot ra pa rte, l a a mplitud del N 1 f ue m ás 

negativa, lo que podría reflejar una mayor dificultad de la discriminación perceptiva con el 

paso de l t iempo en t area. S in e mbargo, no obs ervamos una  r elación e ntre l as m edidas 

comportamentales d e l a t area ( precisión y v elocidad d e respuesta) y l as m edidas 

neurofisiológicas, posiblemente por el tamaño muestral de este estudio.  

 En este segundo studio nuestro objetivo fue establecer un marcador neurofisiológico 

asociado al efecto del paso del tiempo en tarea en la inhibición de respuestas eficaces. En el 

Estudio 3, nuestro interés residía en el estudio de un indicador autonómico, la temperatura 

de la piel.  

2.2 Temperatura de la piel como índice fisiológico de la ejecución en la tarea SART 

 El objetivo de esta serie experimental fue investigar si temperatura de la piel podría 

utilizarse como índice fisiológico de fluctuaciones en el nivel de vigilancia, con la ventaja 

de ser un método fácil y de bajo coste, portátil y no invasivo.   

 La relación en tre t emperatura d e l a p iel y la ejecución en t areas d e v igilancia en  

periodos de tiempo con una duración inferior a los ritmos circadianos (24 horas) es reciente. 

En una investigación previa se ha sugerido que los valores de temperatura, especialmente 

proximal, s e r elacionan co n r espuestas m ás l entas y una m ayor frecuencia d e lapsus 

atencionales en  p ruebas de v igilancia p sicomotora (Romeijn & Van Someren, 2011). Por 

otra parte, el estudio de Raymann y colaboradores (2007), donde manipulan la temperatura 

corporal, ap oya este hallazgo. Incrementos e n l a t emperatura p roximal acel eran el  

decremento d e v igilancia (Raymann &  V an S omeren, 2007) . Sin e mbargo, no s e h a 
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estudiado s i es ta r elación t emperatura-ejecución p uede g eneralizarse a l a ej ecución de 

tareas d e v igilancia m ás co mplejas q ue requieren co ntrol ej ecutivo como l a t area S ART. 

Por ot ra pa rte, no h ay e studios que  m uestren e l c urso na tural de  l a t emperatura dur ante 

tareas de vigilancia y si la temperatura de la piel difiere en función de latarea que se realiza, 

es decir, si es selectiva a las demandas de la tarea.  

 Con el propósito de abordar estas cuestiones, se realizaron dos experimentos en los 

que s e registraron la te mperatura d istal, p roximal y el gradiente d istal-proximal. A mbos 

experimentos se diseñaron con el objetivo de evaluar la sensibilidad de la temperatura de la 

piel co mo í ndice f isiológico d e v ariaciones en l a ej ecución. E n e l E xperimento 1, s e 

establecieron dos condiciones de tarea (Tarea, No Tarea) siguiendo un di seño entregrupo. 

Los p articipantes as ignados al  g rupo T area r ealizaron l a t area S ART mientras q ue los 

participantes asignados al grupo No Tarea (grupo control) recibieron la misma estimulación 

sensorial pe ro no tenían q ue r ealizar la t area. E n el  E xperimento 2 , s e llevó a cab o u na 

manipulación de las demandas de la tarea atencional mediante el paradigma de doble tarea. 

Los participantes debían realizar dos tareas simultáneamente en la condición dual, laSART 

y una t area de conteo, y solo la tarea SART en la condición s imple.  P or una  parte, s i la 

temperatura d e l a p iel er a s electiva a l as d emandas d e l a t area, es perábamos observar 

diferencias en  l a t emperatura d e l a p iel en  f unción d e l a co ndición d e T area (Tarea, N o 

Tarea en el Experimento 1 y Simple, Dual en el Experimento 2). Además, al igual que en 

los es tudios an teriores, esperábamos r eplicar el  efecto d el p aso d el t iempo en c ontrol 

inhibitorio. En e l Experimento 2, de bido a l coste o e fecto de  i nterferencia por  r ealizar l a 

tarea d ual, la ej ecución en l a t area p rimaria ( SART) s e v ería afectada por l as d emandas 

impuestas por l a t area s ecundaria (tarea d e conteo). Por t anto, esperábamos observar una  
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peor ejecución  (mayor número de errores de comisión) en la condición dual (SART y tarea 

de conteo) en comparación con la condición s imple (SART). Por ot ra parte, e l efecto del 

pas d el tie mpo en l a e xactitud pa ra i nhibir r espuestas i napropiadas podría ser m enos 

acusado en l a c ondición s imple, donde  l os r ecursos a tencionales no d eben c ompetir por  

realizar dos tareas simultáneamente. 

 Nuestros r esultados s ugieren que  l a t emperatura pr oximal e n pa rticular podr ía 

asociarse con la ejecución en tareas de vigilancia más complejas como la tarea SART que 

requiere inhibición de respuesta. Además, nuestros resultados muestran por primera vez que 

la temperatura proximal fue sensible a los efectos del paso del tiempo y a las demandas de 

la tarea. Sin embargo, futuras investigaciones deben esclarecer su relación con la ejecución 

en tareas cognitivas y su interpretación como índice fisiológico.  
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Abstract 

Time of day modulates our cognitive functions, especially those related to executive 

control, s uch as t he ability t o i nhibit i nappropriate r esponses. H owever, t he i mpact o f 

individual differences in time of day preferences (i.e. morning vs. evening chronotype) had 

not been considered by most studies. It was also unclear whether the vigilance decrement 

(impaired performance with time on task) depends on both time of day and chronotype. In 

this s tudy, m orning-type an d ev ening-type pa rticipants pe rformed a  t ask m easuring 

vigilance a nd r esponse i nhibition ( the Sustained A ttention t o R esponse Task, S ART) i n 

morning a nd e vening sessions. T he r esults s howed t hat t he vi gilance de crement i n 

inhibitory p erformance w as ac centuated at  n on-optimal a s c ompared to  o ptimal time s o f 

day. In t he m orning-type gr oup, i nhibition pe rformance de creased l inearly w ith t ime on  

task only in the evening session, whereas in the morning session it remained more accurate 

and stable over time. In contrast, inhibition performance in the evening-type group showed 

a l inear vi gilance d ecrement i n t he m orning s ession, w hereas i n t he evening s ession t he 

vigilance de crement was a ttenuated, following a  quadratic t rend. Our f indings imply th at 

the ne gative e ffects of  t ime on t ask i n e xecutive c ontrol c an b e pr evented b y s cheduling 

cognitive ta sks a t th e o ptimal time  o f d ay a ccording to  s pecific c ircadian p rofiles o f 

individuals. T herefore, t ime of  da y and c hronotype i nfluences s hould b e c onsidered i n 

research an d cl inical s tudies as  w ell as  r eal-word s ituations de manding e xecutive c ontrol 

for response inhibition. 
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Introduction 

Maintaining a ttention t o t he t ask a t ha nd ov er a n extended t ime pe riod ( i.e., 

vigilance) can be crucial in many situations. Research on vigilance has reported a drop-off 

in performance as  t ime on t ask i ncreases, t he so-called v igilance d ecrement (Mackworth, 

1948). The v igilance decrement has b een ex plained i n t erms o f ei ther r educed arousal o r 

depletion of cognitive resources over time (Parasuraman & Davies, 1977). 

The vigilance level of individuals also fluctuates at longer timescales, for example 

over t he course of  t he d ay, as s hown b y r esearch us ing t he P sychomotor V igilance T est 

(PVT; Lim & D inges, 2008) . T ime of  da y further i nfluences hi gher-order c ognitive 

functions, a s i ndexed b y behavioural a nd ne ural m easures r elated t o ex ecutive co ntrol 

(Manly, Lewis, Robertson, Watson, & Datta, 2002; Bratzke, Rolke, Ulrich, & Peters, 2007; 

Vanderwalle, y otros, 2009; Marek, et al., 2010; Schmidt, Collette, Cajochen, & Peigneux, 

2007; Blatter & Cajochen, 2007). 

Executive control i s typically engaged in novel or  complex s ituations to adapt our  

behaviour f or optimal pe rformance (e.g. i nhibiting r outine r esponses w hen t hey a re 

inappropriate; Norman & S hallice, 1986) . T he S ustained A ttention t o R esponse T ask 

(SART; Robertson I. H., Manly, Andrade, Baddeley, & Yiend, 1997) measures the ability 

to sustain executive control for response inhibition over a given period of time. The SART 

requires f ast r esponses t o r andom s ingle di gits f rom 1 t o 9 ( go di git), e xcept f or t he ‘ 3’ 

stimulus ( no-go di git), t o w hich pa rticipants must not r espond ( see F igure 1 for a n 

example). T herefore, s uccessful response i nhibition t o i nfrequent no -go t rials de mands 
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prolonged a ttention dur ing t ask ( Robertson I. H ., M anly, A ndrade, B addeley, &  Y iend, 

1997). 

Grier an d co lleagues (Grier, e t a l., 2003)  noted that pe rformance on a  s imulated 

quality in spection ta sk s imilar to  th e SART p aradigm ( i.e. a  v igilance ta sk r equiring 

inhibition of an habitual response) also declines over extended periods. Furthermore, Manly 

and colleagues (Manly, Lewis, Robertson, Watson, & Datta, 2002) reported a t ime of day 

effect on ove rall r esponse i nhibition us ing t he S ART, s uch t hat a ccurate i nhibition of  

responses on no -go t rials w as l ower dur ing e arly m orning a nd ni ght a s c ompared t o t he 

afternoon a nd e vening t imes. In c ontrast, R Ts o f g o tr ials, a ssumed to  r eflect a utomatic 

processing, were not modulated by time of day. These studies together reveal that both time 

on t ask a nd t ime of  da y pr oduce i mportant effects on e xecutive c ontrol dur ing response 

inhibition tasks. However, to the best of our knowledge, the joint impact of these factors on 

inhibitory control had not been studied previously. 

On t he ot her ha nd, chronotype refers t o i ndividual di fferences regarding bot h t he 

preferred time of day to perform activities and sleep timing. Chronotype has a genetic basis 

(Katzenberg, et a l., 199 8), it a ffects t he t emporal or ganization of  ph ysiological functions 

and be haviours, a nd can t herefore i nfluence cognitive functioning t hrough t he da y 

(Schmidt, Collette, Cajochen, & Peigneux, 2007). There are three main circadian typologies 

or chronotypes: morning-type (‘larks’), intermediate-type and evening-type (‘owls’) (Adan, 

et al., 2012). With regard to evening-type, morning-type people show a 2–4 h a dvance in 

circadian p hase i n v ariables l ike s ubjective al ertness, s leep t imes, co re b ody t emperature 

(CBT) or distal skin temperature (DST) (Horne & Östberg, 1976; Kerkhof & Van Dongen, 

1996; Baehr, R evelle, & E astman, 2000;  Adan, N atale, &  C aci, 2008; K erkhof, 1985). 
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Given t hat DST i s c losely associated t o t he C BT r hythm ( showing a n a dvanced r hythm 

phase a nd i nverse t emporal c urve w ith m aximum va lues within th e s leeping p eriod; 

Kräuchi, 2007) , D ST ha s be en pr oposed a s a  r eliable c ircadian i ndex unde r fr ee-living 

conditions (Kolodyazhniy, e t a l., 2011;  Sarabia, R ol, M endiola, &  M adrid, 2008) . 

Additionally, i nfraclavicular t emperature an d t he d ifference b etween d istal an d p roximal 

temperatures ( distal-proximal g radient, D PG) h ave b een r elated t o t he v igilance s tate. 

Increments i n i nfraclavicular t emperature co rrelate w ith s lower r eaction time  in  th e P VT 

(Romeijn & Van Someren, 2011), and DPG increments correlate with short latency of sleep 

onset (Kräuchi, 2007; Kräuchi, Cajochen, Werth, & Wirz-Justice, 2000). 

 

Figure 1. Sequence of events for both strategy conditions in the modified SART. The precision strategy 

condition, on the left, emphasised accurate response inhibition over fast responding. Digits turned red when 

the average correct response rate in no-go tr ials was below 0.71. The speed strategy condition, on the right, 

emphasised fast over correctly inhibited responses. Digits were presented in yellow when the average RT was 

above 440 ms and accuracy rate in no-go trials was not below 0.45. 
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Given t he d ifferences i n c ircadian r hythmicity be tween m orning and e vening 

chronotypes, i t i s na tural t o e xpect va riations i n t ask pe rformance as a  function of  bot h 

chronotype and time of day. The interaction between chronotype and time of day is referred 

to as  t he s ynchrony effect, a nd i nvolves be tter pe rformance f or opt imal ( morning f or 

morning-type a nd e vening for evening-type) a s c ompared t o non -optimal time s o f d ay 

(Horne, B rass, & Pettitt, 1980 ;  M ay & Hasher, 1998; Natale & C icogna,1996; Monk & 

Leng, 1986). The synchrony effect has been found in a w ide range of executive tasks, for 

example m easuring r esponse i nhibition ( May & H asher, 1998;  May, Hasher, &  F oong, 

2005; Hahn, e t a l., 2012) , f luid in telligence (Goldstein, H ahn, H asher, W iprzycka, & 

Zelazo, 2007)  and s et-shifting a bilities (Bennet, P etros, J ohnson, &  F erraro, 2008;  for a  

review see Schmidt, Collette, Cajochen, & Peigneux, 2007). However, these s tudies have 

focused on m easures of  ove rall pe rformance ( averaged a cross t he w hole s ession), r ather 

than on t he evolution of  performance across t ime. Thus, i t remained to be tested whether 

the vi gilance d ecrement during an e xecutive control t ask i s i nfluenced b y the s ynchrony 

effect. 

The aim of the current research was to study the impact of time on task on executive 

control (vigilance decrement), and to test for the first time whether this decrement changes 

as a  function of  t ime of  day and individual di fferences in chronotype. We used a  20-min 

long version of the SART task with two response strategy conditions: precision (controlled 

responding s et) vs . s peed ( auto-matic r esponding s et). A ccording t o r esearch s uggesting 

that controlled but not automatic processes are vulnerable to the synchrony effect (May & 

Hasher, 1998;  May, H asher, & Foong, 2005) , we ex pected t he s ynchrony effect t o occur 

selectively i n t he pr ecision s trategy condition. In contrast, pe rformance i n t he s peed 
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condition inducing an automatic response style should remain relatively stable. Following 

the c ognitive r esource theory, w e f urther e xpected t o obs erve the h ighest v igilance 

decrement i n t he m ost c ognitively d emanding c ondition of  t he m odified S ART ( i.e., 

precision s trategy), pe rformed a t the non-optimal time of day. Finally, we tested whether 

inhibition performance on SART could be predicted by other measures (RT performance in 

the P VT an d s cores i n MAAS a nd A RCES que stionnaires; Cheyne, C arriere, &  S milek, 

2006) of vigilance. 

Method 

Ethics Statement 

Before the experiment all participants signed a consent form approved by the Ethics 

Committee of the University of Granada. This study was conducted according to the ethical 

standards of  t he 1964  Declaration of  H elsinki. A fter t he experiment, participants w ere 

rewarded with course credits for their collaboration. 

Participants 

Forty-four undergraduates from the University of Granada were initially selected to 

participate a ccording t o t heir s core on t he r educed s cale of  M orningness-Eveningness 

Questionnaire ( rMEQ; A dan &  A lmirall, 1991). A  s trict s election c riterion w as u sed to  

include in the final sample only participants who confirmed their chronotype after a second 

administration of  the rMEQ at the moment of  testing. For this reason, ten undergraduates 

scoring as intermediate-type (from 12 to 16) in the second administration were not included 

in the final sample. Scores of selected extremes chronotypes showed a strong consistency 

between both assessments of  circadian typology, r  =.88, p<.001. Data from 5 pa rticipants 
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who slept less than 5 hour s the night prior to the experiment, 1 pa rticipant with extremely 

low accuracy data due to using a wrong response key during most of the experiment and 1 

participant w ho m issed t he s econd e xperimental s ession, w ere e xcluded f rom a nalysis. 

Finally, the sample was constituted by 27 participants, 13 a ssigned to morning-type group 

(mean age: 19 years, range: 18–27, SD: 2.4; 12 females; mean score in the rMEQ: 17.85, 

range: 17–20, SD: 1.14) and 14 t o evening-type group (mean age: 19 years, range: 18–23, 

SD: 1.4; 13 females; mean score in the rMEQ: 9.64, range: 8–11, SD: 0.84). 

Apparatus and Stimulus 

Questionnaires 

Circadian t ypology was m easured b y a va lidated a daptation of  t he M orningness-

Eveningness Q uestionnaire (Horne & O stberg, 1976), s tandardized t o t he S panish 

population: t he r educed s cale of  M orningness-Eveningness Q uestionnaire (Adan & 

Almirall, 1991) . S cores c an r ange f rom 4 t o 25 i n a  c ontinuum f rom l ow t o h igh 

morningness. S ubjective act ivation an d a ffect w ere assessed b y a 0 –100 vi sual- analog 

scale ( VAS) de veloped b y M onk (Monk, 1989) , w here 0 i ndicated t he l owest value 

(minimum a ctivation/positive m ood) a nd 100 t he m aximum va lue f or bot h s tate i ndices. 

The A ttentional-Related C ognitive E rrors S cale ( ARCES; Cheyne, C arriere, & S milek, 

2006) was used to measure susceptibility to cognitive errors in everyday l ife arising from 

lapses of attention. Scores can range between 12 (low predisposition to lapses) and 60 (high 

predisposition). T he S panish ve rsion of  t he M indful A ttention A wareness S cale ( MAAS; 

(Soler, et al., 2012; see also Brown & Ryan, 2003) was used to assess attentional failures, 

ranging f rom ve ry frequent ( 1) up t o oc casional a ttention l apses (6). T hese t wo 
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questionnaires c orrelate w ith S ART pe rformance, r espectively with t he pr oportion o f 

accurate i nhibitions a nd R T ( Cheyne, C arriere, & S milek, 2006) . T rait impulsivity w as 

measured b y t he a dolescent ve rsion o f t he Barratt Impulsivity S cale, a ppropriate f or 

undergraduate s tudents ( BIS 11 -A, Fossatti, B arratt, A cquarini, &  D i C eglie, 2002 ) an d 

translated to Spanish (Cosi, Vigil-Colet, Canals, & Lorenzo-Seva, 2008). Higher scores on 

the BIS 11-A mean higher impulsivity. We measured impulsivity as it h as been related to 

eveningness (Caci, et al., 2005). 

Skin temperature recordings 

Body temperature was measured using a temperature sensor ( iButton- DS1921H; Maxim, 

Dallas), which has a temperature range from +15uCto +46uC and 1uC of accuracy with a 

precision of 0.125 C°. Three sensors were respectively placed at the palmar side of the wrist 

of the non-dominant hand (with a  sport band), infraclavicular area on t he r ight chest and 

external m alleolus a rea of  t he r ight f oot ( with a dhesive t ape). T he s ensors w ere 

programmed to  s ample every min ute a long th e experimental s ession. N ote th at th e to tal 

sample an d group s izes d iffered ac ross t he recordings o f b ody t emperature f or t echnical 

reasons. N ineteen pa rticipants ha d w rist t emperature r ecordings ( 9 morning-type, 10  

evening-type), 25 pa rticipants ha d f oot t emperature r ecordings (11 m orning-type a nd 1 4 

evening-type) and 26  pa rticipants had infraclavicular t emperature recording (13 morning-

type, 13 evening-type). 
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Behavioural Tasks  

Experimental tasks were performed on a 15-inch screen PC laptop computer. Programming, 

administration of tasks and behavioural data collection were controlled by E-prime software 

(Scheneider, Eschman, & Zuccolotto, 2002). 

