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Thee influence of caffeine on sustained 
attention::  an ERP study 

Abstract t 

Thee present study investigated the effects of caffeine on sustained attention by 
measuringg concentration and fatigue. Event-related potentials (ERPs) and behavioural 
measuress were recorded from 12 participants who worked continuously for 
approximatelyy 10 minutes in a self-paced reaction task under conditions of both caffeine 
(2500 mg) and placebo. The ERP data revealed more positive frontal P2 and parietal P3 
componentss in the caffeine condition. However, a combination of different indices of the 
behaviourall  data did not reveal any effects of caffeine intake. These results suggest that 
caffeinee increases arousal, thereby reducing fatigue, as was observed in the ERP results. 
AA probable explanation for the absence of any effects of caffeine in the behavioural data 
cann be found in the demanding properties of the task that was used, thereby supporting 
evidencee for more pronounced effects of caffeine in suboptimal conditions. In addition, 
thesee results appeal for an increase in the use of ERPs in drug research, in order to 
discoverr possible effects on the brain, which do not necessarily result in behavioural 
changes. . 
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Introductio n n 

Thee aim of the present study was to examine the effects of caffeine on sustained 
attention.. Most studies that examined these effects before, have used long duration 
auditoryy and visual vigilance tasks that usually take an hour or more to complete (Fagan, 
Swift,, & Tiplady, 1988; Fine et al, 1994; Keister & McLaughlin, 1972; Lieberman, 
Wurtman,, Emde, Roberts & Coviella, 1987; Loke & Meliska, 1984). These tasks require 
thee maintenance of a high level of attention by the participants in order to detect the 
occurrencee of infrequent target stimuli in the stimulus sequence. The results of most of 
thesee studies suggest that caffeine prevents the deterioration of task performance that 
cann usually be found in placebo conditions, and increases absolute alertness levels. 
Whenn overall task performance is examined, decreased reaction times and an increase in 
thee number of hits by caffeine can normally be observed in comparison to a placebo 
condition.. However, some decline in task performance over time can not be prevented 
byy caffeine. 

Onee of the reasons why caffeine may have a beneficial effect on sustained attention 
andd vigilance decrement (a decline in the detection of targets over time) are its arousal 
increasingg properties. Evidence for this was found in a number of studies (Bruce, Scott, 
Laderr & Marks, 1986; Hasenfratz & Battig, 1994; Rail, 1990), addressing the effects of 
caffeinee on different frequency bands in the EEG. The general conclusion was that 
caffeinee intake leads to a reduction of alpha and delta power and a shift towards faster 
spectrall  components, indicating elevated levels of arousal or energy. Additional 
evidencee for an effect of caffeine on sustained attention comes from a different type of 
studiess using ERPs (event-related potentials). For example, it was found (Lorist, Snel & 
Kok,, 1994; Ruijter, Lorist & Snel, 1999) that the amplitude of the P3 component of the 
ERPP was increased by caffeine. The amplitude of this component is often said to be 
sensitivee to the allocation of available energy (Donchin, Kramer & Wickens, 1986; 
Hillyardd & Kutas, 1983; Polich & Kok, 1995). One of the effects of increased energy 
levelss is a reduction in fatigue. In a study (Lorist, Snel, Kok & Mulder, 1994) with well-
restedd and fatigued participants, it was found that caffeine counteracted the effects of 
fatigue:: ERPs of fatigued participants displayed a larger P3 amplitude for the caffeine 
conditionn compared to the placebo condition, a pattern that was not found for the well-
restedd participants. It was concluded that the effects of caffeine are most pronounced 
underr conditions of mental fatigue, whereas in well-rested participants it appears more 
difficul tt to demonstrate the effects of caffeine. 

Inn contrast to the long duration vigilance tasks that have been used to examine the 
effectss of caffeine on sustained attention, Parasuraman (1985) demonstrated that in a no-
drugg condition an obvious decay in performance could already be observed when using a 
shorterr vigilance task of 10 minutes. However, the conclusions remain contradictory; 
althoughh some researchers concluded that beneficial effects of caffeine on sustained 
attentionn can only be found in long duration vigilance tasks (Fagan et al., 1988), others 
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havee found clear effects of caffeine on different types of shorter vigilance and sustained 
attentionn tasks (Frewer & Lader, 1991; Lieberman et al., 1987; Loke, 1990; Smith, 
Rusted,, Eaton-Williams, Savory & Leathwood, 1990). For example, no effects of 
caffeinee were found in different types of a choice reaction task and a continuous 
performancee task, although trends towards such effects were observed (Fagan et al., 
1988).. In addition, no effects of caffeine were found on a short visual continuous 
performancee test, but positive effects of caffeine were found on a four-choice visual 
reactionn task in which participants had to react to every stimulus that appeared 
(Liebermann et al., 1987). Several factors may be responsible for these discrepancies, 
suchh as the amount of caffeine that was used, the task variables, the participant 
populationn or interactions with other variables (drugs, for example). However, another 
possiblee explanation is that the methods and types of dependant variables that are used 
mayy not be sensitive enough for every type of task to reveal the effects of caffeine. 
Therefore,, a different approach was used in the present study. On the basis of previous 
researchh (Van Breukelen & Souren, 1990; Van der Ven & Smit, 1989), specific 
behaviourall  parameters will be examined in addition to the classical measures that are 
normallyy used to determine task performance. 

