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Abstract. Two tests were made of  the withdrawal-relief 
explanation of  the improvements in performance ob- 
tained with smoking. Study 1 examined the extent to 
which abstinence from smoking produced poorer perfor- 
mance in smokers in comparison with non-smokers. No 
evidence was obtained of differences in performance in 
smokers who were deprived of cigarettes for 10 h and 
non-smokers. Study 2 tested smokers with a standard cig- 
arette or sham smoking after one hour and 12 h of depri- 
vation. There was no difference in performance for the 
two deprivation intervals either in the sham smoking con- 
dition, or after smoking the lit cigarette. This study gave 
no evidence for withdrawal-relief being an explanation of 
the improvements in performance obtained with smoking. 
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One of the most commonly given reasons for smoking is 
that it helps concentration. In laboratory studies, smok- 
ing prevented the decrement found in visual vigilance 
(Wesnes and Warburton 1978, 1983, 1984a,b) and audi- 
tory vigilance (Wesnes and Warburton 1978; Mangan 
1982). In a typical study, smokers deprived for 10 h per- 
formed the task for 10 rain as baseline, then had a 10- 
rain break followed by 20 rain of  the task. Both speed 
and accuracy of performance were increased above base- 
line levels when a cigarette was smoked in the interval. 
Performance showed a marked decrement not only in the 
not-smoking condition but also with a nicotine-free ciga- 
rette; thus, it is likely that nicotine is the constituent of  
cigarette smoke causing performance improvements 
(Wesnes and Warburton 1983, 1984a). Improvements 
were also obtained with nicotine tablets (Wesnes et al. 
t983; Wesnes and Warburton 1984b). More recently, 
there were puff-by-puff  improvements in sustained at- 
tention when smokers took puffs from cigarettes during 
pauses in the task (Revell 1988). 
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A common criticism of these studies was that the sub- 
jects in the study were deprived of nicotine for 10-12 h 
prior to testing. Thus, it is argued that the baseline data 
reflect performance under conditions of  nicotine with- 
drawal and that the improvements in performance were 
due to withdrawal-relief and not due to an absolute en- 
hancement of performance with nicotine (Snyder et al. 
1989; West 1993). 

In the present paper, we present the results of two 
studies which were designed to examine the effects on 
performance of nicotine abstinence in smokers com- 
pared with that of  non-smokers and to test the effects of  
smoking after minimum deprivation, i.e. at a time before 
any evidence of  "nicotine withdrawal" had been report- 
ed. 

Experiment 1 

The first study tested the hypothesis that deprived smok- 
ers go into "performance withdrawal" and that smoking 
only restores their performance to "normal" levels, i.e. 
that of  non-smokers, withdrawal-relief. 

Materials and methods 

Subjects.Two hundred male subjects completed the study, 100 non- 
smokers and 100 smokers. All were students aged between 18 and 
21 years (mean age 19 years). All the smokers used 15 or more 
non-low tar cigarettes per day. The machine-estimated yields of 
their usual brands ranged from 12 to 18 mg tar and 1.2 to 1.5 mg 
nicotine. Prior to testing the smokers were deprived of cigarettes 
for 10 h overnight as in the studies of Wesnes and Warburton 
(1978, 1983, 1984a). The study was "not disallowed" by the Uni- 
versity Ethics Committee. Informed consent to participate was ob- 
tained prior to admission to the study. 

Procedure. A version of the Rapid Visual Information-Processing 
(RVIP) ~lhsk was employed. Single digits between 1 and 8 were 
presented on a monitor at a rate of 100 per rain. The same number 
never occurred twice in succession and within this sequence there 
were "targets" of three odd or three even numbers. The targets 
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were programmed to occur eight times in each minute of the task, 
with four odd targets and four even targets per minute appearing in 
a random order and at random times within the minute. The target 
sequences were separated by a minimum of two digits. 

The subjects were required to press a response button every 
time they saw a target sequence. Three measures of performance 
were recorded: the number of correct detections, ' reaction times 
and the number of commission errors. A response was recorded as 
a correct detection if it fell within 1200 ms of the onset of the 
third digit of a target sequence. 

Design. Two training sessions were given to establish a stable level 
of performance. Subjects were tested for 10 min, between 8 a.m. 
and 1 t a.m. Subjects attended the experimental sessions at the 
same time each morning. Subjects were required to abstain from 
smoking for 10 h (if smokers), from caffeine from the night before 
and from alcohol ~br 24 h before. End-tidal carbon monoxide was 
measured before each session to check abstinence from smoking 
and a cut-off point of two percent was applied. There were no vio- 
lations of the abstinence restrictions. 

Resul~ 

Correct detections. The mean CotTect detection probabili-  
ty for non-smokers  was 0.84 versus 0.86 for smokers. An 
independent-sample  t test revealed no significant differ- 
ences (t = 0.2464; P>0.58, with dr= 198). 

Reaction time. The mean  reaction times for the task were 
469 ms (non-smokers)  and 473 ms (smokers). An  inde- 
pendent-sample  t test revealed no significant differences 
(t = 0.2355; P>0.40,  with df= 198). 