Psychomotor Vigilance Task (PVT) 

The Psychomotor Vigilance Task (PVT) i s a  1 0-minute s imple r eaction time  ta sk 

that p rovides a m easure of t he o verall l evel of p articipant’s v igilance (Dinges & P owell, 

1985). In the current version, a red circumference was presented in every trial at the centre 

of t he s creen ( 9.5 d egrees of  vi sual a ngle a t a viewing di stance of  60 cm) ove r a bl ack 

background. After a random interval, ranging from 2 to 10 seconds, the black circle started 

to f ill up  i n r ed and pa rticipants had to press a s quickly as possible t he space ba r on t he 

keyboard with t he i ndex f inger of  t heir dom inant ha nd. A fter t he pa rticipant’s r esponse, 

feedback about the RT in that trial was displayed in the screen for a second. Otherwise, a 

feedback m essage w as pr ovided on m issed or  a nticipated r esponses. T hen, t he ne xt t rial 

began. The task lasted 10 minutes, which on average led to 88 trials. 

Modified Sustained Attention to Response Task 

The Sustained Attention to Response Task (SART), as in the original go no-go task 

developed by Robertson and cols. (Robertson I. H., Manly, Andrade, Baddeley, & Yiend, 

1997), r equires pa rticipants t o r espond a s qui ckly as pos sible t o s ingle digits r andomly 

ranging be tween 1 and 9, unl ess t he di git 3 w as pr esented, t o which t hey had t o i nhibit 

response ( no-go t rial). S timuli a ppeared i n w hite c olour ove r a  bl ack ba ckground a t t he 

centre of  the computer screen in one  of  f ive possible font s izes (48, 72, 94, 100 a nd 120 
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point, T imes New Roman) that changed randomly on every t rial ( from 1.15º to 2.77º) . A 

blank screen was presented for 50 ms followed by a digit that remained on the screen until 

the participant’s response. If no r esponse was made within 1200 m s, the next t rial began. 

Each experimental block was composed of 200 g o trials (5 font sizes x 8 digits x 5 t rials) 

and 40 no-go trials (5 font sizes x 1 digit 6 x trials), leading to a no-go proportion of 0.17. 

We used a modified version of the SART, in which the main difference concerned 

the ma nipulation of  t he participant’s s tyle of  r esponding ( ‘‘strategy’’), by  providing t wo 

different i nstructions a cross bl ocks of  t rials ( see Figure 1 ). In t he accuracy s trategy 

condition, pa rticipants were i nstructed to pr ioritize accurate ove r f ast pe rformance, hence 

assuring c orrect response i nhibition i n no -go tr ials. In th e s peed s trategy c ondition 

participants were instructed to prioritize fast over accurate performance, hence assuring fast 

responses to go trials. In order to make sure that each strategy condition was followed, the 

digit colour changed to provide feedback on line when the criteria for speed and accuracy 

were not met. 

These c riteria were e stablished on t he ba sis of  t he r esults obs erved i n a pr evious 

pilot experiment. In the pilot experiment, participants were assigned to precision or speed 

strategy groups following a median split procedure based on t heir average accuracy in no-

go t rials ( M =  .71) . T he a nalyses s howed a  s ignificant i nteraction be tween t ime of  da y, 

chronotype and s trategy, F  (1, 32) = 4.77, p=  .03, only in the precision strategy (n =  18;  

mean RT: 406 m s, SD: 9.9; mean accuracy: 80%, SD: 0.02) but not in the speed strategy 

group (n = 18;  mean RT: 364 m s, SD: 9.9;  mean accuracy: 56%, SD: 0.02;  F<1). These 

findings s uggest t hat t he pr ecision s trategy group f ollowed a  c ontrolled task s et t o a void 

errors while the speed strategy group applied a more automatic response style. 
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Therefore, i n t he ac curacy s trategy d igits were presented i n r ed when t he average 

correct r esponse rate i n no -go t rials w as b elow 0 .71. In t hat case, participants w ere 

instructed t o t ake m ore t ime t o r espond m ore c arefully. In t he s peed s trategy, di gits 

appeared in yellow when both the average RT was above 440 ms and accuracy rate in no-

go trials was not below 0.45. That is, participants had to increase response speed when the 

digit t urned yellow. T herefore, di gits pr esented i n w hite i ndicated a dequate pe rformance 

according to the strategy condition of the current block. In addition, the participants were 

informed about mean RT and accuracy at the end of  each block, dur ing the allowed rest. 

The t ask w as c omposed of  one  p ractice bl ock and 8 e xperimental bl ocks. T here w ere 4  

blocks for each strategy condition, and they were presented in alternating runs starting with 

the precision strategy condition. Variations in performance across these four blocks served 

to study the vigilance decrement. 

Procedure 

Participants completed the rMEQ and the BIS 11-A before the laboratory sessions. 

Next, they carried out a 1-hour laboratory session twice, at 08:00 h and 20:30 h, under dim 

light c onditions ( <8 l ux). T he t wo s essions were s eparated b y one  w eek, i n w hich 

participants w ere i nstructed t o f ollow t heir ha bitual s chedule. T herefore, i n t he pr esent 

study we us ed a  t ime of  da y pr otocol, w hereby m orning- and e vening-type p articipants 

were t ested a t tw o d ifferent time s o f d ay ( optimal v s. n on-optimal). T his p aradigm is  

sensitive to fluctuations in high-order cognitive processes (Schmidt, Collette, Cajochen, & 

Peigneux, 2007;  Adan, e t al., 2012) and al lows t esting u nder eco logical, everyday-living 

conditions (Vanin, e t a l., 2012) . T he or der of  s essions w as c ounterbalanced a cross 

participants within each experimental group (7 out of 13 participants of morning-type group 
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and 7 out  of  14 pa rticipants of  e vening-type group c ompleted t he first s ession i n t he 

morning). When the participant arrived at the laboratory, temperature sensors were placed 

at three different locations of  the body. Then, participants completed the ARCES and the 

MAAS q uestionnaires ( in t he f irst a nd s econd s ession r espectively), a nd r eported about 

sleep dur ation, ps ychiatric a nd s leep di sorders, c onsumption of  s timulants, s ubjective 

activation and affect. Afterwards, the PVT was administered to obtain an objective index of 

vigilance that is sensitive to the synchrony effect. Finally, participants completed the main 

task, the SART, for 20 minutes approximately. 

Design and Statistical Analysis 

The r MEQ s cores an d chronological a ge were analyzed b y o ne-way analysis o f 

variance (ANOVA) to test for possible differences between morning-type and evening-type 

chronotype groups. S kin t emperature da ta from each s ensor l ocation w ere a nalyzed b y 

averaging v alues w ithin th e f irst 1 0 minutes ( i.e., d uring th e P VT). T he d istal ( wrist) to  

proximal ( infraclavicular) t emperature g radient ( DPG) w as al so co mputed f or ev ery 

participant at each time of day condition. 

Body t emperature, s leep dur ation, s leep ons et and of fset t imes and t ime a wake 

before t esting, s ubjective af fect, an d R T an d accu racy i n the be havioural t asks, w ere 

submitted t o s eparate A NOVAs. W e u sed a m ixed-design A NOVA of  2 ( Chronotype: 

Morning-type, Evening-type) x 2 (Time of Day: Morning, Evening), with chronotype as a 

between pa rticipants f actor a nd t ime of  da y m anipulated w ithin p articipant. T he P VT 

analysis excluded the first five trials, which were considered as practice, and trials with RTs 

below 100 ms and longer than 1000 ms (0.09% rejected). 



ESTUDIO 1 

67 

Similarly, t he R T a nalysis of  S ART e xcluded t rials w ith R T be low 100 or a bove 

1000 ms (0.007% excluded), practice trials (i.e., trials from the practice block and the first 

five t rials o f ev ery ex perimental b lock, w hich were considered as w arm-up t rials) a nd 

incorrect t rials ( i.e., r esponses i n t he no -go condition). T he a ccuracy analysis o f S ART 

computed t he p roportion of  correct responses i n t he no -go c ondition (i.e. r esponses 

correctly i nhibited). The SART analysis f urther included S trategy (Accuracy, Speed) and 

Block (from 1 to 4) as within participants’ factors. Mauchley’s test showed no violation of 

sphericity for the main effect of block and interactions with the block factor (all ps > 0.40). 

To s tudy t he r ole of  di fferent r esponse s trategies, s trategy w as m anipulated w ithin-

participants, s o t hat d ifferent b locks em phasized accu rate r esponse-inhibition or  s peeded 

response s tyle. M oreover, t he v igilance d ecrement i n p erformance was an alysed b y 

including bl ock a s w ithin-participants f actor. W hen t he e ffect of  bl ock w as s ignificant, 

polynomial t rend analyses ( linear, qua dratic and c ubic t rends) w ere p erformed t o 

characterize how executive control evolved along time on task.  

Furthermore, s imple l inear correlations w ere cal culated b etween s elf-report 

questionnaires (ARCES and MAAS), performance on the PVT and inhibitory performance 

on t he pr ecision s trategy condition f or e ach p articipant a t bot h m orning and e vening 

sessions. 
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Results 

Demographic Data    

The analysis conducted on t he r MEQ s cores confirmed s ignificant di fferences 

between our  chronotype groups, F  ( 1, 25)  =  4 55.31, p< .01, ηp2 = 0. 95, w ith hi gher 

morningness scores in the morning- vs. evening -type group (see table 1). In contrast, age 

did not differ between groups, F<1. Sleep duration (the night before experiment) was longer 

in t he e vening (M: 7.6 hour s, S D: 0.28)  t han i n t he morning s ession ( M: 6.1 hour s, S D: 

0.14), F  ( 1, 25)  =  29.53, p< .01, ηp2 = 0.54. I mportantly, how ever, no di fferences w ere 

observed be tween m orning-type and e vening-type g roups i n s leep dur ation, F<1, a nd t he 

interaction between t ime of  day and chronotype was not  s ignificant either, F<1, therefore 

confirming s imilar s leep dur ation be tween groups. In c ontrast, t he a nalysis of  w aking 

duration prior to sessions showed a marginally significant interaction between testing time 

and c hronotype, F  (1,25) =  4.16, p =.07, ηp2 = 0.12. I n particular, c hronotype g roups 

differed i n t ime a wake before t he e vening s ession, F  ( 1, 25 ) =  4.16, p = .05, w ith m ore 

awake hours in morning-type (M = 11.88, SD = 0.41) relative to evening-type group (M = 

10.71, SD = 0.40), but no differences were found for the morning session (F<1). The sleep 

onset time analysis only showed a main effect of time of day, F (1, 23) = 11.55, p<.01, ηp2 

= 0.33, with a latest onset in the evening (M = 1:36, SD: 0.30) than in the morning session 

(M =  00: 22, S D = 1.53 ). S imilarly, s leep o ffset t ime s howed a  s ignificant time  o f d ay 

effect, F (1, 23) = 40.70, p<.01, ηp2 = 0.64, with earlier waking up time in the morning (M 

= 6: 38, S D =  0.11)  t han i n t he e vening s ession ( M =  9: 02, S D =  0.2 7). N o s ignificant 

interactions or  chronotype effects were found for both s leep onset and offset analysis (all 

ps>0.09). 
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Furthermore, 2 out  of  13 morning-type and 3 out  of  14 e vening- type participants 

reported caffeine consumption at least 5 hour s before their non-optimal testing time. One 

morning-type and 2 evening-type participants were smokers. 

Analysis of scores in the BIS-11A (n = 19; 8 M-type, 4 of  them completed the first 

session in the morning; 11 evening-type, 5 evening-type assigned to the morning in the first 

session) revealed higher trait impulsivity in evening-type as compared to the morning-type 

group, F (1, 17) = 6.50, p= .02, ηp2 = 0.28 (Table 1). 

Thus, t he BIS-11A s core w as l ater us ed a s a c ovariate t o control f or group 

differences in trait-impulsivity. Analyses on ARCES (n = 25) and MAAS (n = 27) showed 

no effect of group (all ps>.10). 

Skin Temperature Recordings 

The i nfraclavicular t emperature an alysis s howed a s ignificant i nteraction b etween 

chronotype a nd t ime of  da y, F  (1, 24)  = 4.96, p=.03, ηp2 = 0.17. P lanned c omparisons 

revealed t hat t he evening-type group h ad h igher t emperature v alues i n t he ev ening ( M: 

33.81ºC, SD: 0.31ºC) than in the morning (M: 32.69ºC, SD: 0.31ºC) session, F  (1, 24)  =  

8.89, p<.01, while the morning-type group showed no differences (F<1). Wrist temperature 

only showed a main effect of time of day, F (1, 17) = 4.36, p= .05, ηp2 = 0.20, with higher 

temperature in the evening (M: 33.23ºC, SD: 0.23ºC) than in the morning (M: 32.68ºC, SD: 

0.35ºC) session. No significant main effects or interactions were observed in the analysis of 

right foot temperature (all ps>.18). 
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Table 1. Mean and standard deviation (between brackets) for demographic data according to chronotype 
group 

Group Characteristics Chronotype Groups p values 

 Morning-type Evening-type  

Sample size 13 14  

rMEQ 17.85 (0.28) 9.64 (0.27) 0.01 

Age 19.23 (0.55) 18.71 (0.53) 0.5 

Sleep duration before morning session (in hours) 6.21 (0.21) 5.96 (0.20) 0.4 

Sleep duration before evening session (in hours) 7.54 (0.41) 7.68 (0.39) 0.8 

Hours awake in morning session 1.41 (0.16) 1.43 (0.16) 0.9 

Hours awake in evening session 11.88 (0.41) 10.71 (0.40) 0.05 

Sleep onset before morning session (hh:mm) 00:25 (0.27) 00:22 (0.23) 0.9 

Sleep onset before evening session (hh:mm) 1:05 (0.45) 2:08 (0.46) 0.13 

Sleep offset before morning session (hh:mm) 6:36 (0.19) 6:43 (0.19) 0.7 

Sleep offset before evening session (hh:mm) 8:37 (1.22) 9:30 (0.42) 0.16 

Smokers 1 2  

Consumption of coffee/tea 3 3  

ARCES 29.18 (2.13) 34.14 (1.89) 0.1 

MAAS 4 (0.21) 4 (0.21) 0.9 
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The D PG a nalysis s howed a  s ignificant i nteraction be tween t ime of  da y a nd 

chronotype, F ( 1, 16 ) = 4.88, p =  .04, i ndicating a s ynchrony effect. M orning 

chronotypes showed the most negative DPG value in the morning (M: 21.47, S D: 0.9) 

although t he di fference was not  s ignificant w ith r espect t o t he ot her c onditions ( all 

ps>.10). 

Subjective Activation and Mood States 

The s ubjective activation an alysis s howed a s ignificant i nteraction b etween 

chronotype and time of day, F (1, 25) = 7.20, p=  .01, ηp2 = 0.22. P lanned comparisons 

showed t hat e vening-type pa rticipants r eported higher a ctivation i n t he e vening ( M: 

49.28, S D: 4.89)  c ompared t o t he m orning s ession ( M: 35.21, S D: 5.66) , F  ( 1, 25)  =  

5.67, p= .02, w hile the time of day effect followed an opposite trend for the morning-

type group, although it did not approach significance (M: 56.56, SD: 5.87 vs. M: 47.77, 

SD: 5.07 f or morning vs . evening sessions, r espectively; F  (1, 25 ) =  2.05 , p= .16) . In 

addition, s ignificant di fferences i n s elf-reported activation b etween ch ronotypes w ere 

found for the morning session, F (1, 25) = 6.85, p= .01, but  not for the evening session 

(F<1). 

Regarding s ubjective a ffect, bot h c hronotypes r eported m ore pos itive a ffect a t 

their opt imal t ime of  da y (chronotype x  t ime of  da y: F  (1, 25)  =  4.36, p= .05, ηp2 = 

0.15). In particular, the evening-type group showed less positive affect in the morning 

(M: 66.70, SD: 4.99) than in the evening session (M: 74.71, SD: 4.45), F (1, 25) = 5.24, 

p= .03, but  the morning-type group did not  show significant di fferences between both 

testing times (F<1; M: 73.52, SD: 5.18 vs. M: 71.00, SD: 4.62 for morning vs. evening 

sessions, respectively). 
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Psychomotor Vigilance Task (PVT) 

As F igure 2  s hows, t he R T analysis s howed a  clear s ynchrony effect 

(chronotype6time of  da y: F  ( 1, 25)  =  11.71, p< .01, ηp2 = 0.32) . In t he m orning-type 

group, R Ts w ere f aster i n m orning vs . e vening s essions, F  ( 1, 25)  = 4.6 3, p=  .04. In 

contrast, the evening-type group showed slower RTs in the morning vs. evening session, 

F (1, 25) = 7.29, p= .01. Moreover, in the evening session, RTs were faster for evening-

type than for morning-type groups, F (1, 25) = 5.17, p=.03. However, no difference was 

observed in the morning session, F<1. 

 
Figure 2. Mean reaction times on the PVT for both chronotypes depending on time of day. Each 
chronotype responded fastest at their optimal time of day and slowest at their non-optimal testing time. 
Vertical bars denote +/- standard error of the mean.  

 
Sustained Attention to Response Task (SART) 

Reaction Times. The ANOVA on the mean RT showed a s ignificant effect of Strategy, 

F (1, 25) = 84.33, p<.01, ηp2 = 0.77, with slower RT in the precision condition (M: 385 
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ms, SD: 6.86 m s) than in t he speed condition (M: 336 m s, SD: 5.56) . The remaining 

main effects and interactions did not reach statistical significance (all ps>.12). 

Accuracy. The main effect of strategy was significant, F (1, 25) = 92.50, p<.01, ηp2 = 

0.78, w ith hi gher a ccuracy i n t he pr ecision s trategy (76%) t han i n t he s peed s trategy 

condition ( 57%). The main e ffect o f bl ock, F  ( 3, 7 5) =  15.04, p< .01, ηp2 = 0.37 , 

revealed i mpaired r esponse i nhibition w ith increasing t ime on t ask. F urther a nalyses 

replicated t he t ypical vi gilance de crement, w hich f ollowed a  l inear t rend, F  ( 1, 25)  =  

34.71, p< .01 (the qu adratic t rend w as not  s ignificant, p> .2). M ost r elevant f or t he 

current r esearch, t he A NOVA s howed a  s ignificant i nteraction be tween c hronotype, 

time of day and block, F (3, 75) = 2.94, p= .038, ηp2 = 0.10. This interaction was better 

qualified by co nsidering t he s trategy f actor, as  s uggested b y a m arginally significant 

interaction be tween s trategy, c hronotype, t ime of  da y a nd bl ock, F  ( 3,75) =  2.60, p = 

.058, ηp2 = 0.09. D ifferences be tween bot h s trategy conditions w ere t ested b y 

hypothesis-driven planned comparisons (Keppel, 1991). As we predicted, the interaction 

between c hronotype, t ime of  d ay a nd bl ock ( linear t rend) w as s ignificant onl y for 

precision strategy, F (1, 25) = 5.18, p= .03, but not for speed strategy, F<1. 

Further an alyses o f t he precision s trategy co ndition r evealed t hat t he l inear 

decrement in vigilance was only significant when the groups performed the task at their 

non-optimal time of day according to chronotype (see Figure 3). That is, in the morning- 

type group, t here w as an interaction be tween time of  da y a nd bl ock ( linear t rend 

contrast), F (1, 25) = 4.20, p= .05, such that correct response inhibition linearly declined 

with t ime on t ask i n t he e vening s ession, F  (1, 25)  =  11.09, p< .01, b ut not  i n t he 

morning s ession (p>.24). In t he evening-type group, a lthough the i nteraction be tween 

time of  day and the l inear t rend of  block was not s ignificant, F (1, 25) =  1.33, p= .25, 

further analyses clearly showed a linear decrement on accuracy in the morning session, 
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F ( 1, 25)  =  19.90, p <.01, w hile t he bl ock e ffect i n t he e vening s ession w as be tter 

characterized by a q uadratic trend, F (1, 25) = 4 .86, p= .04, where accuracy decreased 

until t he t hird block and then remained s table), r ather t han a  l inear t rend, F  (1, 25)  =  

3.94, p= .058. 