Studiess on the effects of caffeine on sustained attention usually concentrate on two 
aspects,, namely, effects on fatigue and concentration. This is assessed by using classical 
reactionn time measurements, signal detection parameters and time-on-task effects, 
sometimess complemented by ERP measurements. The present study focuses on 
measuringg concentration and fatigue by using uncommon behavioural parameters and a 
continuouss performance task. Although the parameters are mainly based on reaction 
timee variability, similar to the classical measures, more room for improvement in the 
caffeinee condition is obtained by using a short, self-paced continuous performance task, 
inn which a response has to be given to every stimulus. Effects of caffeine on a similar 
taskk were found earlier (Lieberman et al., 1987). 

Onee of the additional performance parameters that can be determined in a 
continuouss performance task to measure fatigue, is the "mental block", also described as 
"lapsee of attention". The concept of the mental block was first described by Bills in 1931 
andd refers to the occurrence of incidentally long reaction times increasing in frequency 
ass a function of time-on-task. Furthermore, lapses of attention appear to be unavoidable, 
rhythmicc in nature and sensitive to practice and resting pauses (Bills, 1931; Sanders & 
Hoogenboom,, 1970; Van Breukelen & Souren, 1990). It was suggested that the 
frequencyy and length of lapses of attention form a more sensitive criterion of the onset of 
fatiguee than information obtained from usual reaction time measurements. Moreover, 
fatiguee tends to produce an irregularity in the flow of responses without reducing the 
actuall  number of responses per minute for periods up to one hour (Bills, 1931). 
Althoughh the cause of the mental block is still not resolved, the general opinion is that it 
iss mainly mental fatigue that causes the blocks to appear. Other parameters that will be 
examinedd in the present study include the shortest reaction time of a series, which is 
consideredd to be the actual "pure" processing time that is needed to react to a stimulus, 

93 3 



EffectsEffects of caffeine on visual attention 

andd the mean distraction time. One assumption in the theory is that a person is not 
capablee of maintaining absolute attention when performing on a rapid task for a long 
duration.. The observed processing time would thus consist of a combination of the pure 
processingg time and autonomous occurring distraction periods. This, in turn, results in a 
concentrationn measure, being a proportion of processing and distraction time. 

Thee present study aims to verify and extend the knowledge about the effects of 
caffeinee on sustained attention. A combination of different indices of behavioural data, 
suchh as the lapses of attention and measurements of ERPs will be used. Based on results 
fromm previous studies about the effects of caffeine on vigilance tasks, one prediction is 
thatt caffeine would affect the appearance of lapses of attention. That is, by increasing 
concentrationn and/or reducing fatigue, a decrease in the number of lapses or in the 
severityy of the lapses is expected under caffeine conditions. 

Method d 

Participants s 

Twelvee healthy volunteers, four men and eight women, aged 20-25 (M = 22.4, SD = 1.9) 
participatedd in this study as a requirement of a psychology course. All participants were 
right-handedright-handed non-smokers, had normal or corrected-to-normal vision, and were habitual 
coffeee drinkers accustomed to a self-reported daily caffeine ingestion ranging from 3 to 
66 cups of coffee a day (M = 4.9, SD =1.3). Participants did not work night shifts, did not 
usee prescription medication except for birth control, and reported no history of brain 
damage.. The participants in the present study were treated according to university-
regulatedd ethical standards. 

Treatmentt  manipulation 

Repeatedd measurements design was applied in order to use each participant as his/her 
ownn control, thereby minimising the impact of inter individual differences in 
performance.. All participants were asked to maintain a 12-hour abstinence of all caffeine 
containingg foods and beverages prior to the experiment. The order of treatment 
conditionss was balanced across participants. Treatment conditions consisted of 250 mg 
caffeinee or lactose dissolved in a cup of normally brewed decaffeinated coffee. To suit 
theirr own taste, participants could add sugar and milk powder to the coffee. Treatments 
weree double-blind and deceptive, that is, participants thought that they were consuming 
caffeine-containingg coffee during both experimental sessions. 
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Physiologicall  and subjective measures 

Physiologicall  and subjective measures were used to examine possible differences in 
moodd and state anxiety within participants as a result of caffeine intake. The 
questionnairess were also used to examine possible differences in subjective feelings 
betweenn the two sessions of the same participant. An automatic blood pressure device 
wass used for the blood pressure and heart rate measurements (oscillometric method, 
boso-Oscillomat). . 