Commission errors. The mean number  of commiss ion  er- 
rors for the task were 0.69 (non-smokers)  and 0.67 
(smokers). An  independent-sample  t test revealed there 
were no significant differences (t = 0.2653; P>0.30, df= 
198). 

Discussion 

It is clear that there were no differences between smok- 
ers and non-smokers  on the three measures in the 10 min  
RVIP Task. These f indings are consistent  with a much 
smaller study of smoking dur ing an 80-rain, visual  vigi- 
lance task (Wesnes and Warburton 1978), in which a 
compar ison of  12 deprived smokers and 12 non-smokers  
revealed no significant  difference between deprived 
smokers and non-smokers  in their vigi lance decrement.  
In  contrast, smoking main ta ined  the performance of 
smokers. 

Experiment 2 

The "nicot ine withdrawal" syndrome of changes in per- 
formance and mood is said to be detectable after 2 or 3 h 
of abst inence in some smokers (Amer ican  Psychiatric 
Associat ion 1987). Consequent ly,  abst inence for 3 h or 
less has been defined as min imal  deprivation (Warburton 
1990). 

The second study was designed to compare the per- 
formance of smokers who were deprived for 10 h or 
more with 1 h deprived smokers, i.e. min imal ly  de- 
prived. Zero deprivation was not considered, because of 
the possible nauseat ing effects of two cigarettes in suc- 
cession. 

Materials and methods 

Subjects. Twenty subjects completed the study, ten male and ten fe- 
male. All were students aged between I8 and 21 years. Atl were 
smokers of 15 or more non-low tar cigarettes per day. The ma- 
chine-estimated yields of their usual brands ranged from 12 to t 8 
mg total particulate matter and from 1.2 to 1.5 mg nicotine. The 
subjects were screened for cotour blindness. 

Cigarettes. A conventionally constructed, experimental cigarette 
was used in the present study. It had a machine-smoked yield of 
1.5 mg nicotine and 14.2 mg total particulate matter. This cigarette 
was selected as representing the nicotine yields normally encoun- 
tered by smokers of non-low tar products. 

P~vcedure. The task was adapted from the RVIP task which was 
employed in experiment 1. As before, measures of both the speed 
and the accuracy of detection of target sequences of three odd or 
three even digits, but adaptation was necessary in order to enable 
performance to be measured while they were smoking cigarettes 
(Revel11988). 

After 5 min performance on the task without smoking, the 
numbers changed from white to red for 16 numbers (9.6 s) as a 
signal for the subject to light and puff from the cigarette. At the 
beginning of the next 8 min, i.e. minutes 7-14, 12 numbers ap- 
peared in green, over a period of 7.2 s, to signal the subject to take 
one puff from the cigarette. At the beginning of minute 15, 16 
numbers appeared in yellow for 9.6 s, during which time the sub- 
ject took the last puff and extinguished the cigarette. 

The subjects were trained to perform the task continuously 
throughout this 10-min smoking period, regardless of the colour 
of the numbers. Since the act of smoking could have distracted 
the subjects from the task, performance during the smoking peri- 
ods (when the digits appeared in colour) was not included in the 
analyses. The task was constrained such that there were always 
eight targets during the remaining 50.4 s following lighting up. 
Targets appeared at random during the smoking periods, in order 
to maintain the subjects' attention, particularly in the not-smok- 
ing condition when they only had the task to deal with. The task 
continued without colour changes for the last 5 min of the ses- 
sion. 

Design. Three training sessions were given to establish a stable 
level of performance in the subjects. The first and third were 
smoking sessions and the second was a sham-smoking practice in 
which the subjects puffed on an unlit cigarette. There were four 
experimental sessions rewesenting a complete factorial crossing 
of smoking/sham smoking with 1 h deprived and I2 h depriva- 
tion. Session order was counterbalanced across subjects. Sham 
smoking was used as a control for the tactile component of smok- 
ing. 

All subjects attended the experimental sessions at the same 
time each morning. They were all required to abstain from alcohol 
and caffeine from the night before. End-tidal carbon monoxide 
was measured before each session to check for compliance with 
12 h abstinence and 1 h deprivation. For overnight abstinence, a 
2% cutpoint was applied. There were no violations of the 12 h ab- 
stinence restrictions. One subject, who had a low value in the 1 h 
condition, smoked his own cigarette in the laboratory and returned 
1 h later for testing. 



Results 

The data were analyzed minute-by-minute, i.e. puff-by- 
puff using a factorial analysis of variance for rain 6-15. 
The P-values were corrected for the possibility that the 
correlations among pairs of the repeated variable were 
not constant, using the Greenhouse-Geisser procedure 
(Greenhouse and Geisser 1959). 

Correct detections. The mean number of correct detec- 
tions were 5.24 for the sham smoking condition with 1 h 
of deprivation and 5.36 with 12 h of deprivation. After 
smoking a lit cigarette, the mean number of correct de- 
tections were 6.34 for 1 h of deprivation and 6.12 after 12 
h of deprivation. A two-way, factorial analysis of vari- 
ance revealed a significant effect of smoking (F = 14.96; 
P<0.0001 with df= 1,19), but no difference in the depri- 
vation periods (F = 3.26; P>0.023, with df= 1,19). 