Analysis o f covariance in accu racy. S ince evening-type s howed s ignificantly hi gher 

impulsivity than morning-type group (see Demographic Data results), we used BIS-11A 

scores as a covariate to control for a possible confound of trait-impulsivity in our main 

manipulation. This covariance analysis confirmed that the interaction between strategy, 

chronotype, time of day and block remained significant, F (3, 48) = 2.88, p= .04, after 

controlling for trait-impulsivity, which suggests that our main effects can be attributed 

to the chronotype manipulation rather than just by differences in impulsivity. 

Correlation Analyses 

Analysis of simple linear correlations between scores of the MAAS and ARCES scales, 

RT performance in the PVT and accuracy performance on SART for precision strategy 

were conducted (the BIS score was not included due to missing data for 8 participants). 

The m ain f inding w as that i nhibitory pe rformance on S ART w as correlated w ith 

performance o n t he P VT ( r= -.33, p = .01) . T hus, opt imal vi gilance s tates were 

associated w ith m ore s uccessful response i nhibition ( see Figure 4) . A ccuracy i n t he 

SART positively correlated with the MAAS scale (r= .47, p<.01), such that participants 

reporting m ore i nfrequent a ttentional l apses s howed be tter response i nhibition. The 

ARCES scores did not correlate with performance on SART (all ps>.09). 
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General Discussion 

The main aim of the present study was to investigate the impact of both time of 

day and circadian t ypology ( i.e., t he s ynchrony e ffect) on t he vi gilance decrement i n 

inhibitory c ontrol dur ing a  m odified ve rsion of  t he S ART (Robertson I. , M anly, 

Andrade, B addeley, &  Y iend, 1997). P articipants c ompleted th e ta sk a t mo rning a nd 

evening s essions i n a counterbalanced o rder w ithin m orning-type a nd evening-type 

groups. A ccording t o pr evious r esearch (Manly, Lewis, R obertson, W atson, &  D atta, 

2002; M ay & H asher, 1998), w e pr edicted t hat controlled pr ocessing w ould be  m ore 

vulnerable than automatic processing to the influences of  t ime of day and chronotype. 

The s ynchrony effect would t herefore be  m ost e vident i n t he pr ecision s trategy 

condition de manding a  controlled t ask s et. S ince t he a bility t o m aintain s uccessful 

response inhibition over time also demands resources of cognitive control (Shaw, et al., 

2013), we expected to find the largest v igilance decrement at  the non-optimal time of 

day for each chronotype. 

Two f indings s upported our  m ain pr ediction. F irst, t he s ynchrony effect w as 

selectively found in no-go accuracy performance (assumed to index executive control) 

rather than on go RTs, indexing more automatic processing (Manly, Lewis, Robertson, 

Watson, & Datta, 2002; Robertson I. H., Manly, Andrade, Baddeley, & Yiend, 1997). 

Second, t he s ynchrony effect w as pr esent i n t he pr ecision s trategy condition, w hich 

demanded a controlled response set, but  i t was absent in the speed s trategy condition, 

which induced an automatic response set. In the precision strategy condition, inhibitory 

control of  t he m orning-type group d ecreased gradually ov er t ime on  t ask onl y i n t he 

evening, but  not  in the morning. In contrast, evening-type participants showed a m ore 

marked pe rformance de crement i n t he m orning t han i n t he e vening s ession, i n w hich 

accuracy decreased but remained stable over the final testing period. 
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Further an alyses of  t he s ynchrony effect i n our obj ective a nd s ubjective 

measures revealed t hat r esponse i nhibition w as m ost e ffective w hen pa rticipants 

performed the SART in their optimal vigilance state. Optimal vigilance was specifically 

indexed b y f aster R Ts i n t he P VT (Lim & D inges, 2008) , hi gher l evels of  s ubjective 

activation (Monk, 1989) , and lower DPG (Kräuchi, Cajochen, Werth, & Wirz-Justice, 

2000) and infraclavicular t emperature (Romeijn &  V an S omeren, 20 11) when t he 

session matched the optimal testing time of each chronotype. 

The link between vigilance state and executive control was further supported by 

a significant negative correlation between RT performance in the PVT and accuracy in 

the SART, whereby the optimal vigilance state as indexed by fast RTs was related with 

enhanced i nhibitory c ontrol. T herefore t he P VT c ould be  a  us eful t ool t o pr edict 

performance on  t asks de manding executive c ontrol. F urthermore, hi gh M AAS s cores 

(i.e. subjective experience of fewer lapses of attention; Brown & Ryan, 2003) were also 

found to predict inhibitory performance, which to our knowledge had not been reported 

previously (Cheyne, Carriere, & Smilek, 2006). 

These findings therefore reveal a  c lose in terplay between the ability to  remain 

vigilant and the executive control process involved in response inhibition (Robertson & 

Garavan, 2004) . A ccording t o c onceptions of  vi gilance a s an a ctive, r esource-

demanding pr ocess (Parasuraman & D avies, 19 77), ( Shaw, et a l., 2013;  Robertson &  

O´Connell, 2010; Warm, P arasuraman, &  Matthews, 2008)  we conclude t hat 

performing a t non -optimal t imes o f d ay j eopardizes t he en gagement o f n ecessary 

resources t o m aintain appropriate i nhibitory control t hroughout t he t ask. In c ontrast, 

testing at the preferred time of day may mitigate the decline in performance across time 

on task. Neuropsychological and imaging studies have related SART performance to a 

right l ateralized br ain ne twork i nvolved i n vi gilance a nd e xecutive control, w ith 
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emphasis on t he r ight pr efrontal cortex (Robertson &  G aravan, V igilant A ttention, 

2004; M olenberghs, e t a l., 2009) , (Manly, e t a l., 2003) . A  r ecent f MRI s tudy 

additionally s howed a s ynchrony e ffect on anterior br ain a reas i nvolved i n e xecutive 

control as demanded by a Stroop interference task (Schmidt, et al., 2012). Our findings 

and t he a bove s tudies h ence s upport t he not ion t hat vi gilance pl ays a c entral r ole i n 

executive functioning related to inhibitory control. 
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Figure 3. Accurate responses as a function of chronotype, testing time and block for the 
precision strategy condition. Each chronotype showed marked performance decrements at 
the non-optimal testing time. Vertical bars denote +/- standard error of the mean. 

 

The c urrent r esearch further hi ghlights t he r ole of  i ndividual di fferences i n 

chronotype regarding t he a bility to m aintain e xecutive c ontrol und er f ree-living 

conditions. T hus, de tailed a nalyses of  t he s ynchrony effect i n our  m ain m easures 

revealed that t ime of day effects were l ess ev ident in morning-type than evening-type 

participants. In fact, onl y t he m orning-type g roup w as ab le t o p revent co mpletely t he 

vigilance d ecrement at the o ptimal time  o f d ay. T his result is  c onsistent w ith o ur 

previous study on simulated driving, reporting that only the morning-type group showed 

stable performance over time on t ask, which was not affected by time of day (Molina, 

Sanabria, & C orrea, 20 13). S ome a uthors ha ve i nterpreted t his r esult i n t erms o f 

personality factors (Oginska, et al., 2010), associating evening- type participants to low 

conscientiousness, hi gh impulsivity, hi gher s ensation s eeking and r educed vi gilance 

(reviews by Di Milia, et al., 2011; Finomore, Matthews, Shaw, & Warm, 2009). Indeed, 

differences in impulsivity might have mediated our effects of chronotype (Caci, et  al., 

2005). However, the analysis including trait impulsivity as covariate suggested that our 
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findings cannot be explained just in terms of impulsivity, but they can be attributed to 

individual differences in chronotype. 

 
Figure 4. Correlation between RT in the PVT and accuracy on SART for the precision strategy 

condition. 

An a lternative e xplanation c onsiders t he di fference i n s leep hom eostatic 

dynamics b etween ch ronotypes. R esearch r elating eveningness w ith i rregular 

sleep/wake habits and increased need for s leep than morningness, which shows higher 

sleep efficiency (Lehnkering & Siegmund, 2007; Taillard, Philip, & Bioulac, 1999), can 

help t o e xplain t he r obustness of  be haviour i n m orning chronotypes. Although our  

participants di d not  r eport t o ha ve s leep p roblems, f urther i nformation a bout s leep 

quality (e.g., P ittsburgh S leep Quality Index – PSQI) i n our  groups should have been 

recorded to test this hypothesis. 

Likewise, t he current research p resents ot her l imitations t hat s hould be  

addressed in future r esearch. First, this s tudy was designed f rom a  time  o f day rather 

than a ci rcadian physiology perspective. Recording of sleep/wake habits by sleep diary 

and circadian markers (e.g., actimetry) during the week before the experiment would be 
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necessary t o w arrant i nterpretation o f our  t ime of  da y effects i n t erms of  pu re 

differences in circadian phase. Although body temperature recorded at the beginning of 

each session showed a synchrony effect (suggesting that chronotypes were at different 

circadian phases in the two sessions), we acknowledge that only two time points cannot 

provide cl ear i nformation o n w hether ci rcadian r hythms o f o ur s ample w ere r eally 

entrained to our specific testing times. 

Moreover, our study focused on c ognitive testing under free- living rather than 

strict l aboratory conditions, w hich i nvolved no  r estriction of  s timulants or  c areful 

control of  ot her m asking i nfluences s uch a s f eeding s chedule. In f act, pa rticipants 

followed t heir na tural h abits dur ing t he course of t he s tudy. S ince t he proportions of  

smokers a nd c offee dr inkers i n our  s ample w ere r elatively s mall a nd m atched f or 

morning-type and evening-type groups, it is  likely that any masking influence of these 

factors on pe rformance were balanced and did not preclude the current finding of clear 

interactions be tween t ime of  da y and chronotype. In f uture s tudies i t w ill a lso be  

interesting to adapt testing times to individual sleep/awake patterns (Schmidt, Peigneux, 

Cajochen, & C ollete, 20 12). In t he c urrent s tudy, s everal pa rticipants i n bot h gr oups 

slept about six hours, which could be considered as sleep restriction, and evening-type 

chronotypes w ere t ested e arlier t han t heir us ual pr eferences i n t he m orning s ession. 

However, bot h e xtreme c hronotypes r ecruited in t he s tudy r eported s imilar s leep 

duration, and similar sleep timing before the morning session, so that chronotype effects 

on t he p erformance dur ing t he m orning s ession cannot be  j ust due  t o r estricted s leep 

duration s elective of  t he e vening-type gr oup. A s a lready m entioned, ne vertheless, w e 

cannot r ule out  e xplanations ba sed on  greater s leep ne ed and de bt or i ncreased 

dissipation time  o f s leep inertia during working days reported i n evening-type people 

(Taillard, Philip, & Bioulac, 1999; Roenneberg, Wirz-Justice, & Merrow, 2003). 
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Addressing t he a bovementioned l imitations w ill s urely i mprove our  c urrent 

understanding of the neurophysiological mechanisms underlying our main behavioural 

result. Our findings observed under free-living conditions are consistent with previous 

research using more controlled protocols (constant routine or forced- desynchrony) and 

reporting ci rcadian r hythmicity o f ex ecutive functions  (Bratzke, R olke, U lrich, & 

Peters, 2007;  Bratzke, R olke, S teinborn, &  Ulrich, 2009;  but s ee Bratzke, S teinborn, 

Rolke, & Ulrich, 2012). However, the previous research did not  address the vigilance 

decrement in cognitive performance. 

Research on de crements i n vi gilance dur ing e veryday t asks de manding 

executive control is crucial for ergonomics, since it can lead to serious consequences for 

safety i n t ransport a nd work. T he c urrent s tudy pr ovides, f or t he f irst t ime, e mpirical 

evidence i ndicating t hat the vi gilance de crement of e xecutive f unctioning de pends on 

the i nteraction be tween circadian t ypology and time of  da y f actors. T he a mount of  

necessary cognitive resources to maintain adequate executive function over time on task 

could b e regulated b y a complex i nterplay between ci rcadian and h omeostatic 

influences und erlying t ime of  da y and chronotype e ffects. The current s tudy provides 

implications c oncerning t he i mportance of  c onsidering c hronotype a nd t ime of  d ay 

when scheduling tasks demanding sustained executive control, not only in clinical and 

research contexts of cognitive testing, but also in everyday and work-related situations 

where optimal cognitive functioning can be critical. 
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Introduction 

 The a im of  t he pr esent s tudy w as t o i nvestigate t he e lectrophysiological 

correlates of  i nhibitory pe rformance ove r t ime dur ing t he S ustained A ttention t o 

Response Task (SART; Robertson, Manly, Andrade, Baddeley, & Yiend, 1997)  using 

event-related pot entials ( ERPs). F indings f rom Study 1 s howed t hat t he a bility t o 

maintain s uccessful i nhibition of  dom inant r esponses w orsened ov er t ime on t ask. 

Therefore, we aimed to replicate this time on task effect in inhibitory performance using 

a l ong v ersion of  t he G o/No-go SART and to e xplore ERPs underlying this impaired 

response inhibition over time.  

 Electroencephalography (EEG) i s a n on-invasive ne uroimaging t echnique t hat 

can b e u sed t o o bjectively as sess v igilance and s leepiness l evels w ith high te mporal 

resolution (Oken, Salinsky, & Elsas, 2006). The ERPs are time-locked brain electrical 

responses that reflect the time course of information processing stages and can be used 

as indices of sensory and cognitive processing (Key, Dove, & Maguire, 2005).   

 Late E RPs c omponents, s uch as t he P 3, s how de creases i n amplitude t hat 

parallel declines in detection efficiency over time during vigilance tasks (Parasuraman, 

Warm, &  S ee, 1998 ). The P 3 i s a  pos itive w ave w ith pa rieto-central ma ximum 

amplitude within a latency range of 300-450 ms. Its amplitude is hypothesised to be an 

index of the amount of resources allocated to process relevant task information (Polich, 

2007). U sing a  vi gilance t ask w ith l ight f lashes a s s ignals, K oelega a nd c olleagues 

(1992) found that the P3 amplitude showed an inverse relation over time with response 

speed, s uggesting a de cline i n r esources allocation i n r esponse t o t ask de mands 

(Koelega, et al., 1992). 
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 On the other hand, the N2 is a negativity that appears maximal at fronto-central 

sites with peak latency at around 200 m s and is typically evoked during tasks that tax 

inhibition of responses, such as the Go/No-go or the stop signal tasks. Usually, the N2 is 

followed b y t he P 3 w hen r esponses m ust be  i nhibited ( No-go condition), a  s equence 

known as the N2/P3 complex. Overall, both N2 and P3 showed the largest amplitudes 

over anterior brain regions in the No-go condition (Bokura, Yamaguchi, & Kobayashi, 

2001). When withholding a r esponse i s r equired, the No-go P3 usually shows a  more 

fronto-central topography relative to the posterior Go P3, an ERP effect known as the 

No-go P3 anteriorization (Fallgatter & Strik, 1999).  

 These two No-go related potentials, the No-go N2 and the No-go P3, have been 

interpreted as  i ndices of e fficiency of  i nhibition. F or e xample, F alkenstein a nd 

colleagues ( 1999) f ound e nhanced N o-go N 2 a mplitudes i n g ood r elative t o poor  

inhibitory performance (Falkenstein, Hoormann, & Hohnsbein, 1999).  

Regarding t he t ime o n t ask ef fect, K ato an d co lleagues ( 2009) r eported E RP 

modulations using a spatial Go/No-go procedure. In particular, they found slower speed 

of r esponses a nd r educed N o-go P 3 a mplitude a s a  f unction of  t ime on t ask. 

Accordingly, t he a uthors s uggested t hat s ustaining a n opt imal a llocation of  r esources 

became increasingly difficult over time (Kato, Endo, & Kizuka, 2009). 

 Only a  f ew s tudies have focused on t he ERP correlates of  SART performance 

using the original random version (unpredictable randomized sequence of digits), which 

is the focus of the current thesis. Zordan and colleagues (2008) found that the No-go N2 

was maximal at  central sites. They also observed the No-go anteriorization effect ( i.e. 

larger frontal P3 amplitude for No-go condition; Zordan, Sarlo, & Stablum, 2008). The 

same pattern of results was found by O’Connell and colleagues (2009). Moreover, the 
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N2/P3 c omplex w as a ttenuated w hen i ndividuals c ommitted a n e rror vs. a  c orrect 

inhibition in No-go trials (O'Connell, e t al., 2009). Nevertheless, these s tudies did not 

addressed whether these potentials change as a function of time on task.  

 Therefore, in the current study we analysed, for the first time, the ERP changes 

associated with successful inhibitory performance as a function of time on task, during a 

long-version (83 minutes) of the SART. First, we expected to replicate our Study 1, by 

finding lower accuracy for r esponse i nhibition over t ime. This t ime on task would be  

evident as attenuated amplitudes for both the No-go N2 and No-go P3 as time on t ask 

progresses. In addition, we tested whether early perceptual processing (indexed by the 

P1 and the N1, first positivity and negativity respectively, peaking around 100 ms over 

posterior regions) also varied with time on t ask. The idea was to test whether the time 

on t ask effect i s s pecific t o l ate p rocesses related t o r esponse s election and co gnitive 

control (N2, P3), or it also influences stimulus processing at early stages (P1, N1).  

In contrast t o i nhibition-related N 2 and P 3 w aves, f ar l ess emphasis h as b een 

placed o n early pot entials i n G o/No-go pa radigms. H owever, s ome s tudies f ound 

inhibition-related m odulations on i nitial pr ocessing s tages. For example, t he N 1 ha s 

shown larger amplitudes (i.e. more negative) in the No-go compared to the Go condition 

over posterior locations whilst the P1 did not differ (Kirmizi-Astan et al., 2006). The N1 

amplitude ha s a lso s hown t o be  s ensitive t o variations i n t he t ask d ifficulty l evel 

(manipulated t hrough a de adline for r esponding), w ith l arger N 1 a mplitudes ove r 

posterior l ocations f or No-go trials i n t he hi ghest di fficulty condition ( Benikos e t a l., 

2013). R egarding t he SART, e arly E RP w aves ha d not  be en i nvestigated w hen 

inhibition is required during the random SART as a function of time on task.  
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 A secondary aim of our study was to explore autonomic markers for predicting 

variations i n t he at tentional l evel as sociated w ith S ART p erformance. Therefore, we 

also r ecorded w rist s kin t emperature w hile p articipants pe rformed t he t ask. P revious 

studies on c ircadian rhythms of  performance noted that high core body temperature is 

associated with better vigilance performance and subjective alertness (e.g. Wright, Hull, 

& C zeisler, 2002 ). W e w ere i nterested i n s tudying r eliable an d eco logically v alid 

predictors of vigilance levels over shorter periods of time. In this regard, non-invasive 

monitoring of  di stal skin t emperature us ing wireless s ensors has been p roposed as an 

accurate method for assessing the body temperature under normal living conditions (van 

Marken Lichtenbelt e t al., 2006;  Sarabia et a l., 2008;  K olodyazhniy et a l., 2011) . 

Recently, distal (wrist) temperature has been positively related to attentional lapse rate 

on a  m odified P VT w here pa rticipants pe rformed s peeded pe rceptual di scriminations 

(Romeijn & Van Someren, 2011) . However, to our knowledge, no s tudy has reported 

the t ime co urse o f d istal t emperature along a v igilance t ask, o r t ested w hether h igher 

wrist te mperature is  r elated to  w orse p erformance in  a v igilance t ask in volving 

executive co ntrol. W e p redicted i ncreased wrist t emperature ove r t ime on t ask a nd 

worse inhibitory performance on the SART with higher distal temperatures.  