AA general health checklist was used which, among other aspects, assessed to what 
extentt participants were morning or evening types (Kerkhof, 1984). Four questionnaires 
weree used to measure subjective feelings: (a) The short version of the Profile of Mood 
Statess (POMS, Wald & Mellenbergh, 1990). Participants indicated how they felt at that 
momentt for each of 32 adjectives on a 5-point scale. The five clusters of adjectives 
representedd specific mood states: depression, anger, fatigue, vigour and tension, (b) The 
statee part of the Dutch version of the State-Trait Anxiety Inventory (STAI, Van der 
Ploeg,, Defares & Spielberger, 1980) was used to measure the current level of anxiety. 
Participantss reported on 20 items on a 4-point scale, (c) A subjective workload inventory 
basedd on the NASA-TLX inventory (Damos, 1987; Hart & Staveland, 1988). The 
inventoryy items represented overall amount of workload, task difficulty, time pressure, 
mentall  effort, physical effort, frustration, stress, fatigue and type of activity. Participants 
couldd indicate on a 5-point scale how they felt, (d) A sleep quality inventory (Mulder-
Hajonidess van der Meulen, Wijnberg, Hollander & Van de Hoofdakker, 1980) was used 
too measure participants' sleep duration and quality of their sleep on the night before the 
experimentall  sessions. 

Task k 
Alll  participants completed three tasks: (1) a colour selection task (see Ruijter, de Ruiter 
&&  Snel, in press), (2) a spatial selection task (in preparation), and (3) a concentration 
taskk (Ruijter, Lorist, Snel & de Ruiter, in press) Only the concentration task will be 
discussedd in this article. The order in which the participants had to perform these tasks 
variedd according to a rolling Latin square paradigm. 

Thee concentration task used in the present paradigm, is a computer adaptation of 
thee Bourdon test (Van Breukelen & Souren, 1990). As can be seen in Figure 1, nine 
stimulii  were used, which differed in their dot positions. Three stimuli consisted of 
patternss of 3 dots, three stimuli consisted of patterns of 4 dots and three stimuli consisted 
off  patterns of 5 dots. All stimuli were presented as white dots centred against a black 
background.. The screen on which the stimuli were presented was positioned 
approximatelyy 80 cm from the participant's eyes and subtended a visual angle of 1.27°. 
AA small fixation cross was continuously present except during presentation of the 
stimulus.. All participants were tested individually in a dimly lit, sound attenuated room, 
whilee they were comfortably seated in an easy chair. Participants were instructed to react 
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ass fast and accurately as possible to each stimulus by pressing one of the two response 
buttons.. Half of the participants were instructed to respond with the left index finger on 
aa response button located at their left side when stimuli of three and five dots were 
presentedd and with the right index finger on the response button located at their right 
sidee when a pattern of four dots was presented. The other half of the participants 
respondedd with the right index finger to patterns of three or five dots presented and with 
thee left index finger to patterns of four dots. These left and right hand responses 
remainedd the same for every participant across the two sessions. By pressing the 
responsee button, the next stimulus was presented on the screen with a delay of 324 ms. 
Thee task consisted of 30 series of 27 stimuli presented in succession, without pause. In 
eachh series the nine stimuli were presented three times in a randomised order, resulting 
inn a pseudo randomised sequence of 810 stimuli. Participants performed a practice run 
off  54 stimuli followed by a pause. After that they started with the experimental task, 
whichh lasted on average approximately 10 minutes. 

Categoryy 1 Category 2 Category 3 

Categoryy 4 Category 5 Category 6 

Categoryy 7 Category 8 Category 9 

Figur ee 1 Schematic representation of the nine stimulus patterns that were used 
inn the sustained attention task. 
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Generall  procedure 
Eachh participant participated in two sessions, with an interval of approximately one 
week.. The two experimental sessions differed only in treatment manipulation and in that 
participantss completed an informed consent form and a general health questionnaire in 
thee first session. Participants arrived at the laboratory at 9.30 a.m. At this time, they 
weree asked to complete the POMS, STAI and sleep quality questionnaires and their 
bloodd pressure and heart rate were measured. Thereafter, they consumed their coffee, the 
electrodess were applied and subsequently participants were seated in the experimental 
room.. Approximately 40 minutes after the coffee consumption participants started with 
thee experimental tasks. The tasks continued for about 1 hour, after which participants 
againn completed the POMS and STAI, as well as the subjective task load inventory, and 
bloodd pressure and heart rate were measured a second time. Finally, the electrodes were 
removedd and the participants were thanked for their participation. 

Recordings s 
Thee EEG was recorded from 30 tin electrodes attached in an electrocap according to the 
10/200 system (American Electroencephalographic Society, 1991). The following 
electrodee locations were used: Fpl, Fpz, Fp2, AFz, F7, F3, Fz, F4, F8, FC5, FC6, T7, 
C3,, Cz, C4, T8, CP5, CP1, CP2, CP6, P7, P3, Pz, P4, P8, P03, P04, Ol, Oz and 02. To 
monitorr vertical and horizontal EOG activity, electrodes were attached above and below 
thee right eye and at the outer canthi of both eyes. The right mastoid was used as a 
referencee electrode and an electrode placed at the right side of the nose was used as 
ground.. The signals were amplified by a Nihon-Kohden Neurotop amplifier (MME-3100 
series)) with a low-pass filter set at 35 Hz and a time constant of 2.5 s and continuously 
digitallyy sampled and stored at 250 Hz on a Compaq Pro Linea PC with the CMSP 
programm developed at the Psychonomics Department. 