Method 

Ethics Statement 

 All participants signed a written consent form approved by the Ethics Committee 

of the University of Granada (Ref.:17/CEIH/2015). This study was conducted according 

to t he e thical s tandards of  t he 1964 D eclaration of  H elsinki. A fter t he e xperiment, 

participants were rewarded with course credits for their collaboration. 
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Participants  

 Nineteen unde rgraduate students from t he U niversity o f G ranada t ook pa rt i n 

this s tudy. T he i nclusion c riterion w as ha ving a n i ntermediate c hronotype: s cores 

between 12-16 on t he r educed s cale of  M orningness-Eveningness Q uestionnaire 

(rMEQ; Adan & Almirall, 1991). Furthermore, participants should sleep no less than 5 

hours the night prior the experiment. Data from four participants with excessive noise in 

the E EG r ecordings and 1 pa rticipant w ho f ailed t o f ollow t ask i nstructions w ere 

excluded f rom analyses. F inally, the sample was constituted b y 14 p articipants (mean 

age: 20 years, range: 18-32, SD: 3.81;  7  females). All participants reported normal or  

corrected-to-normal vision.  

 

Apparatus and stimulus 

Questionnaires  

 The questionnaires used in this study were the same as in our previous one (see 

Chapter 4).  

Tasks 

Programming, administration and behavioural data collection were controlled by 

E-prime software (Schneider, Eschman, & Zuccolotto, 2002) and run on an Intel Core 2 

Duo personal computer with a 17” LCD monitor. For the main task, the SART, the EEG 

data w ere recorded us ing E GI’s Net S tation s oftware on  a  M acintosh c omputer w ith 

Power PC G5. 

  As in Study I, we used the PVT and the SART. Two main modifications were 

made w ith respect t o t he or iginal S ART. First, i nstructions e mphasized accurate 

response i nhibition ove r f ast responses ( see S tudy I for further de tails). S econd, we 
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lengthened t he dur ation of  t he t ask ( 83 m inutes) t o t est t he time o n ta sk effect o n 

performance and t o obt ain s ufficient obs ervations pe r c ondition i n t he E EG a nalyses. 

The t ask w as composed of  one  pr actice bl ock a nd 6 e xperimental blocks. E ach 

experimental block lasted 13 minutes. Participants were informed about their mean RT 

and accuracy during obligatory one-minute rest intervals between blocks.  

Skin temperature recording 

 Wrist temperature was measured in the same way as in Study I. A second sensor 

recorded room temperature during the session. For technical reasons, one participant did 

not have temperature recordings and the sample for wrist temperature was composed of 

13 participants.   

EEG recording and preprocessing  

  EEG da ta w ere c ollected us ing a  128 -channel Geodesic S ensor Net and t he 

signal w as a mplified w ith a  h igh-input i mpedance ( 200 MΩ) N et A mps ( Electrical 

Geodesics Inc., -EGI- Eugene, Oregon; Tucker, Liotti, Potts, Russell, & Posner, 1994). 

Amplified a nalog vol tages (filtered onl ine a t 0.1 -100 H z ba ndpass) w ere digitized at 

250 Hz. Sensors were adjusted until impedances were less than 50 kΩ. The recording 

reference was the vertex channel.    

  Prior t o ERPs an alysis, w e us ed i ndependent c omponent a nalysis ( ICA) t o 

identify and remove blink artifacts from filtered (1-40 Hz) EEG recordings. The mean 

number of components removed was 1.78 (range 1-5). Then, EEG data were segmented 

separately for each individual into stimulus-locked epochs using a time window ranging 

from -50 m s t o 700 m s after t he t arget ons et i n the N o-go c ondition. Only E RPs fo r 

correct No-go trials ( i.e. responses successfully inhibited) were analyzed.  The epochs 

were grouped i nto 3 c ategories or  bl ock c onditions ( blocks 1 +  2, bl ocks 3 +  4 a nd 
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blocks 5 + 6, respectively) in order to obtain a larger number of segments per block and 

optimize s ignal t o noi se r atio. T he m inimum num ber of  e pochs pe r condition f or 

including a  s ubject i n t he a nalysis w as 30 a rtifact-free t rials. E pochs w ere m arked as 

bad i f t hey contained o cular ar tefacts ( electro-oculagram ch annel d ifferences g reater 

than 55 µV) or with more than 10 ba d channels (voltage drifts of more than 70 µ V in 

any channel). S ingle channels marked as b ad w ere r eplaced u sing a s pherical 

interpolation algorithm (Perrin, Pernier, Bertrand, & Echallier, 1989). Since the number 

of free-artifacts epochs was unequal across blocks, we randomly matched them to the 

minimum num ber of  g ood e pochs obt ained i n one  of  t he 3 bl ocks a fter a rtifact 

detection, in order to obtained comparable ERPs across conditions. These epochs were 

then averaged for each pa rticipant and category (block) and referenced off-line to  the 

average o f all o f t he ch annels. T he ep ochs w ere b aseline co rrected f or each  s ubject 

using t he 50 m s pr e-stimulus pe riod. Finally, w e cal culated g rand average E RP 

waveforms for each condition by averaging across participants. 

  ERP analyses were focused on t he P1, N1, N2 and P3 potentials. According to 

previous l iterature and t he vi sual i nspection of  t he gr and a verage w aveforms a nd t he 

voltage distribution over the scalp (topographic maps), we selected electrodes and time 

periods for analyses of amplitudes. Amplitude was calculated as the mean voltage in the 

time window symmetrically selected around the peak of interest.  

  The P1 and N1 potentials were measured using a cluster of 11 electrodes (59, 65, 

66, 71, 72, 76, 77, 84, 8 5, 91, a nd 92) over posterior sites. The temporal windows for 

determining t he a mplitude of  bot h P 1 a nd N1 w ere 89 -141 m s a nd 217-273 m s, 

respectively. The N2 was analyzed over f ronto-central el ectrodes (11, 12 , 13, 5, 6, 7, 

107, and 113) between 301 and 353 ms. The P3 had a broad scalp distribution and was 
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measured over fronto-centro-parietal regions (6, 7, 13, 31, 32, 37, 38, 43, 53, 54, 55, 61, 

62, 68, 79, 80, 81, 87, 88, 94, 105, 106, 107, and 113) between 421 and 521 ms.  

Procedure 

  Each participant completed a session of 2 hours and 45 minutes in an electrically 

isolated r oom. T he s ession be gan a t 11: 00h. This t esting t ime w as s elected t o a void 

circadian variations related to both individual differences in chronotype and time of day 

on pe rformance a nd ph ysiological m easures ( Polich a nd K ok, 1995) . T he r MEQ w as 

again a dministered a t the mo ment o f te sting to  c onfirm th at p articipants h ad 

intermediate chronotype. First, temperature sensors were placed at the wrist to record a 

baseline of  a t l east 30 minutes, dur ing w hich pa rticipants c ompleted t he r MEQ, t he 

ARCES, t he M AAS, the B IS 11 -A a nd t he M onk’s a ctivation-affect s cale. T hey also 

reported a bout s leep du ration, ps ychiatric a nd sleep di sorders a nd consumption of  

stimulants. Then, t he PVT was administered. A fter t he PVT, a s ensor n et was pl aced 

over t he pa rticipant’s s calp f or E EG r ecording a nd pa rticipants pe rformed t he S ART. 

Finally, they completed the Monk’s scale again.  

Design and statistical analysis 

  All pa rticipants s cored on t he s econd administration of  t he r MEQ a s 

intermediate type, except for three participants who scored as moderate morning-type, 1 

participant a s e xtreme mo rning-type a nd on e pa rticipant a s m oderate e vening-type. 

They were nevertheless included in the analyses because experiment was not performed 

at a non-optimal time of day. 

  Temperature data were baseline corrected by subtracting the minute immediately 

preceding the beginning of the task from each of the 78 minutes of SART.  
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  Subjective act ivation an d m ood s tates w ere analyzed u sing s eparate r epeated 

measures analysis of variance (ANOVA) with Time (pre-test vs. post-test) as a within 

participants factor. Temperature data from each sensor, RT and accuracy performance 

in the SART and mean amplitude for each ERP component (P1, N1, N2, and P3) were 

also submitted to separate repeated measures ANOVAs with Block (1, 2, 3) as a within-

subject f actor. W hen t he ef fect o f Block w as s ignificant, p lanned co mparisons w ere 

performed t o t est for di fferences be tween bl ocks. In t he S ART, t he RT an alyses 

excluded tr ials w ith RT be low 100 a nd a bove 1000 m s, an d i ncorrect t rials ( i.e. 

responses i n t he no -go c ondition). T he a ccuracy analysis computed t he p roportion of  

responses correctly inhibited to the no-go stimulus. All analyses excluded practice trials 

(i.e. t rials f rom t he pr actice bl ock a nd f ive f irst tr ials o f e very e xperimental b lock, 

considered as warm-up trials).. Simple linear correlations were calculated between self-

reported que stionnaires (MAAS a nd A RCES), pe rformance on t he P VT ( mean R Ts) 

and be havioral i ndices of t he S ART ( mean R Ts a nd a ccuracy). C orrelation a nalyses 

between ERP measures and SART performance were also performed using the slope of 

the linear trend of data.   

Results 

Demographic data 

Information about group characteristics is de tailed in Table 1. T he table also includes 

information about mean room temperature and mean RTs on the PVT. 
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Table 1. Mean and standard deviation (between brackets) for 
demographic data, mean RTs on the PVT and room temperature for the 
sample of Study II 

 

Group characteristics 
Sample size 14 
Age 20 (3.81) 
Gender 7 females 
Chronotype 14.86 (3.11) 
MAAS 4.16 (0.72)  

ARCES 29.85 (7.13) (1) 

BIS 11-A 66.07 (6.85) 
Duration of sleep (in hours) 7.75 (1.19) 
Wake time (in hours) 2.61(1.00) 
Last ingestion of food (in hours) 1.72 (0.79) (2) 

Coffee/Tea intake  2 (2) 

Smokers  2 (2) 

PVT performance (ms) 307.08 (25) (1) 

Room temperature (°C) 22.22 (1.66) (1) 

(1) The mean and standard deviation for n= 13. One participant did not complete correctly 
the ARCES scale and one participant did not have r oom t emperature recording. One 
participant did not report time awake before testing. 
The mean and standard deviation for n= 12. Two participants did not have PVT data and 
the sample was composed of 12 participants. 
(2) Ten o ut f ourteen participants a te breakfast before s ession. T wo p articipants r eported 
caffeine c onsumption b etween one a nd three h ours b efore t he s ession. Two p articipants 
were smokers, one of them smoked 1 hour before the session and the other participant 10 
hours prior to the session.  

 

Subjective activation and mood states 

The Time (pre-test vs. post-test) ANOVA on subjective activation showed a significant 

main ef fect, F (1, 13)  =  23.37, p < .01, η𝑝2= 0.64, w ith participants reporting higher 

subjective a ctivation be fore ( M: 61.07, S D: 4.3 9) t han after t he t est ( M: 34.07, S D: 

4.37). The subjective a ffect analysis a lso showed a  s ignificant di fference, F (1, 13)  =  

5.68, p = .03, η𝑝2= 0.30, showing less positive affect after the test (M: 62.48, SD: 5.66) 

in comparison to pre-test assessment (M: 74.45, SD: 3.54).  
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Wrist temperature data 

The ANOVA revealed a  s ignificant e ffect o f Block on wrist t emperature, F (2, 24)  =  

112.50, p < .01, η𝑝2= 0.90, showing a decrease in wrist temperature from baseline over 

time on task (see Figure 4.1).  

 

Figure 4.1. Decrement in wrist temperature (variation from baseline) as a function of time on task. 

Sustained Attention to Response Task (SART) 

Accuracy. The main effect of block did not approach significance, F (2, 26) = 1.64, p = 

.21. We performed further comparisons between blocks based on the results of Study I, 

which revealed that Block 1 w as not  s ignificantly different from Block 3  (F (1, 13)  = 

2.76, p = .12) and Block 2 (F <1; see Figure 4.2). 

Reaction Times. The effect of Block was far from significant (F < 1). 
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Figure 4.2. Mean proportion of accurately inhibited responses in the no go condition as a function 

of time on task.  

Event-related potentials 

P1 

The P1 mean amplitude did not differ significantly over time on task (p = .14).  

N1 

The main effect of Block was significant, F (2, 26) = 3.98, p = .03, η𝑝2= 0.23, showing 

that N 1 a mplitude i ncreased ov er t ime. P lanned c omparisons s howed t he s mallest 

amplitude in Block1 (M: -2.08, SD: 0.45) relative to Block 3 (M: -2.65, SD: 0.56; F (1, 

13) = 4.71, p = .05) and also a significant difference between Block 1 and Block 2 (M: -

2.63, SD: 0.56; F (1, 13) = 5.24, p = .04). 

N2 

The ANOVA showed a significant effect of Block, F (2, 26) = 4.15, p = .03, η𝑝2= 0.03, 

such that N2 amplitude was larger in Block 1 ( M: -1.00, SD: 0.49) than Block 3 ( M: -

0.27, SD: 0.53) . Further analyses confirmed this t rend, F (1, 13)  = 5.37,  p = .04. The 
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difference between Block 1 and Block 2 (M: -0.53, SD: 0.39) was also significant, F (1, 

13) = 5.28, p = .04. 

P3 

The P3 ANOVA revealed a significant main effect of Block, F (2, 26) = 7.81, p < .01, 

η𝑝2= 0.37, showing that amplitude decreased over time. In particular, Block 1 (M: 3.67 

SD: 0.51) showed larger amplitude than Block 2 (M: 3.00, SD: 0.37), F (1, 13) = 8.71, p 

= .01, and Block 3 (M: 2.79, SD: 0.48), F (1, 13) = 9.20, p < .01.  

Correlational analyses 

The linear trend across blocks of ERP amplitudes did not show a significant association 

with i nhibition pe rformance on S ART (all ps >.19). N o s ignificant c orrelations w ere 

found e ither be tween S ART pe rformance a nd s elf-report m easures ( all ps > .09) or  

between behavioural indices of the SART and RT performance in the PVT (p = .21). 

Discussion 

 The m ain ai m o f t he cu rrent s tudy was t o as sess t he ef fect o f t ime on t ask on 

inhibitory control a nd t o e xplore e lectrophysiological m arkers o f i mpaired i nhibitory 

performance over t ime. Subjective reports confirmed that participants were vulnerable 

to the effect of time on t ask, as they reported both lower activation and more negative 

affect after than before the long vigilance task. However, our behavioural results did not 

provide strong evidence of a clear time on task effect. We observed a 3 % decrement in 

inhibitory performance a t t he end o f t he t ask. Because t he s ample s ize w as r elatively 

small (n = 14), our attempt to replicate the time on task effect on inhibitory performance 

may be compromised. In fact, an analysis including participants with noisy recordings 
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in the EEG ( total n= 18) revealed m arginal e ffects (p = .06 ), a result m ore consistent 

with findings from Study 1.  

 We cl early o bserved t he two c haracteristic p otentials s howed b y E RP s tudies 

using Go/Nogo paradigms when inhibition is required, the No-go N2 and the No-go P3. 

Both i nhibition-related pot entials s howed r educed m ean a mplitude ove r t ime, 

suggesting th at th ey w ere s ensitive to  th e t ime o n t ask ef fect. R egarding ear ly E RPs, 

only the N1 showed enhanced amplitude (more negative) with increasing time on t ask. 

Contrary t o w hat w e e xpected, how ever, w e di d not  obs erve s ignificant c orrelations 

between behavioural and ERP measures, which may be attributed to the small sample 

size tested in the present study.  

 Our main finding of decreased amplitudes of the No-go N2 and No-go P3 over 

time i s in l ine w ith K ato a nd c olleagues ( 2009), w ho r eported r educed N o-go P 3 

amplitude over t ime during a spatial Go/Nogo task. This decrement was interpreted to 

reflect attenuated attentional resources over time. This interpretation also fits well with 

studies relating impaired inhibitory performance with reduced No-go N2 and No-go P3 

amplitudes (Falkenstein, Hoormann, & Hohnsbein, 1999; O’Connell et al., 2009). 

 In a similar vein, previous ERP studies using the random SART found the N2/P3 

inhibitory complex ( Zordan, S arlo, &  S tablum, 2008;  O `Connell e t a l., 2009 ). In t he 

present s tudy, we a lso o bserved bot h t he fronto-central N o-go N 2 a nd t he N o-go P 3 

with a broader distribution. O’Connell and colleagues (2009) found that both the No-go 

N2 a nd t he N o-go P 3 w ere a ttenuated f or uns uccessful r esponses ( i.e. f ailures of  

inhibition) in the random SART (O’Connell et al., 2009). We predicted that if amplitude 

of bot h i nhibition-related w aves w ere as sociated t o s uccessful p erformance i n t he 

random SART, a decline in accuracy might be coupled with attenuated No-go N2 and 
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No-go P 3 amplitudes ove r t ime. Although our  ERP da ta d id n ot cl early parallel t he 

accuracy da ta, our  r esults of  a mplitude de crements i n N 2/P3 w ith time on t ask m ay 

reflect i ncreasing di fficulty t o p erform t he t ask because of  t he continuous de mand o f 

sustained t op-down a ttention f or s uccessful i nhibition (Robertson, M anly, A ndrade, 

Baddeley, & Yiend, 1997). These results fit with previous behavioural and EEG studies 

noting t hat t he S ART o r S ART-like vi gilance t asks ( i.e. requiring t he inhibition of  

responses) ar e r esource-demanding (Grier, e t a l., 2003)  or n egatively influenced b y 

manipulations of the level of mental fatigue prior to perform the SART (Smit, Eling, & 

Coenen, 2004) . T herefore, our  r esults s uggest t hat bot h N o-go N 2 a nd N o-go P 3 

amplitudes can  p otentially b e i ndices o f p rocessing efficiency o r r esource al location 

underlying inhibitory functioning over time.  

 Furthermore, we observed increased N1 amplitude along t ime on t ask. The N1 

had be en p roposed a s an i ndex of  pe rceptual d iscrimination (Vogel &  Luck, 2000;  

Luck, 1995). The No-go N1 amplitudes have shown to be enhanced with high levels of 

task d ifficulty. A ccordingly, th is N 1 mo dulation ma y r eflect a  greater allocation o f 

visual resources to inhibitory processing as a function of task difficulty (Benikos et al., 

2013). The trend toward enhanced No-go N1 amplitude over time in the present study 

could th us r eflect a  g reater d ifficulty for p erceptual d iscrimination a s time o n ta sk 

progresses.  

  Finally, w e t ested whether s kin t emperature c ould be  a  s ensitive pr edictor of  

performance dur ing hi gh-demand t asks. T he r esults s howed t hat w rist t emperature 

declined as time on task increased. At first, this finding could suggest wrist temperature 

as an index of  the vigilance decrement, in accordance with the r esource theory o f the 

vigilance decrement (Warm, Parasuraman, & Matthews, 2008). However, an alternative 

explanation e merged a ccording t o t he l iterature on c ircadian t hermoregulation. H eat 
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production e xceeds he at l oss dur ing m orning h ours, a nd t emperature a t di stal s kin 

regions n ormally d ecreases (Kräuchi, 2007 ). N ote th at o ur p articipants were te sted at 

11:00. Therefore, the current experiment was not designed to clarify whether the decline 

in distal temperature was reflecting either the natural circadian rhythm or a time on task 

effect cau sed b y co gnitive t ask de mands. W ith t his a im, w e c arried out  a  f urther 

experimental series, which will be detailed in the next chapter. 
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Introduction 

Vigilance r efers t o our  ability t o s tay a lert a nd f ocused on a  t ask ove r t ime 

(Warm et  al ., 2008). An important f inding from vigilance research i s the performance 

decline as time on task increases, known as the vigilance decrement (Mackworth, 1948; 

Davies a nd P arasuraman, 1982) . N euroergonomic a pproaches a im a t i dentifying 

neurophysiological i ndices a ssociated with pe rformance i n na tural a nd w orking 

environments. V igilance pe rformance r elies on a r ight f rontoparietal ne twork a nd i s 

modulated b y t he s ubcortical nor adrenergic s ystem know n t o r egulate arousal l evel 

(Posner and Petersen 1990; Posner, 2008).  