Dataa reduction and statistical analyses 

BehaviouralBehavioural measurements 

Bourdon-SourenBourdon-Souren analysis Behavioural measurements were analysed according to the 
proceduree described by Van Breukelen and Somen (1990) and Van der Ven and Smit 
(1989),, who studied a paper and pencil version of this task and determined some 
methodss for analysing behavioural data that proved reliable and useful in addition to the 
classicall  behavioural measures to reveal effects on concentration and fatigue. The new 
variabless are based on the "pure" processing time of stimuli, which is represented by the 
shortestt RT, a variable distraction time (the time added to the shortest RT) and the lapses 
off  attention. 
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Thee stimulus sequence was divided into "series". Each series contained 27 stimuli 
andd represented progressing time points. The statistical measures were determined for 
everyy series separately, using the reaction times to the stimuli within that particular 
series.. The first series of 27 stimuli was regarded as an extra practice series and was 
discardedd from further analyses, resulting in 29 series for statistical analysis. For each 
seriess the following measures were determined: (a) the total reaction time, (b) the mean 
reactionn time, (c) the shortest reaction time, (d) the mean distraction time (derived by 
subtractingg the shortest reaction time from the mean reaction time), (e) a concentration 
measuree (defined as a proportion of processing and distraction time, derived by dividing 
thee shortest reaction time by the mean distraction time), (f) the number of lapses of 
attentionn (defined as a reaction time twice or more the mean reaction time), and (g) the 
numberr of false alarms (defined as a reaction with an incorrect button press). Statistical 
analysess for the above mentioned variables (a) to (e), were performed using an ANOVA 
repeatedd measures, Treatment (2: placebo/caffeine) x Series (29) design, in which linear 
andd quadratic trends were tested. The total number of lapses of attention and the mean 
reactionn times and standard deviations on lapses of attention over all trials were analysed 
inn an ANOVA, Treatment (2) design. 

ClassicalClassical analysis Behavioural measures were analysed using mean reaction times 
andd mean number of hits for each type of the nine stimulus patterns (categories). Button 
pressess were classified as hits if they occurred in a 200-1000 ms time period after the 
onsett of the stimulus presentation. A second criterion for a hit was that reaction times 
hadd to fall within a range of 2.5 SD from each participant's mean reaction time. Button 
pressess on the wrong button were classified as false alarms. Furthermore, reaction times 
onn trials with rejected EEG measurements (defined below) were excluded from analysis. 
Overalll  comparison between reaction times and number of hits for both treatment 
conditionss and the nine categories was done with a MANOVA , repeated measurements 
design,, using the exact F-transformations of Hotellings T2 in the following design: 
Treatmentt (2) x Category (9). 

Time-on-taskTime-on-task analysis An additional analysis was used to determine the effects of 
caffeinee on the time-on-task effect. Three intervals, each containing 50 trials, were 
selectedd for each participant individually to represent the beginning, the middle, and the 
endd of the task, thereby allowing some individual differences in absolute time that had 
passedd since the beginning of the task. Fifty trials were selected from the 50th trial 
onwardss and averaged to time 1. Time 2 consisted of the average of 25 trials before and 
244 trials after the trial that represented the middle trial from the total number of trials for 
thatt particular participant. Time 3 consisted of the last 50 trials of the task averaged 
together.. Statistical analyses of the mean reaction times were done with a Treatment (2) 
xx Time (3) repeated measurements MANOVA, using the exact F-transformations of 
Hotellingss T2. 
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EEGEEG measurements 

ClassicalClassical analysis Trials with incorrect behavioural responses as defined above were 
excludedd from analysis. Trials containing amplifier blocking or in which the EEG 
showedd flat lines (no voltage fluctuation for a period of more than 40 ms) were detected 
automaticallyy and omitted from further analysis. Ocular artefact in the EEG was 
controlledd using regression analysis in the frequency domain (Woestenburg, Verbaten & 
Slangen,, 1983). After EOG correction all intervals containing movement artefacts 
(changee in amplitude of more than 40 /iV between two adjacent samples) or electrical 
driftss (difference between lowest and highest amplitude more than 100 pV within one 
trial,, 256 samples) were excluded from further analyses. For each participant, average 
stimulus-lockedd ERPs were computed separately at each scalp location for each of the 
ninee stimulus categories and for both treatment conditions. The averaging epochs lasted 
forr 924 ms poststimulus, using a 100 ms prestimulus period as a baseline. 