A study by Paus and colleagues (1997) measuring regional cerebral blood flow 

(Positron E mission T omography –PET-) and electroencephalogram ( EEG) s howed 

reduced activity ove r t ime i n bot h r ight f rontal a nd pa rietal r egions a ssociated t o 

vigilance an d s ubcortical ar ousal areas during a vi gilance t ask ( Paus et a l., 1997) . 

Moreover, us ing a rterial s pin l abeling ( ASL) perfusion-based f unctional m agnetic 

resonance imaging (fMRI), it has been observed that changes in frontoparietal cerebral 

blood flow (CBF) after the task relative to a baseline (rest) period can be a s uccessful 

index to measure cognitive workload, and CBF levels before the task in the right middle 

frontal gyrus and t halamus c an pr edict pe rformance d ecrements ( Lim e t a l., 2010) .  

 Most neuroimaging techniques (such as perfusion positron emission tomography 

–PET- or f unctional m agnetic r esonance i maging –fMRI-), h owever, re quire fo r 

instance t hat i ndividuals s tay s till w ithin t he scanner and a re not  appropriate for r eal-

world s ettings. A lternative n euroimaging to ols f or use in  r eal lif e s ituations a re 

functional ne ar i nfrared s pectroscopy (fNIRS) a nd T ranscranial D oppler ( TCD) 

sonography ( Mehta a nd P arasuraman, 2013) . Using T CD, i t ha s be en f ound t hat 

decrements i n p erformance ef ficiency o ver t ime ar e coupled w ith d eclines i n C BF 
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velocity on t he r ight he misphere ( Warm a nd Parasuraman 2007;  s ee a lso W arm, 

Matthews and Parasuraman 2009). 

As f or a utonomic m easurements, s kin t emperature c ould b e a  pr omising 

candidate due to the recent development of low cost, wireless and easy-to-use portable 

devices that can reliably measure skin temperature under normal l iving conditions for 

several days (van Marken Lichtenbelt, et al., 2006; Sarabia, Rol, Mendiola, & Madrid, 

2008; Ortiz-Tudela, Martinez-Nicolas, Campos, Rol, & Madrid, 2010; Kolodyazhniy, et 

al., 2011). 

It is  k nown th at o ptimal p erformance in  s imple r eaction time  ( RT) ta sks is  

coupled with the highest values reached during the circadian rhythm (a roughly 24-hour 

cycle) of core body temperature (CBT); that is, RT is lowest when central temperature 

is h ighest ( Kleitman &  J ackson 1950 ; Wright, H ull &  C zeisler 2002;  reviewed b y 

Blatter &  C ajochen 2 007). M oreover, he at l oss vi a di stal s kin r egions pr omotes 

decrements in CBT, and is positively associated with high sleepiness and earlier s leep 

onset l atency (Kräuchi, C ajochen, W erth, & W irz-Justice, 1999;  Kräuchi, C ajochen, 

Werth, &  W irz-Justice, 2000 ; K räuchi,  2007 ). Heat l oss i s us ually m easured b y t he 

gradient between body temperature at proximal and distal skin sites (“distal to proximal 

gradient”, D PG) a s a n index of  pe ripheral va soconstriction ( Rubinstein &  S essler, 

1990). 

Proximal s kin temperature ( measured at the i nfraclavicular ar ea o n t he chest) 

exhibits a similar time course as core body temperature, whereas distal skin temperature 

oscillates i n oppos ite ph ase t hroughout t he da y. Core bod y t emperature progressively 

increases during daytime until it reaches its maximum (acrophase) at evening and then it 

continues to fall throughout the night. In contrast, distal skin temperature (measured at 
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the palmar side of the wrist) begins to rise at evening and reaches its acrophase during 

the sleep period (Kräuchi, 2007; Sarabia, Rol, Mendiola, & Madrid, 2008). In general, 

the mo ment w hen c ore te mperature is  a t min imum, a nd d istal te mperature is  a t 

maximum (between 3 and 5 am), is closely associated with the lowest level of alertness 

as r eported b y s ubjects a nd i ndexed b y r eaction t ime t asks, s uch a s the Psychomotor 

Vigilance T ask ( PVT; Wright, H ull & C zeisler 2002;  G radisar & Lack 2004) , and i s 

related to increased rates of accidents (Folkard, 1997). 

Although m ost s tudies had us ually f ocused on  m easuring t he c ourse of t he 

vigilance state and body temperature across the circadian cycle, only a few studies have 

recently analysed t emperature fluctuations ove r shorter m onitoring pe riods. Ramautar 

and c olleagues ( 2013), us ing a  m odified P VT of  19 m inute l ong w here pa rticipants 

performed s peeded p erceptual di scriminations, f ound t hat D PG t emperature w as 

negatively as sociated w ith l evels o f b eta activity af ter a s leep n ight d eprivation 

(indicating a decrease in compensatory efforts to maintain vigilance) and also positively 

with the peak latency of the P3 (13.5 ± 6.4 ms per 1 ºC  increase in DPG, indicating a 

slower speed of processing associated to low vigilance) particularly after a normal night 

of sleep (Ramautar et al., 2013). Moreover, Romeijn and Van Someren (2011) used the 

same task and found that high proximal (chest) temperature was associated with longer 

response times. The same relationship was found for distal temperature and the gradient 

between skin temperatures (Romeijn & Van Someren 2011). For example, they found 

that a n i ncrement i n 1  º C i s r elated t o s lower r esponses b y 27  m s. T herefore, t hese 

indices c ould be  us ed a s m arkers of  t he v igilance s tate dur ing cognitive t ask 

performance. 

This finding opens important questions for applied contexts. Thus, to the best of 

our knowledge, no s tudy had reported whether the temporal course of skin temperature 
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changes as a function of time on t ask during vigilance tasks. It is unclear whether skin 

temperatures are task dependent, that is, if they are selectively influenced by cognitive 

demands. Furthermore, it had not been addressed whether body skin temperature can be 

related t o behavioural performance i n other t han s imple R T tasks, such a s t asks 

demanding executive control.  

Therefore the current research had three aims: 

1) Testing whether skin temperature is sensitive to the time on task effect. 

2) Testing whether skin temperature is  sensitive to  d ifferent loads in  cognitive 

demands. 

3) Testing whether skin temperature can be used to predict task performance.  

We c ompared which of  our  t hree m ain m easures of  s kin t emperature ( distal, 

proximal or DPG) showed the highest sensitivity to our experimental manipulations. In 

two experiments, we used a task demanding sustained attention for successful response 

inhibition, t he S ustained A ttention t o Response T ask (SART; Robertson, M anly, 

Andrade, Baddeley, &  Yiend, 1997 ). Most s tudies us ing t he S ART have focused on 

overall failures o f in hibition as a r esult o f m omentary l apses o f at tention(Robertson, 

Manly, A ndrade, B addeley, & Y iend, 1997;  Manly, Lewis, R obertson, W atson, &  

Datta, 2002), but the SART further allows testing how response inhibition evolves over 

time, that is, the vigilance decrement (Lara, Madrid & Correa, 2014).  

In E xperiment 1, a group of  pa rticipants c ompleted t he S ART w hereas t he 

control gr oup di d not . The c ontrol group a llowed measuring t he ch ange o f skin 

temperatures w ithout a n a ctive c ognitive e ngagement i n t he t ask a nd, t herefore, 

accounting for t ask unspecific changes, for example, produced b y the s trong effect o f 

circadian rhythms of temperature.  
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In E xperiment 2, a ll pa rticipants pe rformed s ingle-task ( SART) a nd du al-task 

(SART and a counting task) conditions. We manipulated the cognitive load imposed by 

the ta sk ( single, d ual) in a  w ithin-subject ba sis to test w hether skin t emperature was 

sensitive to differential levels of attention demands. If skin temperature was a reliable 

index of vigilance and generalizable to high-level cognitive tasks, it should be sensitive 

to variations in inhibitory performance and attentional demands on the SART.  

Method 

Ethics Statement 

 All participants first signed a consent form approved by the Ethics Committee of 

the U niversity of  G ranada. P articipants i n both Experiment 1 and Experiment 2 were 

paid for their collaboration. This study was conducted according to the ethical standards 

of the 1964 Declaration of Helsinki.  

Experiment 1 

 Experiment 1 tested whether skin temperature could be a sensitive physiological 

index of attentional level during a vigilance task involving executive control, the SART. 

We also tested, for the first t ime, whether changes in skin temperature depend on t ask 

demands by including a control condition (No Task group) where participants received 

the same sensory stimulation but did not perform the task (see Shaw et al., 2009, f or a 

similar approach using transcranial Doppler sonography –TCD-).  

Performance in v igilance tasks has been associated to a s ympathetic release of 

norepinephrine and e pinephrine be cause of  i nduced s tress b y t ask de mands (Warm, 

Parasuraman, & M atthews, 2008) . T hat i s, i f task d emands i ncreases s ympathetic 

arousal, the Task group would show lower wrist temperature during the test session than 

the No Task group. In the Task group, we also expected to find less correctly inhibited 
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responses with higher skin temperatures (i.e., wrist, proximal and DPG; Romeijn & Van 

Someren, 2011).  

Participants 

 Twenty-three s tudents f rom t he U niversity of  G ranada pa rticipated i n 

Experiment 1. Participants were required to sleep for at least 5 hour s the night prior to 

the experiment. One participant with hyperthyroidism and 1 participant who was taking 

antihistamines, w ere e xcluded f rom a nalyses. The s ample w as c onstituted b y 21 

participants, 10 randomly assigned to the Task Condition (all females) and 11 assigned 

to the No Task Condition (7 females; see Table 5.1 for further details). 

Apparatus and Stimuli 

Questionnaires 

 The S panish ve rsion o f t he r educed M orningness-Eveningness Q uestionnaire 

(rMEQ; Adan & Almirall 1991) was first administered to assess chronotype. Subjective 

indices of activation and affective states were measured by using a visual analog scale 

(VAS) r anging f rom 0  ( minimum a ctivation/positive mo od) to  1 00 ( maximum 

activation/positive mood) (Monk, 1989). Differential demands between task conditions 

were checked by asking participants to rate their mental effort perceived during the test 

session us ing a vi sual a nalogue s cale r anging f rom 0 ( “nothing a t all”) to 100 ( “too 

much”) on 4 i tems: s train, c oncentration, f atigue a nd m otivation ( Maire, e t a l. 2014) . 

The Attentional-Related Cognitive E rrors S cale ( ARCES; C heyne, C arriere & S milek 

2006) m easured i ndividuals’ pr oneness t o e veryday cognitive e rrors arising f rom 

attentional lapses. ARCES scores can range from 12 (low susceptibility to lapses) to 60 

(high susceptibility to lapses). The Mindful Attention Awareness Scale (MAAS; Brown 

& Ryan 2003), in its Spanish version (Soler, et al. 2012) was used to measure attention 
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failures. Scores can range between 15 ( very frequent attentional lapses) and 90 ( fewer 

attentional lapses). T he B arratt Impulsiveness S cale f or unde rgraduate s tudents ( BIS 

11A; F ossatti, e t a l. 20 02) t ranslated i nto S panish ( Cosi, e t a l. 2008)  measured t rait 

impulsivity.  

Skin temperature recordings 

 Skin temperature was monitored using temperature data loggers (Thermochron 

iButton- DS1921H, M axim, D allas; t emperature range: +15oC t o +46oC, with 1 oC o f 

accuracy and a precision of 0.125oC). The sensors recorded one sample per minute. The 

wrist temperature sensor was placed at  the palmar s ide of the non-dominant hand and 

attached w ith a  s port ba nd. P roximal t emperature w as r ecorded us ing a sensor f ixed 

with adhesive tape to the infraclavicular skin region on the right chest. Two participants 

from t he N o T ask condition r eported uni ntentional r emoval o f c hest sensor a nd t hen 

their proximal temperature data were not reliable and excluded from analyses (i.e. n= 9 

for chest and DPG analyses). A third sensor recorded ambient room temperature. 

Behavioural tasks 

 Experimental tasks were performed on a personal computer (Intel Core i7 3770) 

connected to a 23” LCD monitor. Programming, administration of tasks and behavioural 

data r ecording w ere c ontrolled b y E-prime s oftware (Scheneider, E schman, &  

Zuccolotto, 2002 ). T o o bjectively assess t he level o f p articipant’s v igilance, w e 

administered the 10-min Psychomotor Vigilance Task (PVT, Dinges & Powell, 1985).  

We us ed a  m odified ve rsion of  t he Sustained Attention to Response Task, w hich 

duration w as m uch l onger ( 83 m inutes) t han t he or iginal ve rsion ( 4 m inutes). 

Participants had to respond as quickly as possible to every digit (go trials) but withhold 

the r esponse when t he n o-go t arget t rial (“3”) a ppeared. S timulus w as p resented at a  
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viewing di stance of  60 cm and subtended a vi sual angle r anging from 0.95o to 2.86 o. 

They were informed about their mean RT and accuracy at the end of each experimental 

block dur ing a n obl igatory rest i nterval of  30 seconds. D igits t urned red w hen t he 

average co rrect r esponse r ate i n n o-go t rials w as be low 0.71 ( for f urther de tails s ee 

Chapter 4 ). The t ask was composed of  one  p ractice block and 6 experimental blocks. 

Each experimental block lasted 13 minutes.  

Procedure 

 All participants completed a 2-hour session at 11:00 h under dim light conditions 

(< 8 l ux). F irst, t emperature s ensors w ere pl aced a t t he w rist a nd c hest t o r ecord t he 

baseline period (with a minimum duration of 30 minutes) when the participants arrived 

at the laboratory. During the baseline period, participants reported about sleep duration, 

psychiatric a nd s leep di sorders a nd consumption of  s timulants. N ext, t hey completed 

different s cales ( MEQ, A RCES, M AAS, B IS an d act ivation-affect). P articipants 

performed t he P VT a fter c ompletion of  the que stionnaires.  A fterwards, pa rticipants 

assigned to the Task condition completed the SART while participants assigned to the 

No T ask c ondition r eceived t he s ame s ensorial s timulation but  m ust r emain a s 

observers.  

Design and statistical analysis  

 Separate one-way ANOVAs with Task Condition (Task, No Task) as a between 

subject f actor w ere p erformed t o t est f or d ifferences i n s elf-report s cales ( rMEQ, 

ARCES, MAAS, BIS), subjective effort, mean RTs on the PVT, room temperature and 

age. The PVT analysis excluded warm-up trials (first five trials) and RTs below 100 ms 

or a bove 1000 m s ( 3.10 %  r ejected). S cores on subjective a ctivation a nd a ffect w ere 

analyzed using a mixed ANOVAs of 2 ( Time: pre-test, post-test) x  2 ( Task condition: 
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Task, N o T ask), w ith T ime a s a  w ithin-subject f actor an d T ask as  a b etween s ubject 

factor.  

 In s kin t emperature analyses, t he D PG w as ca lculated f or e ach o ne-minute 

sample b y s ubtracting p roximal ( infraclavicular area) f rom d istal ( wrist) te mperature. 

Temperature d ata i ncluded the va lues recorded a t one -minute i ntervals du ring 

performance across the 78 minutes of the SART. The minute previous to the start of the 

task was used as baseline. SART performance in the Task group and skin temperatures 

data were averaged on t he subject level across 3  blocks, 26  minutes on each ( these 3 

blocks corresponding to the time period of block 1 + block 2, block 3 + block 4, block 5 

+ bl ock 6  of  t he S ART). T he bl ocks w ere grouped i n or der t o o btain a n a ppropriate 

number of observations per block for permutations tests. 

In t he S ART, t he accu racy an alysis co mputed t he p ercentage o f r esponses 

correctly inhibited to the no-go stimulus. Trials with RT either below 100 ms or above 

1000 m s ( 2.60%) a nd i ncorrect t rials ( i.e. r esponses i n t he no -go c ondition) w ere 

excluded f rom the analysis. Both analyses excluded practice t rials ( i.e. t rials f rom the 

practice block and f ive f irst t rials of every experimental b lock considered as  warm-up 

trials). T he R Ts w ere i nversed t ransformed ( 1000/RT) b efore an alyses a nd t ermed as  

speed. Likewise, mean RTs in the PVT were analyzed.   

 SART performance in t he Task group as well a s t he group di fferences i n skin 

temperatures ove r t ime on t ask w ere t ested us ing non -parametric p ermutation te sts 

(10000 times). Permutation tests are exact, unbiased and do not require meet parametric 

assumption requiring data fit the normal distribution (Ernst, 2004; Pesarin & Salmaso, 

2010). T emperature d ata w ere an alyzed u sing a d esign w ith t he b etween-subject 

variable o f T ask C ondition ( Task, No T ask) and t he w ithin-subject va riable B lock 
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(Block 1 , B lock 2  and Block 3 ).SART p erformance (speed and accuracy) was a one-

factor ( Block) de sign w ith 3 l evels ( Block f rom 1 t o 3) . S ignificant m ain e ffects a nd 

interactions w ere e xplored b y us ing pos t hoc  and pa irwise c omparisons. 95%  

confidence intervals (CI) are reported.  

 We further analysed the relationship between SART performance (accuracy and 

speed) a nd s kin t emperatures b y l inear m ixed-effects an alysis. Linear M ixed M odels 

(LMMs) a ccount f or n on-independence among t he c ontinuous obs ervations f rom 

repeated m easures d esigns, h eteroscedastic an d m issing d ata. T he m odel i ncluded 

Temperature an d M inute as  f ixed ef fects f actors. Intercepts f or each s ubject an d b y 

subject slope were added as random effects. The analyses were performed over all trials 

for s peed an d ac curacy (data f iltering w as t he s ame as  i n p ermutation a nalyses). T he 

permutation tests, CIs and mixed-effects model were performed using Matlab R2015b 

(MathWorks, Inc.).  

Results 

Demographic data 

 

Analyses confirmed that Task and No Task groups were matched in chronotype, a ge, 

impulsivity, a ttentional t rait m easured b y M AAS, dur ation of  s leep pr ior t o t he 

experiment an d t he wake t ime b efore t he b eginning o f t he experimental s ession ( see 

Table 5.1), except for ARCES scores, F (1, 19) = 5.69, p = .28, ηp2 = 0.23, indicating 

higher susceptibility to lapses in the Task group (M: 34.5, SD: 1.45) than in the No Task 

group (M: 29.72, SD: 1.38). In addition to these group characteristics, information about 

RT performance in the PVT, room temperature, ingestion of food and consumption of 

stimulants for each group are detailed in Table 5.1.  
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Table 5.1. Mean and deviation (between brackets) for demographic data for the sample of Experiment 1  

 p- values Task Group No Task Group 

Sample size  10 11 

Gender  10 females 7 females 

Age .27 21 (1.01) 23 (0.96) 

rMEQ .84 13.67 (0.96)  13.40 (0.91)  

MAAS .77 4.41 (0.19) 4.33 (0.18) 

ARCES .03 34.50 (1.45) 29.73 (1.38) 

BIS-11A .64 63.40 (2.70) 61.64 (2.58) 

Motivation (VAS) .02 64.30 (7.95) (3) 35.00 (7.95) 

Fatigue (VAS) .59 72.20 (5.92) 67.60 (5.92) 

Strain (VAS) .40 37.30 (8.87) 48.00 (8.87) 

Concentration (VAS) .09 66.00 (8.48) 44.20 (8.48) 

Duration of sleep (in hours) .21 6.62 (0.36) 7.27 (0.35) 

Wake time (in hours) .31 2.85 (0.31) 2.41 (0.29) 

RT performance in the PVT (ms) .23 337.47 (6.44) (3) 326.61 (5.83) 

Room temperature (baseline corrected) .67 0.89 (0.05) 0.92 (0.05) 

Ingestion of food   8 (1) 9 (2) 

Coffee/Tea intake  5 (1) 4 (2) 

Smokers  2 (1) 3 (2) 

(1) For the Task group, 8 out 10 participants ate breakfast before session. Five participants reported caffeine consumption 
between one and a half and four hours before the experiment. Two participants smoked between half and one hour before 
the session. 
(2) Nine participants ate breakfast before session and 4 of them reported caffeine consumption between one and two hours. 
Three participants smoked between half an hour and sixteen hours.  
(3) One participant from the Task group did not have PVT data (n = 9). One participant from the No Task group did not 
complete correctly the VAS scales for effort (n = 10).  
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Self-report measures of activation and affect  

 The T ask C ondition ( Task, N o T ask) x  T ime ( pre-test, pos t-test) A NOVA 

showed a  s tatistically significant d ifference b etween p re-test a nd pos t-test a ctivation 

scores, F (1, 18) = 14.55, p < .01, ηp2= 0.45. Participants reported subjective activation 

before (M: 53.84, SD: 2.65) than after the test (M: 39.87, SD: 4.07).The main effect of 

Task condition (p = .29) and the interaction between Task condition and Time (F < 1) 

did not reach significance.  