Thee ERP components of interest, shown by earlier research to be sensitive to the 
effectss of caffeine (Lorist, Snel, Kok & Mulder, 1994, 1996; Ruijter, de Ruiter et al., in 
press)) were the frontal P2 component, and the parietal P3 component. Mean amplitude 
valuess for the P2 were determined on leads AFz, Fz, F3 and F4 for a time period of 40 
mss (200 - 240 ms poststimulus). Mean amplitude values for the P3 were determined on 
leadd Pz, for two time periods of 100 ms (420-516 and 520-616 ms poststimulus). 
Repeated-measuress multivariate analyses of variance (MANOVAs) were performed on 
meann amplitudes for the most prominent ERP peaks, using the exact F-transformations 
off  Hotellings T2. The MANOVA design for the P2 component was the following: 
Treatmentt (2) x Lead (4) x Category (9). The ANOVA design to analyse the P3 
componentt was Treatment (2). 

Bourdon-SourenBourdon-Souren and time-on-task analysis Due to the diminished numbers of 
trialss for these analyses, ERPs were digitally low-pass filtered at 19.5 Hz prior to 
subsequentt processing and analysis. Mean amplitudes of ERPs on lapses of attention as 
welll  as mean amplitudes of ERPs for the different time intervals were computed as 
follows:: ERPs were averaged for 6 time periods of 48 or 52 ms each, from 100 to 412 
mss poststimulus and 5 periods of 100 ms each, from 416 to 916 ms poststimulus, for 5 
midlinee leads (Afz, Fz, Cz, Pz, Oz) and both treatment conditions separately. These 
variabless were then submitted to statistical analysis in the following MANOVA design 
forr repeated measurements; for the analysis of lapses of attention: Treatment (2) x Lead 
(5)) x Category (2: lapses of attention/grand average ERPs without lapses) and for the 
time-on-taskk analysis: Treatment (2) x Lead (5) x Time (3). When the main design 
indicatedd a significant interaction (a < .05) between a variable and Lead, additional 
analysess were performed for that variable for each midline lead separately. It holds for 
alll  ERP analyses that a significance level of a a < .05 was used. In addition, possible 
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significantt interactions of Treatment with Lead, if present in the multivariate analyses, 
weree followed by a second MANOVA with normalised data (according to the vector 
lengthh scaling method proposed by McCarthy & Wood (1985), to assess scalp 
topographicc differences. Interactions with location were only reported if the interactions 
remainedd significant after normalisation. Main effects of Lead will not be discussed 
here. . 

Results s 

Subjectivee and physiological measurements 

Participantss reported no differences in their quality of sleep on the night before the 
experimentall  sessions. The items from the task load inventory were analysed separately. 
Participantss reported no significant differences between the caffeine and placebo 
conditionn on subjective effort needed to perform the set of tasks. There were neither 
differencess in mood (as measured with the POMS and the STAI) between the conditions 
ass measured at the arrival of the participants, nor differences in mood due to Treatment 
ass measured at the end of the experimental sessions. Averaged over conditions 
participantss felt more fatigued, F (1,11) = 9.52, p = .010, and less vigorous, F (1,11) = 
14.49,, p = .003, at the end of the experiment compared to the start of the experiment. 
Theree were no significant changes in systole-and diastole blood pressure or heart rate as 
aa result of caffeine intake. 

Behaviorall  measurements 

Bourdon-SourenBourdon-Souren analysis 
Analysess of the concentration variable revealed a linear trend for the Series factor, F 
(1,22)) = 11.63, p = .003, as can be seen in Figure 2, indicating a decrease in 
concentrationn over time. A trend towards a linear effect for the Series factor was found 
forr the distraction variable, F (1,22) = 4.22, p = .052, indicating an increase in 
distractionn over time. No main effects of linear or quadratic trends for any of the 
variabless were found for the Treatment factor or interactions between Treatment and 
Series.. Behavioural data and ERP data for lapses of attention were analysed for ten of 
thee participants only, since lapses of attention could not be observed in either one of the 
twoo treatment conditions for two of the participants. The number of lapses of attention 
andd the number of false alarms did not reveal any significant effects of Treatment, Series 
(indicatingg no differences over time) or interactions between those variables. Mean 
reactionn times and standard deviations to lapses of attention were not significantly 
differentt for the treatment conditions. An overview of these results and those from the 
classicall  analyses can also be found in Table 1. 
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Figur ee 2 Mean concentration scores for the placebo and caffeine conditions as 
aa function of time (Series). 

Tablee 1 An overview of a selection of the performance data (  SD). 

Placeboo (SD) Caffeinee (SD) 

Meann RT in ms (n=12) 514.2 (76.6) 510.7 (47.4) 
Meann number of hits per category (n=12) 71.2(12.0) 73.6(13.7) 
Meann number of false alarms per category (n=12) 36.3(32.6) 34.7(17.9) 
Meann RT to lapses in ms (n=10) 1367.5 (252.5) 1313.2 (246.8) 
Meann number of lapses (n=10) 7.3(9.6) 7.0(8.1) 

ClassicalClassical analysis 
Analysingg the total number of hits and reaction times to all stimuli, it was revealed that 
averagedd over all categories there were no main effects of Treatment, and no interactions 
betweenn Treatment and Category. There was, however, a main effect of Category on the 
meann reaction times, F (4,8) = 45.37, p = .001, as well as on the mean number of hits per 
category,, F (4,8) = 10.29, p = .020. Participants reacted fastest on patterns of five dots 
(MM = 494.5, SD = 59.4) and had the most hits on these patterns (M = 74.8, SD = 11.6), 
patternss of three dots were reacted to with an intermediate level of reaction times (M = 
503.2,, SD = 53.0) and mean number of hits per category (M = 74.2, SD = 11.0), while 
thee responses to patterns of four dots were the slowest (M = 539.6, SD - 57.2) and had 
thee smallest mean number of hits (M = 68.1, SD = 12.1). There were no significant 
differencess in reaction times between the two hands. 
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Time-on-taskTime-on-task analysis 
AA representation of the time-on-task effects can be seen in Figure 3. Mean reaction times 
showedd a main effect of time-on-task, F (2,10) = 13.30, p - .002, with the beginning of 
thee task showing intermediate reaction times (M = 513.0, SD = 56.8), slower reaction 
timess during the middle of the task (M = 519.3, SD - 59.9) and the fastest reaction times 
att the end of the experimental task (M = 506.0, SD - 60.8). No main effect of Treatment 
andd no interactions between Treatment and Time were observed. 
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Figur ee 3 Time-on-task effects expressed in mean reaction times for the placebo 
andd caffeine conditions. 

ERPP measurements 

ClassicalClassical analysis 
Figuree 4 depicts the grand average ERPs for the Afz, Fz, F3 and F4 leads for the placebo 
andd caffeine condition superimposed, averaged over Category. The early frontal positive 
waveformm (200-240 ms) showed a significant effect of Treatment, F (1,11) = 6.12, p = 
.031,, with the waveform being more positive in the caffeine condition compared to the 
placeboo condition. Although it might seem that the effect in this time-interval is part of a 
broaderr positivity that is longer in duration, additional analysis of other time-intervals 
didd not reveal any significant treatment effects, probably due to increasing standard 
deviations. . 

 Placebo 

e e 

102 2 



ChapterChapter 5: Influence of caffeine on sustained attention 

placebo o 
caffeine e 

4nV V 

- 1 — i — i — i — i — i — i — i — i — r r 
00 200 400 600 800 

msec c 

Figur ee 4 Grand average ERPs for the Afz, Fz, F3 and F4 scalp locations. 
Superimposedd are ERPs for the placebo and caffeine condition, averaged over 
Category. . 
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Figur ee 5 Grand average ERPs for the Pz scalp location. Superimposed are 
ERPss for the placebo and caffeine condition, averaged over Category. 
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Inn Figure 5 the late positive parietal complex is shown on lead Pz for the placebo 
andd the caffeine condition superimposed, averaged over Category. A main effect of 
Treatmentt was observed for the 520-616 ms time period, F (1,11) = 5.82, p - .034, with 
thee caffeine condition showing a more positive going wave form compared to the 
placeboo condition. In this time period a main effect of Category was observed as well, F 
(4,8)) = 75.64, p = .000, as can be seen in Figure 6. Results showed that the amplitudes 
onn Category 1, 2 and 3 (stimuli presenting 4 dots) were more positive compared to 
amplitudess on the remaining categories, which were more comparable in amplitude. No 
interactionss between Treatment and Category were observed. 
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Figur ee 6 Grand average ERPs for the Pz scalp location. Superimposed are 
ERPss for the different categories (stimulus patterns), averaged over treatment 
conditions. . 

AnalysisAnalysis of lapses of attention 
AA total number of 73 and 70 lapses of attention were observed for the placebo and 
caffeinee condition, respectively. Although this number is not very high, it is enough to 
obtainn reliable ERPs, especially for the later, more robust components such as the P3. A 
significantsignificant effect of Treatment was found in the Treatment (2) x Lead (5) x Category (2: 
lapsess of attention/grand average ERPs without lapses) design, but no effects of 
Treatmentt were found in an added post-hoc analysis involving only the ERPs to lapses 
off  attention (Treatment x Lead). A main effect of Category was found from 100-152 ms 
poststimulus,, F (1,9) = 5.90, p = .038, as can be seen in Figure 7, with the ERPs to 
lapsess of attention showing a more negative going mean amplitude compared to the 
grandd average ERPs (averaged over treatment conditions). In addition, a significant 
interactionn of Category and Lead was found from 520-616 ms, F (4,6) = 4.90, p = .042. 
Analysingg the effects of Category in this time period for the Leads separately, it was 
revealedd that lead Afz accounted for the observed difference, F (1,9) = 3.78, p - .084, 
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whilee effects of Category did not show trends towards significant effects on other 
midlinee leads. No interactions of Treatment with Lead were observed. 
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Figur ee 7 Averaged ERPs over five midline leads and both treatment conditions. 
Superimposedd are the grand average ERP and the average ERP to lapses of 
attention. . 