 Similarly, t he an alyses on af fect s cores s howed a s ignificant m ain effect o f 

Time, F (1, 18)  =  19.86 , p < .01, ηp2= 0.52, s howing t hat p articipants r eported l ess 

positive affect after (M: 59.96, SD: 3.18) than before the test (M: 75.82, SD: 3.54). The 

remaining effects did not reach significance (Fs < 1) 

  Regarding pe rceived effort, pa rticipants f rom t he T ask group reported higher 

motivation (M: 64.30, SD: 7.95) than the No Task (M: 35.00, SD: 7.95) during the test. 

The strain, fatigue and motivation scores did not show significant differences between 

groups (all ps = .09; see Table 5.1 for further details). 

 

Behavioural Tasks 

 

Psychomotor Vigilance Task (PVT) 

 

 PVT pe rformance di d n ot di ffer be tween groups, F (1, 18)  =  1.56, p = .23, 

suggesting th at th ey w ere b alanced in  te rms o f th eir v igilance le vel b efore p rior t o 

starting the test (see Table 5.1).  
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Sustained Attention to Response Task (SART) 

 Accuracy  

 In the SART, the effect of Block on a ccuracy (i.e. responses correctly inhibited 

to the no-go stimulus) was significant (p < .01). Post hoc test showed higher accuracy 

for Block 1 (M: 0.82; 95% CI [0.80, 0.84]) with respect to both Block 2 (M: 0.76; 95% 

CI [0.74, 0.78]; p <  .01)  and Block 3 ( M: 0.77; 95% CI [0.75, 0.79]; p <  .01) but not  

between the last two blocks (p = .47; see Figure 5.1).  

   

 

Figure 5.1. Accurate responses (proportion of correctly inhibited responses in the no-go condition) and 
speed (1000/Reaction Time) as a function of time on task. Vertical bars denote CIs of the mean 
 

 Speed 

 The speed analysis showed a significant main effect of Block (p < .01). Further 

post hoc test showed that speed of  response was faster in Block 2 ( M:  2 .47; 95% CI 

[2.43, 2.50] ) i n c omparison t o B lock 1 (M: 2.3 8; 95%  C I [ 2.35, 2.41] ; p <  .01)  and 

Block 3 (M: 2.40;  95%  C I [ 2.36, 2.45] ; p <  .0 1). T here w as no  di fference b etween 

Block 1 and Block 3 (p = .55; see Figure 5.1).  
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Skin Temperatures  

 The chest temperature results showed both significant main effect of Block and 

Task condition (ps < .01; see Table 5.2). The interaction between both factors was only 

marginally significant (p = .08). Separate main effects showed that chest temperature in 

both Task and No Task groups showed a  t ime on task effect (ps <  .01) . Furthermore, 

pairwise c omparisons s howed t hat groups di ffered at a ll bl ocks ( all ps <  .01) . In 

particular, the Task group showed higher chest temperature than the No Task group (see 

Figure 5.2).  

 

Figure 5.2. Chest temperature over time as a function of Task condition   

 The wrist temperature analyses showed a s ignificant main effect of  Block (p < 

.01). Post hoc test revealed that temperature in Block 3 w as lower than in Block 2 a nd 

Block 1 (ps <.01, see Table 5.2.). This was also true for DPG (all ps < .01). On the other 

hand, DPG temperature was lower in Task vs No Task groups (p = .01, Table 5.2).  
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Table 5.2. Results of the permutation tests (p-values) and the mean temperature values [95% CIs] for both 

Task groups and each Block. 

 Distal Proximal DPG 

Main effect of Task p = .72 p < .01 p = .01 

Task 0.004 [-0.04, 0.05] 0.32 [0.31, 0.33] -0.31 [-0.36, -0.26] 

No Task 0.02 [-0.03, 0.07] 0.17 [0.15, 0.19] -0.22 [-0.29, -0.16] 

Main effect of Block p < .01 p < .01 p < .01 

Block 1 0.14 [0.10, 0.17] 0.15 [0.14, 0.16] -0.03 [-0.07, 0.005] 

Block 2 0.12 [0.06, 0.18] 0.26 [0.24, 0.28] -0.16 (-0.23, -0.10] 

Block 3 -0.22 [-0.30, -0.15] 0.34 [0.32, 0.36] -0.61 [-0.70, -0.53] 

Interaction Task x Block p = .80 p = .08 p = .76 

Task group  p < 0.01  

Block 1 0.13 [0.08, 0.17] 0.22 [0.21, 0.24] -0.09 [-0.13, -0.05] 

Block 2 0.13 [0.05, 0.20] 0.35 [0.32, 0.38] -0.22 [-0.30, -0.15] 

Block 3 -0.24 [-0.36, -0.13] 0.39 [0.36, 0.42] -0.64 [-0.74, -0.54] 

No Task group  p < 0.01  

Block 1 0.14 [0.09, 0.19] 0.08 [0.06, 0.10] 0.03 [-0.04, 0.10] 

Block 2 0.11 [0.02, 0.19] 0.16 [0.14, 0.18] -0.10 [-0.21, 0.01] 

Block 3 -0.20 [-0.31, -0.10] 0.28 [0.24, 0.32] -0.58 [-0.72, -0.45] 

 

Relationship between skin temperatures and SART performance 

Linear mixed-effects model for accuracy and speed failed to show a significant effect of 

skin temperature (all ps > 0.13; see Table 5.3).  
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Table 5.3. R esults o f th e linear mixed-effect a nalyses indicating ef fects o f t emperature f luctuations a s 
regressor for fluctuations in r esponses c orrectly i nhibited a nd s peed of  r esponse pe r de gree-Celsius 
change in temperature. The regression model was: Behavioural index ~ 1 + Minute + Temperature + (1 + 
Minute + Temperature | Subject) 

 Accuracy Speed 
 Effect ± SE p Effect ± SE p 

Distal 0.106±0.06 0.13 -0.004±0.01 0.79 
Proximal -0.003±0.05 0.92 0.008±0.01 0.67 
DPG 0.085±0.06 0.22 -0.005±0.01 0.74 
 
 
 

Discussion 

 Experiment 1 r eplicated the t ime on t ask effect on inhibitory control, such that 

participants’ a bility t o i nhibit i nappropriate r esponses de clined ove r t ime ( in a  m ore 

pronounced manner during the first half-hour). Moreover, speed of response fluctuated 

over time on t ask. Participants responded faster in the second half-hour of the task but 

then speed of response slowed during the last half-hour.  

 Regarding our  f irst aim, w e found s trong time o n ta sk effects o n al l 

temperatures. H owever, t his ef fect w as mainly t ask uns pecific, a s i t a ppeared i n bot h 

task groups. Increments in proximal and decrements in wrist and DPG temperatures fit 

well w ith th e t ypical circadian rhythm at 1 1 am a nd w ith th e lite rature on c ircadian 

thermoregulatory pr ocesses s howing t hat heat production e xceeds body ’s he at l oss 

during m orning hour s ( Krauchi, 2007) . O verall, c hest t emperature i ncreased a nd he at 

loss measurements (distal temperature and DPG) decreased over the session. It may be 

concluded t hat t he ci rcadian r hythm ex erted a  strong i nfluence on t emperatures, t hus 

masking a clear effect of task demands. In fact, only the proximal temperature differed 

between t ask groups, and i t onl y showed a  marginally s ignificant i nteraction with t he 

time o n ta sk effect. T herefore, our  m anipulation of  t ask de mands m ay h ave not  be en 

sufficiently robust. In fact, subjective reports of  activation, mood and perceived effort 
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(fatigue, s train, m otivation and c oncentration) did not  di ffer s ignificantly be tween 

groups. For instance, it is possible that the control condition, where participants had to 

maintain v isual a ttention p assively (without a  c hallenge o r ta sk engagement f or 

responding), was more demanding than we expected (Grier, et al. 2003).  

 Therefore, E xperiment 2 w as de signed t o opt imise t he sensitivity o f 

temperatures to differential task demands on the basis of two main changes: 

1) W e us ed a  s tronger m anipulation of  cognitive w orkload b y us ing a  du al-task 

methodology. 

2) To minimise the robust influence of circadian rhythms, we tested over different times 

of da y, so t hat di fferent trends as a  function of  t ime of  da y would cancel each other. 

Moreover, using different times of day would enhance the generality of our findings. 

Experiment 2 

 Experiment 2 tested whether skin temperatures (distal, proximal and DPG) were 

task-selective by using a dual-task methodology (Pashler, 1994), in which participants 

performed the SART together with another task simultaneously. Skin temperatures were 

recorded during the performance of single-task (SART) vs dual (SART and a counting 

task) task conditions. In Experiment 2 all participants were tested under each of the two 

task conditions at the same time of day, either in the morning (9:00, 11:00, or 13:00) or 

in the afternoon (16:00, 18:00 or 20:00h), to assess different skin temperature dynamics 

over the course of the day. We also tested a larger sample size than in Experiment 1.  

 We ex pected l ess ac curate i nhibition i n t he d ual-task c ondition (SART a nd 

counting t ask) t han w hen t he S ART w as p erformed a lone (single-task c ondition). 

Moreover, t he greater vigilance de crement s hould be  obs erved i n t he dua l-task 
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condition, according to the higher demands of cognitive resources when performing two 

tasks simultaneously (Davies and Parasuraman, 1982; Warm et al., 2008).  

According t o E xperiment 1, pr oximal temperature s hould di ffer ove r t ime on  

task a s a  f unction of  t ask c ondition ( i.e. T ask x B lock i nteraction). O verall, s kin 

temperatures co uld b e af fected b y t he time o n t ask effect w ith i ndependence of  t he 

circadian t rend associated w ith a  f ixed t esting t ime. O n t he ot her ha nd, according t o 

Romeijn a nd c olleagues ( 2011), w e e xpected t o f ind t hat hi gher s kin t emperature 

correlated w ith l ower a ccuracy r esponse i nhibition, i n pa rticular in  th e p roximal 

temperature.  

Participants 

 Inclusion criteria for participating were having slept a minimum of 5 hours the 

night pr ior t o s essions and not  t aking a ntihistamines. F orty-two s tudents f rom t he 

University of Granada took part in Experiment 2 (26 females; see Table 5.4, for further 

details).  

Apparatus and Stimuli  

Questionnaires 

 

 All self-reported scales were the same as those used in Experiment 1 except for 

the P ittsburgh S leep Q uality Index ( PSQI; R oyuela an d M acías, 1997) , w hich w as 

included to assess subjective aspect of sleep quality.  

Skin temperature recordings 

 Skin temperature measurements were recorded in the same manner as described 

in Experiment 1. 
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Behavioural tasks 

 In Experiment 2, pa rticipants did not  perform the PVT. On the other hand, we 

used a  55 -min ve rsion o f t he SART. Participants completed one  practice block and 4 

experimental blocks (13 minutes each). Trials began with the 100 m s presentation of a 

central fixation cross (yellow or blue-coloured) followed by a digit displayed for 1100 

ms or until response (see Figure 5.3).   

 

Figure 5.3. Sequence of events for both single-task and dual-task conditions in the SART. 

 

 Each c olour w as r andomly pr esented a nd there w as a  l ow pr oportion of bl ue 

(ranging f rom 0.06 t o 0.12 a ccording t o t wo different oc currence pr obabilities) i n 

comparison to yellow crosses (from 0.94 to 0.87). The two probabilities of blue crosses 

were p resented i n alternating o rder a cross bl ocks and t his s equence or der w as 

counterbalanced across subjects, so that half of the participants first did a block with the 

low proportion of blue crosses and the other half a block with the high proportion. The 

crosses w ere pr esented with une qual pr obabilities t o e nsure t hat pa rticipants di d not  

generate expectations about the occurrence o f b lue crosses across b locks. In the dual-

task condition, participants were instructed to perform the SART while at the same time 
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performing a counting task: they had to count and remember how many times the blue 

fixation cross appeared. They reported the number of blue crosses presented when that 

block ended. At the end of each block, participants were informed about their mean RT, 

accuracy and the number of blue crosses presented during an obligatory one-minute rest 

interval. In the single-task condition, coloured crosses (blue and yellow) also appeared 

but participants performed only the SART. Since we used coloured crosses for the dual 

task manipulation, in contrast to Experiment 1, the digit colour did not change to red to 

provide feedback online in this experiment. 

Procedure 

 All p articipants c arried o ut a  9 0-minute l aboratory s ession t wice on t wo 

consecutive da ys, a t t he s ame t ime of  da y, with a  l ighting l evel of  97.9 l ux. 

Experimental s essions w ere carried o ut a t o ne o f th e f ollowing te sting time s: 9 :00, 

11:00, 13:00, 16:00, 18:00 or  20:00 h. The order of  t ask condition (single, dua l) was 

counterbalanced across participants. In one of the two sessions, they were asked to fill 

out the rMEQ and PSQI questionnaires while in the other they completed the MAAS, 

ARCES a nd B IS 11A  s cales. T he M onk’ s cale activation an d af fect s cales, t he V AS 

scale for s elf-perceived effort, and questionnaires about s leep duration, t ime awaking, 

ingestion of food and consumption of stimulants were administered as in Experiment 1. 

Finally, p articipants p erformed t he S ART a s s ingle t ask or  t he S ART s imultaneously 

with the counting task.  

Design and statistical analysis 

 The average duration of sleep the night prior to the test, the time awake before 

each s ession, an d s cores o n t he V AS s cales for ef fort w ere an alyzed b y r epeated 

measures A NOVAs t o t est f or p ossible d ifferences b etween s essions. Subjective 
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measurements of activation and affect were analyzed with Time (pre-test, post-test) as a 

within-subject f actor. F or m easures of  t he s econdary t ask pe rformance w e al so 

computed a  r epeated m easure ANOVA with B lock ( Block 1, Block 2) a s w ithin 

participant’s f actor. Responses i n t he co unting t ask w ere r ecorded at  t he en d o f each  

block. We computed the percent deviation of  responses with respect to the number of  

crosses presented in the block. 

 As i n E xperiment 1, blocks i n t he S ART w ere g rouped ( Block 1 +  Block 2, 

Block 3 +  Block 4) in order to obtain an appropriate number of observations per block 

for permutations tests.  

 For skin temperature analyses, we performed a visual inspection of temperature 

plots to detect artifacts and noise during the recordings. In the chest temperature data, 

we observed changes equal to or greater than 0.5 C from one minute to the next (similar 

to changes in skin temperature recordings of  subject from Experiment 1 who reported 

unintentional r emoval o f s ensor). It i s unl ikely t hat s uch a brupt c hanges r eflected 

physiological fluctuations in  s kin te mperature, s o d ata f rom 6  p articipants w ere 

excluded from analyses. On the other hand, for technical reasons, 1 p articipant did not 

have wrist temperature recording and another participant did not have chest temperature 

recording. In a ddition, o ne pa rticipant r eported he  r esponded w ith t he non -dominant 

hand an d d ata w ere excluded f rom an alyses on di stal s kin t emperature t o avoid 

influences on  s ensitivity to s how t emperature c hanges due  t o continuous m otor 

responses required t o p erform t he t ask. T he f inal s ample for wrist, c hest a nd t heir 

gradient were constituted by 39, 35, and 34 participants, respectively. 

 Skin temperatures (distal, proximal and their gradient) and SART performance 

data of  both s ingle and dual-task conditions (accuracy and inverse t ransformed RTs –
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speed-) were analysed u sing non-parametric p ermutation tests as in  Experiment 1  but 

with T ask C ondition ( single, dua l) a s a  w ithin-subject f actor. Likewise, LMMs w ere 

used t o t est t he r elationship be tween s kin t emperatures a nd S ART pe rformance a s i n 

Experiment 1.  

Results 

Demographic data 

 There was no difference between the average duration of sleep the night prior to 

the test between Task conditions (F < 1). Similarly, the time awake before each session 

did not differ (p = .21) between conditions. Information about sleep duration and hours 

awake and consumption of stimulants are also reported in Table 5.4. 

Self-report measures of activation, affect and effort 

 The ANOVA on pre-post measures of subjective activation showed a significant 

effect of Time, F (1, 39) = 14.07, p < .01, ηp2 = 0.26, with greater activation before (M: 

51.98, SD: 2.80)  than after the task (M: 41.20, S D: 3.52) . Other effects did not  reach 

significance (all ps > .27). 

 Similarly, subjective affect was less positive affect after the test (M: 62.81, SD: 

3.34) than before (M: 72.01, S D: 3.02) , F (1, 39) =  29.65, p  < .01,  ηp2 = 0.43. Other 

effects were not significant (ps = .31). 

 Self-rating of  e ffort di d not  di ffer be tween T ask c onditions ( see T able 5.4 f or 

further details).  
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 Table 5.4. Information about self-report measurements of Experiment 2 

Mean (deviation) and scores range 

 Mean (SD) Range 

rMEQ 12.78 (3.28) 5-24 

MAAS 4.03 (0.73) 1.73-5.73 

ARCES 36.11 (7.21) 26-54 

BIS 11A 65.41 (9.44) 41-85 

PSQI 8.05 (3.38) 3-19 

Mean and deviation (between brackets) for single-task and dual-task conditions 

 p- values Single-task Dual-task 

Activation pre-test .16 49.91 (2.33) 54.05 (2.55) 

Activation post-test .94 41.11 (2.78) 41.29 (2.79) 

Affect pre-test .91 71.88 (2.35) 72.13 (2.47) 

Affect post-test .15 61.56 (2.42) 64.07 (2.61) 

Motivation (VAS effort) .09 58.42 (3.48) 63.37 (3.39) 

Fatigue (VAS effort) .82 63.87 (3.22) 64.70 (3.27) 

Strain (VAS effort) .10 47.10 (4.31) 53.25 (4.42) 

Concentration (VAS effort) .82 64.80 (2.79) 69.52 (3.39) 

Duration of sleep (in hours) .43 7.60 (0.22) 7.40 (0.17) 

Wake time (in hours) .21 5.17 (0.56) 5.61 (0.58) 

Room temperature (baseline corrected) 0.23 0.37 (008) 0.47 (0.02) 

Ingestion of food   38 (1) 41 (2) 

Coffee/Tea intake  22 (1) 21 (2) 

Smokers  12 (1) 12 (2) 

(1) For t he s ingle-task session, 3 8 out 42 p articipants ate b reakfast b efore s ession. 2 2 p articipants r eported caf feine 
consumption between half an hour and ten hours before the experiment. 12 pa rticipants smoked between one quarter of 
an hour and thirteen hour before the session. 
(2) Forty-one participants ate breakfast before session and 21 of them reported caffeine consumption between half an hour 
and twenty hours. Twelve participants smoked between one quarter of an hour and fourteen hours.  
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Sustained Attention to Response Task (SART) 

 Accuracy  

 The permutation test on accuracy revealed a significant main effect of Task (p < 

.01), showing higher accuracy in the simple than in the dual-task condition (see Figure 

5.4). However, neither the Block (p = .38) effect nor the interaction between Task and 

block factors (p = .76) reached significance.  