Time-on-taskTime-on-task analysis 
Statisticall  tests of mean amplitudes of ERPs to the different time intervals, Leads and 
bothh Treatment conditions revealed three main effects for Time, from 156-204 ms, F 
(2,10)) = 4.54, p = .040, and from 312-360 and 364-412 ms after stimulus presentation, F 
(2,10)) = 4.95-5.67, p = .032-.023. The time-on-task effects for the ERPs can be seen in 
Figuress 8 (placebo condition) and 9 (caffeine condition). Averaged over conditions, this 
effectt displayed the largest amplitude for time 1 (the beginning of the task), the smallest 
amplitudee for time 2 (the middle of the task) and an intermediate amplitude for time 3 
(thee end of the task) for the time intervals of 156-204 and 312-360 ms. For the 364-412 
mss time period this effect was somewhat different, with the beginning of the task 
showingg the largest amplitude, followed by the middle and the end of the task. A trend 
towardss a significant effect of Treatment (averaged over time) was observed in the 416-
5166 ms time period, F (1,11) = 4.51, p = .057, with the caffeine condition showing a 
moree positive going ERP compared to the placebo condition. However, this effect may 
reveall  an extension of the observed influence of caffeine on the parietal P3 component, 
whichh was found to have a very broad scalp distribution. No interactions of Treatment or 
Timee with Lead were observed. 
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Figur ee 8 Averaged ERPs over five midline leads for the placebo condition. 
Superimposedd are ERPs to the different time intervals. 
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Figur ee 9 Averaged ERPs over five midline leads for the caffeine condition. 
Superimposedd are ERPs to the different time intervals. 
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Discussion n 

Thee present study examined the effects of caffeine intake on sustained attention. A self-
pacedd reaction time task was used in both a placebo and a caffeine condition, followed 
byy a broad spectrum of analyses of the behavioural results and ERPs. 

ERPP results showed the expected effects of caffeine on mean amplitudes. The 
frontall  P2 and the parietal P3 component were both more positive under caffeine 
conditionss than under placebo conditions. The effects of caffeine on the parietal P3 
componentt that were found in the present study are similar to results that were 
previouslyy found. For example, it was found that the P3 amplitude for a 7.5 mg/kg dose 
(Ruijter,, Lorist et al., 1999) and for a 200 + 50 mg dose (Lorist, Snel & Kok, 1994) of 
caffeinee was significantly larger than for the placebo condition. The parietal P3 
componentt is thought to be influenced by fluctuations in cortical arousal level (Donchin 
ett al., 1986; Hillyard & Kutas, 1983; Polich & Kok, 1995). An increase of this 
componentt by caffeine could therefore suggest more caffeine induced activity for 
informationn processing, which is in accordance with the statement from another study 
thatt an increased positivity of the P3 component reflects heightened information 
processingg (Johnson, 1986). 

Ann increase in frontal P2 amplitude by caffeine has also been found in some other 
studiess (Lorist, Snel, Kok & Mulder, 1994; Ruijter, de Ruiter et al., in press; Ruijter, 
Loristt et al., 1999). Based on results obtained from CSD and spline maps (Ruijter, de 
Ruiterr et al., in press), the authors concluded that the probable generator area for this 
caffeinee effect in the brain could be a frontally based source. The prefrontal cortex is 
saidd to be related to working memory and to higher level control- and co-ordination 
mechanismss (for an overview see Wickelgren, 1997). The present study may appeal to 
thesee mechanisms via the need for rapid decision making, regarding which hand should 
bee used to react with (on the basis of stimulus information) and to switch from hand to 
handd to execute the correct motor response. 

Remarkablee is the fact that the caffeine effects on the ERPs were not supported by 
thee behavioural data. Neither the analyses according to the Bourdon-Souren methods, 
thee lapses of attention and the time-on-task effects, nor the classical analyses revealed 
anyy significant Treatment effects. Multiple factors may influence the performance 
deteriorationn in vigilance tasks, one of those being the capacity limitations 
(Parasuraman,, 1979, 1985). As stated in the introduction, this may explain why caffeine 
normallyy improves vigilance performance. However, other authors argue that the 
absolutee overall performance in vigilance tasks is mainly determined by the difficulty of 
thee task (Koelega & Verbaten, 1991). The task used in the present study was probably 
moree difficult and demanding than normal vigilance tasks, because of the fact that a 
reactionn had to be given to every stimulus and a rapid decision had to be made regarding 
whichh hand to respond with. The effects of caffeine may more easily be assessed on 
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simplee tasks, were it prevents performance degradation by keeping up the motivation 
and/orr counteracting the effects of fatigue (Fagan et al., 1988). In contrast, when task 
demandss are sufficiently energising, caffeine may have no additional influence on 
performance.. This may explain why no improvements in performance levels were found 
inn the present study. More support for this hypothesis comes from a study (Lorist, Snel, 
Kokk & Mulder, 1996), in which no effects of caffeine were found on reaction times in a 
highh display load condition, while a low display load did reveal significant differences. 
Inn addition, decrements in primary task performance may not always be observed due to 
thee so-called "performance-protection strategy" of participants (Hockey, 1993). In the 
presentt study the behavioural data from both treatment conditions point to the same 
strategy;; no differences in number of false alarms or concentration levels were observed, 
whilee the pattern of lapses of attention over time is comparable for both conditions. 
However,, secondary patterns of degradation might be observed (Hockey, 1993). One of 
those,, applicable to sustained attention tasks, is the fatigue-after effect. In the present 
study,, caffeine may have influenced these after-effects: participants may have been less 
tiredd after task performance than in the placebo condition. However, no effects of 
caffeinee ingestion were found in the answers to the questionnaire measuring subjective 
effortt to perform the tasks. But this may have been caused by the fact that the 
participantss filled out the questionnaire after completing a one-hour set of tasks rather 
thann immediately after performance on the sustained attention task. 

Inn sum, fatigue can be manifested in different ways. With caffeine counteracting 
thee effects of fatigue, the effects on task performance may be expressed in various ways 
ass well. In the present study the effects of caffeine were absent in the behavioural 
measurements,, but were manifest in the ERP data. These results support the hypothesis 
thatt effects of caffeine on behavioural measures are probably easier to discern in 
suboptimall  conditions, for example with fatigued participants or when using less 
arousingg tasks. 

Thee mean reaction times and the mean number of hits differed significantly 
betweenn the different stimulus patterns that were used. Participants reacted fastest and 
hadd the highest number of hits on patterns of five dots. Intermediate levels were found 
forr patterns of three dots, whereas the reaction times were longest and the number of hits 
wass lowest to patterns of four dots. These effects were independent of the hand with 
whichh the participants had to react to the different stimulus patterns. Based on these 
results,, a probable assumption might be that the patterns of four dots were the most 
difficultt to process. In the ERP results, differences between stimulus patterns were also 
observed:: in the P3 peak area, a more positive amplitude for stimuli of four dots was 
foundd compared to amplitudes of patterns of three or five dots. However, in contrast to 
thee conclusion based on the behavioural results, many researchers have observed smaller 
P33 amplitudes as task conditions become more difficult (for an overview see Kok, 
1997),, indicating that the patterns of four dots were the easiest to process. Smaller P3 
amplitudess were observed, for example, in conditions with a smaller target probability, a 
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higherr memory load or with the addition of a secondary task. However, alternative 
explanationss for these observations were also presented (Kok, 1997), such as "data-
limitation""  (a sensory limitation) or the possibility that difficult tasks activate processes 
thatt could interfere with target identification. Support for these alternative explanations 
comess from a study in which equiprobable stimulus categories were used (Ullsperger, 
Metzz & Gille, 1988). In this study, an increase in P3 amplitude was found with 
increasingg difficulty of the stimulus categories and a positive correlation was observed 
betweenn the subjective feelings of effort that were needed to perform the task and the 
degreee of difficulty of the stimulus categories. Following this rationale, the P3 
amplitudess that were observed in the present study in reaction to the different dot 
patterns,, may also represent the degree of difficulty of processing, indicating that the 
patternss of four dots were the most difficult. In addition, category three might be even 
moree difficult than categories one and two (see Figure 6). Although it is known that 
patternss of less than 6 dots are usually processed "automatically", it cannot be ruled out 
thatt pattern recognition and perceptual organisation was more difficult for certain 
patternss as compared to the others. One might argue that the most dissimilar ERP 
waveformm (Figure 1, category 3) belongs to the pattern that intuitively also seems the 
mostt difficult to recognise. In addition to the P3 amplitude, the P3 latency also supports 
thiss hypothesis. The latency of this component is often said to represent the speed of 
stimuluss evaluation. Although the P3 latencies were not separately calculated for all 
stimuluss categories, it can be speculated from Figure 6 that the latencies of the patterns 
withh three and five dots are earliest and more or less comparable, followed by the P3 
latencyy to categories one and two and an even longer latency for category 3. This would 
confirmm the same pattern of difficulty: patterns of three and five dots are easiest to 
recognisee and process, followed by categories one and two of four dots, while category 
threee of four dots seems the most difficult. 

Thee conclusion from the ERP results might be that caffeine increases arousal, 
therebyy reducing fatigue or counteracting boredom, as can be seen in the more positive 
goingg amplitudes of the P2 and P3 components of the ERP. However, the benefit of the 
extraa processing capacity could not be observed in the behavioural data because the task 
wass probably arousing enough in itself. These results support evidence that the arousal 
increasingg effects of caffeine are probably more easily demonstrated in suboptimal 
conditions.. In addition, these results appeal for an increase in the use of ERPs in drug 
research,, in order to determine possible effects on the brain, which do not necessarily 
resultt in behavioural changes. 
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