 

Figure 5.4. Accurate responses in the single-task and dual-task conditions 

 

 Speed 

 The a nalyses on s peed s howed s ignificant m ain effects of  Task condition a nd 

Block (ps < .01), and their interaction (p < .01). Further analyses showed a significant 

effect of  Block in both the single-task (p = .01)  and the dual-task condition (p < .01), 

being t he effect l arger in t he dua l t ask ( Figure 5.5) . P airwise c omparisons f urther 

revealed that speed of response differed between tasks in both Block 1 and Block 2 (ps 

< .01; see Figure 5.5).  
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Figure 5.5. Speed in the single-task and dual-task conditions as a function of time on task 

  

 Secondary task 

 Performance on t he s econdary t ask w as hi gh, i ndicating t hat pa rticipants w ere 

engaged i n dua l t ask, d id not  c hange ove r t ime ( F <  1) . A lthough not  s tatistically 

significant, the participants’ response was more accurate during the first part of the task 

(percent deviation = 0.34) than during the last period (percent deviation = 4.23).  

Skin Temperatures 

 The analyses on chest temperature revealed both significant main effects of Task 

condition and Block (ps < .01), and their interaction (p < .01). Further analyses showed 

that bot h s ingle-task a nd dua l-task c ondition s howed a  s ignificant B lock e ffect ( ps <  

.01), s o t hat c hest t emperature i ncreased ove r t ime on t ask. P airwise c omparisons 

revealed that both tasks did not differ in Block 1 (p= .11) but they did so in Block 2 (p < 

.01; Figure 5.6). 
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Figure 5.6. Temporal course of chest temperature (baseline corrected) over time on task as a function of 
Task condition. Vertical bars denote CIs of the mean 

 
 
 The permutation tests on w rist temperature showed significant effects of Block 

and T ask ( ps <  .01) . In c ontrast t o E xperiment 1, w rist t emperature i ncreased f rom 

Block 1 (M: 0.11;  95% CIs [0.09, 0.13]) to Block 2 (M: 0.16;  95% CIs [0.15, 0.21]). 

Moreover, the single-task showed a l ower wrist temperature (M: 0.09; 95% CIs [0.06, 

0.12]) i n c omparison t o t he dua l-task c ondition ( M: 0.18;  95%  CIs [ 0.15, 0.21] ; s ee 

Table 5.5) . However, the interaction between Task condition and Block did not  reach 

significance (p = .64). 

 The D PG t emperature a lso s howed bot h s ignificant m ain e ffects of  B lock a nd 

Task (ps <  .01) . The D PG dr opped w ith i ncreasing t ime-on-task an d became m ore 

negative in the last task period (M: -0.12; 95% CIs [-0.18, -0.08]) in comparison to the 

first period (M: -0.05; 95% CIs [-0.08, -0.02]). In addition, the single-task showed the 

more negative DPG value (M: -0.14; 95% CIs [-0.18, -0.10]) relative to the dual- task 

(M: -0.03; 95% CIs [-0.07, 0.004]). The Task condition and Block factors, however, did 

not interact significantly (p = .95).  
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Table 5.5. Re sults o f t he p ermutation tests ( p-values) for main e ffects o f B lock a nd Task an d t heir 
interaction.  The mean temperature values and 95% CIs are provided. 

 Distal Proximal DPG 

Main effect of Task p < .01 p < .01 p < .01 

Single task 0.09 [0.06, 0.12] 0.23 [0.22, 0.25] -0.14 [-0.18, -0.10] 

Dual task 0.18 [0.15, 0.21] 0.19 [0.17, 0.21] -0.03 [-0.07, 0.004] 

Main effect of Block p < .01 p < 0.01 p < 0.01 

Block 1 0.11 [0.09, 0.13] 0.16 [0.14, 0.17] -0.05 [-0.08, -0.02] 

Block 2 0.16 [0.12, 0.19] 0.27 [0.25, 0.29] -0.12 [-0.18, -0.08] 

Interaction Task x Block p = .64 p < .01 p = .95 

Single task    

Block 1 0.07 [0.04, 0.10] 0.16 [0.14, 0.18] -0.10 [-0.14, -0.07] 

Block 2 0.11 [0.06, 0.16] 0.30 [0.28, 0.33] -0.18 [-0.25, -0.11] 

Dual task    

Block 1 0.15 [0.12, 0.18] 0.14 [0.13, 0.16] 0.004 [-0.03, 0.04] 

Block 2 0.21 [0.15, 0.27] 0.23 [0.21, 0.26] -0.07 [-0.14, -0.002] 

 

Relationship between skin temperatures and SART performance 

 Linear mix ed-effects m odels f or ac curacy an d s peed r evealed a r elationship 

between both proximal and DPG t emperatures a nd SART performance, mainly i n t he 

single-task c ondition. In t he dua l-task c ondition, onl y t he D PG w as a ssociated w ith 

accuracy for response inhibition (see Table 5.6).  

 Single Task 

 The fixed effect of proximal temperature was significant for accuracy and speed 

models ( p <  0.01 a nd p =  0.05, r espectively). In pa rticular, a ccuracy f or r esponse 

inhibition i ncreased b y about 0.069 ( 6.9%) and s peed o f r esponse s lowed b y about 

0.012 (2.46 milliseconds) per degree Celsius that chest temperature increased (see Table 
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5.6). Moreover, the DPG was also related to inhibition of  responses. In particular, for 

every degree Celsius that DPG increased, accuracy for response inhibition decreased by 

about 0.03 (3%). 

 Dual Task 

 Only t he f ixed ef fect o f D PG t emperature w as s ignificant f or accuracy 

performance. S imilarly to th e S ingle ta sk a nalysis, a ccuracy f or r esponse in hibition 

declined by about 0.03 (3%) per degree Celsius that DPG increased.  

Table 5.6. R esults o f th e linear mixed-effect a nalyses indicating ef fects o f t emperature f luctuations a s 
regressor f or fluctuations in r esponses c orrectly i nhibited a nd s peed of  r esponse pe r de gree-Celsius 
change in temperature. The regression model was: Behavioural index ~ 1 + Minute + Temperature + (1 + 
Minute + Temperature | Subject) 

 Single Task 
 Accuracy Speed 
 Effect ± SE p Effect ± SE p 
Distal -0.009±0.013 .46 -0.000±0.002 .78 
Proximal 0.069±0.016 <.001 -0.012±0.005 .05 
DPG -0.034±0.013 .01 0.003±0.002 .25 
 Dual task 
 Accuracy Speed 
 Effect ± SE p Effect ± SE p 
Distal -0.018 ± 0.015 .40 -0.004±0.004 .35 
Proximal 0.022 ± 0.035 .56 -0.014±0.009 .15 
DPG -0.034 ± 0.15 .03 0.003±0.002 .88 
   

General Discussion   

 Our be havioural f indings f rom E xperiment 2 s howed t hat ove rall i nhibitory 

performance was af fected by dual-task load, as r eflected b y lower inhibition accuracy 

and l onger r esponse l atency. T his dua l-task co st can  r eflect g reater i nvestment o f 

cognitive pr ocessing r esources w hen t he S ART w as co ncurrently p erformed t ogether 

with a secondary task.  

Regarding t he t ime on task e ffect, i n E xperiment 1 w e f ound a  de cline i n 

accuracy for response inhibition with increasing time on task when participants without 
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strong morning or evening preferences were tested at a neutral testing time (11:00 h). In 

Experiment 2, w e pr edicted t hat pe rformance on t he dua l-task s hould be  m ore 

challenging an d, t herefore, t he d ecrement i n i nhibitory p erformance could b e cl earer. 

The s econdary (counting) t ask required m emory updating, w hich i s c onsidered an 

executive pr ocess ( Miyake, 2000) . A ccording t o t he r esource t heory (Warm e t a l., 

2008), t he t wo c oncurrent t asks c ompete f or l imited c ognitive resources during du al-

task performance and, therefore, the vigilance decrement should be intensified (Helton 

& Russell, 2011). Several studies support that secondary memory tasks affect negatively 

vigilance pe rformance ove r t ime ( e.g. C aggiano & Parasuraman, 20 04; H elton & 

Russell, 2011). In contrast to our prediction, the time on task effect in accuracy was not 

observed in either single-task or dual-task conditions.  

However, responses became faster over time on t ask, replicating Experiment 1. 

In t he S ART, t he go c ondition i s expected t o i nduce a n a utomatic r esponse t endency 

(Robertson e t a l., 1997) . T herefore, i n E xperiment 1, s peed of  r esponse increased i n 

Block 2 i n pa rallel t o a  de cline i n a ccurate i nhibitory r esponses, s uggesting t hat t he 

automatic tendency to respond dominated over inhibitory control along time on task. In 

Experiment 2, r esponses a lso be came faster w ith t ime, e specially i n d ual t ask, but  

accuracy did not change. Note that speed is much slower under dual task, suggesting a 

controlled r esponse s tyle t hat pr evented a ccuracy dr ops. A s t he s econdary t ask g ets 

practiced with time, this could be reflected as faster responses along blocks.    

The main results on skin temperatures from Experiment 2 are summarized in the 

following paragraphs, according to three objectives of this study:  
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1. Sensitivity of skin temperatures to task demands 

In E xperiment 2, t he pr oximal t emperature w as l ower i n t he dua l t ask, w hen 

participants performed the SART and the counting task. In Experiment 1, t he No Task 

group showed the lower proximal temperature.  

The w rist t emperature w as hi gher i n t he dua l t ask, showing a lso s electivity to  

task demands.  

The D PG w as hi gher i n t he dua l t ask ( Experiment 2)  a nd t he N o T ask group 

(Experiment 1).  

2. Skin temperatures as index of time on task effect:  

Proximal te mperature in creased o ver time  o n ta sk in  b oth E xperiment 1 a nd 

Experiment 2.  

The wrist temperature decreased in Experiment 1, particularly in the last part of 

the task. In contrast, wrist temperature increased over time on task in Experiment 2. 

 The DPG decreased with time on task. This effect was consistently found in both 

experiments.  

3. Skin temperatures as predictor of behavioural performance on the SART 

In th e s ingle-task c ondition of  E xperiment 2, we f ound t hat, i ncrements i n 

proximal temperature were related to higher accuracy for response inhibition and slower 

speed of  responses, s uggesting a  m ore controlled r esponding s et w ith h igh pr oximal 

temperature. 

Furthermore, increments in the DPG were related to lower accuracy for response 

inhibition. The same was found for the dual-task condition and accuracy performance. 
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Taking into account our  r esults a s a whole, p roximal t emperature s eems to be  

the mo st s ensitive me asure to  p redict v ariations in  S ART p erformance. P roximal 

temperature increased with time on task and differed between single (higher) and dual 

task (lower) in the last task period. An increment in proximal temperature was related to 

a controlled task set (higher accuracy and lower speed of  response) in the s ingle task. 

Furthermore, t he D PG de creased w ith t ime on task a nd w as hi gher i n the dua l t ask 

although its temporal course did not differ between tasks. An increment in the DPG was 

related t o poor  i nhibitory performance. T he w rist t emperature i ncreased with t ime on 

task in Experiment 2 ( unlike in the case of  Experiment 1)  and was higher in the dual 

relative to the single task. However, it did not predict SART performance.  

In sum, our results suggest that wrist temperature may not be a reliable predictor 

of pe rformance i n t he SART. R omeijn a nd c olleagues ( 2011) r eported t hat w rist 

temperature showed a smaller predictive value of lapses (but not for speed of response) 

relative to proximal temperature. This could be due to artifacts during the recording. For 

example, m otor r esponses m ight i nfluence d ynamics of  s kin bl ood f low, l eading t o 

changes f rom resting t o c ontinuous m ovement of  t he ha nd, or  m ight yield w orse 

recordings due to unstable contact with skin surface.  

Proximal a nd D PG yielded m ore r eliable r esults a nd c ould b e us ed t o predict 

inhibitory pe rformance. Given t hat r ecording of  proximal t emperature i s s impler t han 

DPG ( which r equires w rist r ecording) a nd a ccording t o R omeijn’s s tudy (2011), t his 

could be the measure of election for a device monitoring the individual’s cognitive state 

non-invasively in vigilance tasks.  

The c ircadian p rofile o f p roximal te mperature is  a nalogous to  central 

temperature, so high values could be related to states of high vigilance, which fits with 
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the relation of good inhibitory performance in the single task condition, where proximal 

temperature i s hi gher. H owever, t he i nterpretation of  hi gh pr oximal t emperature a s a  

marker o f opt imal vi gilance c an ha rdly explain our  f inding o f hi gher p roximal 

temperature w ith t ime o n t ask. T wo c omplementary e xplanations m ight be  pr ovided. 

First, it is  p ossible th at circadian r hythm d uring d aytime w as n ot fully prevented in  

Experiment 2, so the t ime on task effect was reflecting the normal temporal course of 

proximal temperature during vigil. Second, given that accuracy was not impaired with 

time on task in Experiment 2, the increment with time on task in proximal temperature 

might r eflect th e “ effort” to  ma intain a n o ptimal le vel o f v igilance to  k eep pr oper 

inhibition ove r t ime. A lthough t hese explanations r emain hi ghly s peculative s o f ar, i t 

invites further research to clarify the sensitivity of this index to different experimental 

manipulations affecting the individual’s psychological state.       

 To conclude, our  research goes beyond previous f indings by showing that skin 

temperature can be associated not only with performance in a simple RT task (Romeijn 

et a l., 2011)  but  a lso with pe rformance i n m ore c omplex vi gilance t asks r equiring 

inhibition of  responses. Furthermore, the current research shows for the f irst t ime that 

the recording of proximal temperature is sensitive to the effects of time on task and to 

variations of  m ental w orkload. Skin t emperature m onitoring of  vi gilance t herefore 

features many advantages of neuroergonomic methods (Parasuraman and Rizzo, 2007), 

such as being easy to use, non-invasive, wearable, comfortable and cheap. In addition, it 

allows m easurements ove r l ong pe riods of  t ime. F urther r esearch s hould a ddress 

sensitivity a nd s electivity of s kin te mperatures t o mo nitor a ttention f luctuations o ver 

periods shorter than 24h in natural settings and to clarify the functional interpretation of 

these indices. 
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Discusión General  

 En la presente tesis doctoral nos planteamos dos objetivos principales. En primer 

lugar, e studiar las fluctuaciones del nivel de  vigilancia en función de  t res importantes 

factores inherentes a cu alquier situación que requiere mantener la atención: el paso del 

tiempo en tarea, la hora del día y las diferencias individuales de cronotipo. En segundo 

lugar, estudiar marcadores fisiológicos asociados a l a ejecución de la tarea SART. Por 

ello, por una  pa rte, exploramos la e volución d e los co rrelatos el ectrocorticales del 

control inhibitorio de respuestas inapropiadas con el paso del tiempo en tarea mediante 

la t écnica d e p otenciales ev ocados. Por ot ra pa rte, e studiamos la s ensibilidad d e la  

temperatura d e la  p iel como ín dice fisiológico d e las variaciones en  el  n ivel d e 

vigilancia en la tarea SART.  

1. Efecto del paso del tiempo en una tarea de vigilancia e inhibición de respuesta e 

influencia de factores circadianos 

 La literatura sobre vigilancia, así como nuestra propia experiencia, nos muestra 

que conforme p asa e l t iempo en un a t area que  r equiere mantener l a atención, nuestra 

eficiencia para llevarla a cabo normalmente empeora.  

 La tarea SART está diseñada especialmente para evaluar la vigilancia mediante 

índices de  e jecución globales. La m edida pr incipal s on l os f allos e n i nhibición, 

considerados í ndices de  fluctuaciones t ransitorias de  l a a tención o l apsos (Robertson, 

Manly, A ndrade, B addeley, & Y iend, 1997) . Por t anto,  la t area S ART mide l a 

habilidad p ara m antener l a at ención p ara u na i nhibición ef icaz d e r espuestas 

inapropiadas. E n l a p resente t esis,  prolongamos la d uración d e l a t area S ART para 

investigar el efecto del paso del tiempo en tarea. 
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 Como hemos comentado anteriormente, nuestro nivel de vigilancia fluctúa a lo 

largo d el d ía. C abe esperar, p or t anto, q ue l as diferencias i ndividuales en cr onotipo 

modulen también nuestra ejecución en tareas cognitivas. Sin embargo, normalmente los 

estudios no tienen en cuenta estas diferencias individuales.  

 Nuestro obj etivo e n e l Estudio 1 f ue i nvestigar c ómo l a hor a de l dí a y e l 

cronotipo modulan el efecto del paso del tiempo en tarea en la inhibición de respuestas 

inapropiadas.  

 En cuanto a la relación entre hora del día, cronotipo y procesos de control frente 

a au tomáticos, n o ex iste co nsenso en  l a l iteratura (ej. N atale et al ., 2 003; May et al ., 

2005; Bennet et al., 2008). Esta relación la estudiamos mediante una manipulación de 

las instrucciones de la tarea, asegurando que la ejecución requería un procesamiento de 

tipo c ontrolado (estrategia P recisión) frente a  au tomático (estrategia R apidez). E n l a 

estrategia d e primar la  precisión s e obs ervaron r espuestas m ás l entas y una m ayor 

exactitud para inhibir respuestas inapropiadas mientras que en la estrategia de primar la 

rapidez se observaron respuestas más rápidas y una menor exactitud.   

 Nuestra manipulación de  l a hor a de l dí a y l as di ferencias i ndividuales e n 

cronotipo m ostró que  e l e fecto de l p aso de l t iempo e n t area e n l a i nhibición de  

respuestas inapropiadas es modulado por la hora del día y la tipología circadiana cuando 

intervienen pr ocesos controlados. E s de cir, obs ervamos e l e fecto d e s incronía en l a 

estrategia Precisión.  S in embargo, no s e observó en la estrategia Rapidez que inducía 

un procesamiento de carácter más automático.  

 En concreto, observamos que  l a ha bilidad p ara i nhibir r espuestas en l os 

participantes matutinos decreció (12 %) con el paso del tiempo en tarea en la sesión de 

tarde ( 20:00 h)  pe ro no encontramos un de terioro significativo e n l a i nhibición de  
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respuestas (3 % ) con el  p aso d el t iempo en  t area en l a s esión d e m añana (8:00 h) . 

Aunque no se observó un claro efecto de sincronía para los participantes vespertinos, el 

deterioro en la habilidad para inhibir respuestas con el paso del tiempo en tarea fue más 

acusado en su hora no óptima (11 %) en comparación con su hora óptima (7 %).  

  Robertson y Garavan (2004) sugieren que  la eficiencia para inhibir r espuestas 

inapropiadas se r elaciona con l a habilidad p ara mantener la at ención durante l a t area. 

Según e stos autores, la red f rontoparietal d e v igilancia s e en cargaría d e r egular l os 

niveles de arousal, especialmente cuando es necesario un control atencional endógeno, y 

esta comunicación en tre el  s istema d e v igilancia y el  s istema d e ar ousal p odría es tar 

mediada por  el c íngulo a nterior ( Robertson y G aravan, 2004 ). E n e sta l ínea, nuestros 

resultados del Estudio 1  sugieren que la habilidad para mantener la atención juega un  

importante papel en la inhibición de respuestas inapropiadas. 

  Por o tra p arte, nuestro e studio resalta la i mportancia d e co nsiderar no s olo el 

impacto de la h ora d el d ía en l a h abilidad p ara inhibir r espuestas i napropiadas sino 

también de  las d iferencias i ndividuales de cronotipo. Esta influencia d e f actores 

circadianos es especialmente r elevante s i t enemos en  cu enta la naturaleza de l a t area, 

observándose en tareas que requieren la participación de procesos de control. 

 En l os E studios 2 y 3  nuestro i nterés r esidía e n e l e studio de  m arcadores 

fisiológicos, y continuamos investigando el efecto del paso del tiempo en inhibición de 

respuestas i napropiadas con e l obj etivo de  r eplicar el r esultado d el E studio 1. Puesto 

que obs ervamos que l a hora de l dí a y e l c ronotipo m odulan la ej ecución en la t area 

SART, en el Estudio 2 y en el Estudio 3 (Experimento 1) las sesiones experimentales se 

realizaron a  una  hor a ne utra ( 11:00 h)  y principalmente c on pa rticipantes c on 

puntuaciones i ntermedias e n e l c uestionario de  M atutinidad-Vespertinidad. Por o tra 
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parte, las sesiones experimentales se realizaron a distintas horas en el Experimento 2 del 

Estudio 3. Teniendo e n cuenta l os di stintos estudios de l a pr esente t esis, pode mos 

observar q ue el  ef ecto del p aso d el t iempo en  t area en  l a i nhibición d e r espuestas 

inapropiadas no  fue consistente entre ellos. A continuación, se resumen los resultados 

obtenidos e n l os E studios 2 y 3  s obre e l efecto de l pa so de l t iempo e n tarea en l a 

inhibición de respuestas inapropiadas y velocidad de respuesta.  

 Exactitud para inhibir respuestas inapropiadas 

 En el  Estudio 2  observamos una  t endencia a  un a menor habilidad p ara i nhibir 

respuestas i napropiadas ( 3%) c on e l pa so d el t iempo e n t area, s in embargo, e ste 

resultado no fue significativo debido probablemente al tamaño de la muestra.  

 En el E xperimento 1 de l E studio 3 obs ervamos que  l a ha bilidad pa ra i nhibir 

respuestas d ominantes decrece con el p aso d el t iempo en  t area. E n co ncreto, l a 

eficiencia para inhibir respuestas inapropiadas decreció (6%) durante la primera media 

hora de tarea aproximadamente y después se mantuvo estable.  

 Por e l c ontrario, c uando e studiamos e l e fecto del pa so de l t iempo en t area 

evaluando a los participantes a distintas horas del día (Experimento 2 del Estudio 3), la 

habilidad para inhibir respuestas automáticas no decreció a lo largo de la tarea.  

 Velocidad de respuesta  

 Con r especto a l a v elocidad d e r espuesta, en  l a t area S ART l os t iempos d e 

reacción m ás l entos no i ndican una  pe or e jecución c omo e n l as t areas de  vi gilancia 

tradicionales. La n ecesidad d e m antener l a at ención d urante l a t area i mplica q ue l os 

participantes adopten una respuesta de carácter más controlado en los ensayos go para 

evitar fallos de inhibición. Como observamos en el Estudio 1, la estrategia Precisión se 
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caracteriza p or u na m ayor exactitud p ara i nhibir respuestas i napropiadas j unto c on  

tiempos de  r eacción m ás l entos e n c omparación c on la e strategia Rapidez, que s e 

caracteriza p or u n es tilo d e r espuesta d e c arácter m ás au tomatico, co n tiempos de  

reacción más rápidos y una menor exactitud para inhibir respuestas.   

 En l os E studios 2 y 3  l as i nstrucciones de l a t area priorizan l a i nhibición de  

respuesta sobre la velocidad de respuesta. Es decir, utilizamos las instrucciones dadas a 

los participantes en la estrategia Precisión del Estudio 1. En este sentido, cabe esperar 

que una inhibición de respuestas más eficaz se acompañe de respuestas más lentas. Con 

el paso del tiempo en tarea, una mayor dificultad para mantener la atención endógena se 

reflejaría en respuestas más rápidas y una menor exactitud para inhibir respuestas.  

 En el Estudio 2, no observamos un efecto del paso del tiempo en la velocidad de 

respuesta y, como hemos comentado, la inhibición de respuestas inapropiadas no mostró 

un efecto del paso del tiempo significativo.  

 En el Experimento 1 del Estudio 3, observamos que las respuestas se aceleran en 

el s egundo bl oque en c omparación co n l a p rimera y ú ltima m edia h ora d e l a t area, 

donde las respuestas son más lentas. Asimismo, observamos una menor exactitud para 

inhibir respuestas dominantes en el bloque 2. Esta aceleración en las respuestas puede 

reflejar una tendencia automática, asociada con una menor exactitud.  

 Por el contrario, en el Experimento 2 del Estudio 3, las respuestas en los ensayos 

go son m ás r ápidas m ientras que  l a e xactitud pa ra i nhibir r espuestas i napropiadas no  

muestra un e fecto de l p aso de l t iempo. En l a condición dua l, l a eficiencia en  l a t area 

secundaria fue r elativamente es table ( el porcentaje de  desviación de  la respuesta dada 

por los sujetos  fue 0.34 y 4.23 para los bloques 1 y 2 respectivamente). La aceleración 
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de las respuestas en la condición dual podría deberse a un efecto de práctica en la tarea 

secundaria.   

 Por una parte, los resultados del Estudio 1 s ugieren que la ejecución en la tarea 

se relaciona con el nivel de vigilancia. El efecto negativo del paso del tiempo en tarea se 

atenúa a  l a ho ra ópt ima de  l os pa rticipantes, coincidiendo c on s u ni vel ópt imo de  

vigilancia, e n comparación c on s u ho ra no ópt ima. Sin em bargo, la eficiencia en  l a 

ejecución de l a t area S ART no de pende e xclusivamente de l ni vel de  vigilancia. La 

habilidad para inhibir respuestas inapropiadas decrece debido a la dificultad para aplicar 

un control atencional continuo durante la tarea, de acuerdo con la teoría de los Recursos. 

En esta línea, también observamos un coste en la ejecución global de la tarea SART en 

una situación de doble tarea (Experimento 2 del Estudio 3).  

2. Índices electrocorticales relacionados con el efecto del paso del tiempo en tarea en 

la inhibición de respuestas inapropiadas.  

 En nue stro s egundo e studio i nvestigamos el cu rso t emporal d e l a act ividad 

electrocortical relacionada co n la i nhibición d e r espuestas correctas. En c oncreto, 

analizamos l os pot enciales P 1, N 1, N 2 y P 3. Nuestro i nterés r esidía en  ev aluar s i el  

efecto del paso del tiempo en tarea influía específicamente en los procesos relacionados 

con la selección de respuesta y control cognitivo o también en etapas de procesamiento 

más tempranas. 

 Cuando s e r equiere i nhibir una  r espuesta, l as ondas N 2 y P 3 m uestran s u 

máxima amplitud en la  región anterior del cerebro (Eimer e t a l., 1993;  Bokura e t al., 

2001; Fallgater et al., 1999). Los potenciales N2 y P3 se han interpretado como índices 

de eficiencia de la inhibición (Falkenstein et al., 1999).  
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 Con el paso del tiempo en tarea, se ha observado que la amplitud del P3 decrece 

en t areas d e v igilancia en  p aralelo co n u n d eterioro en l a d etección d e s eñales 

(Parasuraman, W arm & S ee, 1998) . E n un a t area go-nogo e spacial, K ato y 

colaboradores ( 2009) t ambién obs ervaron una  amplitud a tenuada d e l a onda  P 3, 

sugiriendo que mantener una asignación óptima de recursos en la tarea es difícil con el 

paso del tiempo (Kato et al., 2009). 

 Pocos estudios h an i nvestigado l as o ndas el ectrofisiológicas as ociadas a l a 

ejecución en la ta rea S ART o riginal. Zordan y c olaboradores (2008) o bservaron u na 

mayor amplitud en N2 y P3 en áreas centrales y frontales en los ensayos nogo (Zordan 

et al., 2008). O’Connell y colaboradores observaron además una amplitud reducida de 

las onda s N 2 y P 3 c uando s e c omete un e rror e n c omparación c on r espuestas 

correctamente i nhibidas ( O’Connell e t a l., 20 09). Sin e mbargo, e stos a utores no  

investigaron el  e fecto d el p aso d el t iempo en la ha bilidad pa ra i nhibir r espuestas 

inapropiadas.  

 De a cuerdo con nuestras predicciones en función de  estudios previos (Zordan, 

Sarlo, & Stablum, 2008; O´Connell, et al., 2009), la amplitud de las ondas N2 y P3 fue 

sensible al  ef ecto d el p aso de l t iempo e n t area, m ostrando una  a mplitud r educida. 

Aunque los índices comportamentales no mostraron un efecto claro del paso del tiempo 

en t area co mo co mentábamos an teriormente, n uestros r esultados podr ían r eflejar una  

mayor dificultad para realizar la tarea con el paso del tiempo.  Además, observamos un 

incremento e n l a a mplitud de l N 1. Benikos y colaboradores ( 2013) m anipularon l a 

dificultad d e l a t area en  u na t area g o-nogo reduciendo e l t iempo p ermitido pa ra 

responder y obs ervaron una a mplitud de l N1 m ás ne gativa e n l a c ondición de  m ayor 

dificultad. Estos autores sugieren que una amplitud del N1 más negativa podría reflejar 

una mayor distribución de recursos visuales para el procesamiento inhibitorio (Benikos, 
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Johnstone, & Rooddenrys, 2013). Nuestro resultado podría reflejar una mayor dificultad 

en la discriminación perceptiva con el paso del tiempo en tarea.   

 3. Temperatura de la piel como índice fisiológico de fluctuaciones de la 

vigilancia en una tarea de vigilancia e inhibición de respuesta 

 El registro de temperatura de l a p iel podría ser un índice f isiológico apropiado 

para medir fluctuaciones del nivel de vigilancia debido a que es una medida no invasiva, 

de bajo c oste, de f ácil ap licación y portátil, q ue p ermite ad emás r egistros d e l arga 

duración.  

 La t emperatura p roximal s e h a relacionado r ecientemente con tiempos d e 

reacción más lentos y un mayor número de lapsus atencionales en una tarea de tiempo 

de reacción simple (Romeijn & Van Someren, 2011). Esta relación es más débil para la 

temperatura distal y el gradiente distal-proximal. La temperatura proximal, por tanto, se 

ha propuesto como marcador fisiológico de fluctuaciones en vigilancia durante tareas de 

tiempo de  r eacción s imple. P or ot ra pa rte, e studios que  m anipulan l a t emperatura 

corporal han observado que los incrementos en l a t emperatura proximal se relacionan 

con un decremento de vigilancia más acusado (Raymann & Van Someren, 2007). 

 En el Estudio 3, nuestro interés residía en estudiar la relación entre fluctuaciones 

en la temperatura de la piel y variaciones del nivel de vigilancia durante la tarea SART. 

Es concreto,  si su r elación co n l a ej ecución en  tareas d e t iempo d e r eacción s imple 

podría generalizarse a tareas más complejas como la tarea SART, que requiere inhibir la 

respuesta. P ara el lo, l levamos a cabo el  E xperimento 1  ( Tarea v s N o T area) y el 

Experimento 2 (condición simple y dual). 

 El efecto del paso del tiempo en tarea se observó en todas las temperaturas de la 

piel: la  te mperatura p roximal in crementó, e l gradiente d istal-proximal decreció y l a 
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temperatura distal mostró un patrón temporal distinto en el Experimento 1 (decremento) 

y en el Experimento 2 ( incremento). La temperatura proximal difirió entre la condición 

simple y dual, siendo más alta en la simple en el último periodo de la tarea. El gradiente 

distal-proximal fue mayor en la t area dual pe ro su curso temporal no f ue di firió entre 

tareas. Por otra parte, en el Experimento 2 observamos  una relación entre temperatura 

proximal y  el gradiente d istal-proximal c on la pr ecisión pa ra i nhibir r espuestas 

inapropiadas. En particular, incrementos en la temperatura proximal se relacionaron con 

una m ayor pr ecisión pa ra i nhibir r espuestas y respuestas m ás l entas en l a c ondición 

simple mie ntras q ue el gradiente d istal-proximal m ostró una  relación ne gativa c on l a 

inhibición de respuesta en la condición simple y dual.  

 En l a pr esente t esis, he mos estudiado el e fecto de l pa so de l t iempo e n una  

importante función ejecutiva, la inhibición de respuesta, y la influencia de la hora del 

día y el cronotipo. A pesar de la importancia del efecto del paso del tiempo en tarea y de 

la i nfluencia de  l as di ferencias i ndividuales de  c ronotipo, s on poc os l os e studios que  

tienen en cuenta como interactúan modulando nuestra eficiencia en tareas que requieren 

control ejecutivo como la SART. Nuestros resultados muestran que  el e fecto del paso 

del t iempo en t area en  la habilidad para inhibir respuestas inapropiadas se atenúa a  la 

hora ópt ima de  l os pa rticipantes. En f uturos e studios, s ería i nteresante r ealizar l as 

sesiones a h oras m ás extremas ( especialmente las s esiones d e t arde) y t eniendo e n 

cuenta pa rticipantes c on c ronotipo m atutino, ve spertino e  i ntermedio (puesto que  s e 

considera el cronotipo más representativo de la población) para estudiar con más detalle 

el efecto de la hora del día en función de estas diferencias individuales.  

 Por otra parte, estudios previos con la tarea SART original no han estudiado los 

cambios e n l a a ctividad e lectrocortical relacionados c on l a ha bilidad pa ra i nhibir 

respuestas i napropiadas en f uncion d el pa so de l t iempo e n t area. E n e l E studio 2, 



DISCUSION GENERAL 

151 

observamos que  cuando s e r equiere i nhibir una  r espuesta las onda s N 1, N2 y P 3 s on 

moduladas por  e l efecto d el p aso d el t iempo en  t area. Nuestro e studio a porta 

información sobre el curso temporal de la actividad electrocortical en distintas etapas de 

procesamiento. En fu turos e studios, sería i nteresante ex plorar l a a ctividad 

electrocortical asociada al ef ecto del p aso del t iempo en  la i nhibición d e r espuestas a 

distintas hor as de l dí a y c on participantes m atutinos, i ntermedios y v espertinos para 

estudiar con m ás d etalle l a r elación en tre cam bios en  l a act ividad el ectrocortical y 

eficiencia en inhibición de respuestas con el paso del tiempo. 

 Por último, recientemente se ha observado una relacion entre temperatura de la 

piel y l a ejecucion en  u na t area d e t iempo d e r eaccion s imple, s iendo l a t emperatura 

proximal la  medida más p rometedora para p redecir f luctuaciones en  v igilancia. En el  

Estudio 3, hemos investigado si esta relación puede generalizarse a tareas de vigilancia 

que r equieren i nhibir l a r espuesta. Por o tra p arte, n o ex iste ev idencia sobre s i l as 

fluctuaciones en temperatura de la piel se asocian selectivamente con las demandas de 

la t area q ue s e r ealiza y n o se h an es tudiado l os cam bios en  el cu rso t emporal d e l a 

temperatura d e l a p iel d urante l a r ealizacion d e l a t area. Nuestros r esultados s ugieren 

que la temperatura proximal es la medida más sensible para predecir variaciones en la 

ejecución de la tarea SART. Puesto que la habilidad para inhibir respuestas inapropiadas 

no de teriora e n e l E xperimento 2, e l i ncremento e n l a t emperatura pr oximal podr ía 

reflejar un esfuerzo por mantener un ni vel de vigilancia óptimo para una inhibición de 

respuestas eficaz con el paso del tiempo en tarea.  En futuros estudios, sería interesante 

continuar estudiando esta relación en función de las demandas de la tarea.  

 El registro d e l a act ividad el éctrica d el c erebro mediante el ectroencefalografía 

puede c onsiderarse un método no i nvasivo c on una  a lta r esolución t emporal que  

proporciona una  m edida e n t iempo r eal de l e stado c ognitivo. Esta m edida r equiere el 
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desarrollo de algoritmos para reducir la contaminación de artefactos como movimientos, 

parpadeos o la interferencia de otras señales fisiológicas (Mehta y Parasuraman, 2013). 

Aunque se ha avanzado en este sentido, la temperatura de la piel tiene la ventaja de ser 

una medida más ergonómica.  

La medida de la temperatura de la piel es un método de bajo coste, no invasivo, de fácil 

aplicación, pórtatil y cómodo, que permite un r egistro continuo y de larga duración en 

contextos naturales sin interrumpir la actividad diaria (Sarabia et al ., 2008; Hasselberg 

et al., 2013). Aunque la temperatura de la piel permite un registro seguro mediante, por 

ejemplo, e l us o de  a dhesivos m édicos, e n o casiones podr ía r egistrar va lores d e 

temperatura i nexactos d ebido a  una  pé rdida de  c ontacto de l s ensor c on l a pi el. Sin 

embargo, este problema podría solventarse mediante un r egistro múltiple, con más de  

un sensor, de la temperatura de la piel  (Hasselberg et al., 2013).   

 Conclusiones 

 La hora del día y las diferencias individuales en cronotipo modulan la ejecución 

en tareas cognitivas que requieren la participación de procesos controlados.  

 El efecto d el p aso d el t iempo en  t area en  l a h abilidad p ara i nhibir r espuestas 

inapropiadas es m odulado por  e stos f actores circadianos. Teniendo e n c uenta s u 

influencia podemos mejorar la ef iciencia as i como atenuar el  efecto negativo del paso 

del t iempo e n s ituaciones de  l a vi da di aria. P or t anto, s u estudio es d e es pecial 

relevancia por e jemplo para l a evaluación y r ehabilitación neuropsicológica, e l d iseño 

de horarios laborales y académicos para un rendimiento adecuado, y en general para la 

realización de actividades que demandan control e implican un riesgo para la salud.  

 El c urso t emporal de  l a actividad el éctrica d el cerebro p odría considerarse un 

índice ne urofisiológico del ef ecto d el p aso d el t iempo en  t areas d e v igilancia q ue 
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requieren i nhibición de  r espuesta. Nuestra e xploración de  l os c orrelatos 

electrofisiológicos d el ef ecto d el p aso d el t iempo en  t area en i nhibición d e r espuesta 

sugiere que  es i mportante co nsiderar l a d inámica t emporal d e l os potenciales 

relacionados con procesos de selección de la respuesta y control cognitivo y asociados a 

etapas más tempranas del procesamiento de la información. Los cambios en la amplitud 

con el paso del tiempo podrían reflejar una mayor dificultad podrían ser un índice de la 

eficiencia del procesamiento o la asignación de recursos con el paso del tiempo en tarea.    

 La temperatura de la piel, en particular la temperatura proximal, ofrece ventajas 

como método para monitorizar fluctuaciones en vigilancia. La temperatura proximal es 

la m edida co n m ayor s ensibilidad al  ef ecto d el p aso d el t iempo, s electividad a l as 

demandas de la tarea y valor predictivo, lo que sugiere que podría ser utilizada para la 

evaluación del estado cognitivo en situaciones de vigilancia.  

 La relación d e l a t emperatura p roximal con l a ej ecución en  l a t area SART 

sugiere además que pod ría considerarse un  potencial índice f isiológico de variaciones 

en vigilancia no solo en tareas de tiempo de reacción simple sino también en tareas de 

vigilancia que  r equieren i nhibición de  r espuesta. Por t anto, l a i nvestigación s obre s u 

sensibilidad y  fiabilidad como pr edictor de  f luctuaciones en  v igilancia es  i nteresante 

debido a las posibles implicaciones prácticas en la salud y la seguridad en contextos de 

la vida diaria.  
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