Interactions. Figure 1 shows that more correct detections 
were made when smoking either cigarette than with 
sham-smoking from rain 8, the third puff, through m the 
end of the session. Planned comparisons confirmed this 
observation with the difference between cigarette and 
sham-smoking being significant at every minute from 
min 9 onwards for the 1-h deprivation, with the exception 
of rain 16 and for min 11, 14, 17, 18 and 20 for 12-h de- 
privation. 

Reaction times. The mean reaction times were 442 ms for 
the sham smoking condition with one hour of deprivation 
and 452 ms with 12 h of deprivation. After smoking, the 
reaction times were 424 ms for 1 h of deprivation and 422 
ms with 12 h of deprivation. A two-way, factorial analysis 
of variance revealed a significant effect of smoking (F = 
17.88; P<0.0001 with df= 1,19), but no difference in the 
deprivation periods (F = 0.51; P>0.05 with df= 1,19). 
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Fig. 1. The number of  correct detections made minute by minute. 
Smoking commenced at min 6 with a puff every minute until min 
15. The upper two plots shows the effect of a tit cigarette after 
either 1- or 12-h deprivation versus sham smoking after either l- 
or 12-h deprivation. 
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Reaction times increased from minutes 1 to 3 and 
then stabilised. They then varied between 410 and 460 
ms in the sham-smoking controls. Reaction times in the 
two smoking conditions improved, i.e. shortened, from 
around min 5 to min 9 and then varied between about 
390 and 440 ms, i.e. were quicker in the smoking condi- 
tions than in the control conditions from min 8 or 9 on- 
wards. Analyses at each minute confirmed the interpre- 
tation of the data, with reaction times being significantly 
shorter in the smoking conditions from min 9 onwards 
with the exception of minutes 13 and 16 with 1 h of de- 
privation, and min 11, 14 and 16 with 12 h deprivation. 

Commission errors. The average number of cormnission 
errors were less than one per condition and those errors 
were not analyzed. 

Discussion 

In this study, improvements in performance with ciga- 
rette smoking were demonstrated from puff 1 to puff 2, 
both in terms of correct detections and reaction times. 
After two or three puffs, performance in terms of both 
measures is raised above the sham-smoking level and 
maintained through to beyond the end of smoking. The 
improvement of performance with smoking does not in- 
crease in proportion to plasma nicotine levels, which 
reach a maximum at the end of smoking. From this ex- 
periment and that of Revell (1988), it seems that as little 
as 15-20 ng per ml are required for maximum improve- 
ments in performance both in terms of the speed and ac- 
curacy of perlbrmance. 

This improvement cannot be due to relief from with- 
drawal, because there were no significant differences be- 
tween one hour deprived (minimal deprivation) and 12 h 
deprived, in terms of correct detections and reaction 
times in the sham smoking condition, nor while smoking 
a cigarette. 

This finding is in accord with a sizeable body of evi- 
dence involving testing nicotine or smoking with non- 
deprived smokers. Smoking by non-deprived smokers 
increased reaction times in the "odd man out" task (Fre- 
arson et al. 1988) and the continuous performance task 
(Pritchard et al. 1992), as well as improved choice reac- 
tion time (Frearson et al. 1988; Landers et al. 1990). 
Nicotine gum also increased reaction times in non-de- 
prived smokers (Hindmarch et al. 1990; Sherwood et al. 
1990a, 1991b; Kerr et al. 1991) as well as improve track- 
ing in a simulated driving task (Hindmarch et al. 1990; 
Sherwood et al. 1992; Kerr et al. 199t). Sherwood et al. 
(1990b) and Kerr et al. (1991) also reported that nicotine 
gum speeded memory scanning in the Sternberg para- 
digm in non-deprived smokers. 

Previous results with non-smokers given nicotine tab- 
lets (Wesnes and Warburton t984b) indicate there can be 
an improvement in performance caused by nicotine, 
without nicotine withdrawal. In a test of the effects of 
nicotine on Stroop performance of both 10 h deprived 
smokers and non-smokers, no differences were found 
between the baselines of the deprived smokers and non- 
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smokers or :in the amount  o f  improvement  produced by 
nicotine (Wesnes and Warburton 1978). 

In addition, no difference was found in the effects of  
nicotine in regular and occasional smokers on a vigilance 
task (Wesnes, and Warburton 1978; Wesnes et al. 1983) 
and memory  scanning in the Sternberg paradigm (West 
and Hack 1991). Similarly, subcutaneous nicotine pro- 
duced identical attentional improvements in both smoking 
and non-smoking Alzheimer patients (Jones et aI. 1992). 

More  compell ing evidence against the nicotine with- 
drawal-relief hypothesis comes f rom the results o f  ani- 
mal studies with nicotine, reviewed by Clarke (1987) 
and Levin (1992). It has been found that attentional per- 
formance (e.g. Nelsen and Goldstein 1972), discrimina- 
tion performance (e.g. Geller et al. 1971) and memory  
are improved by nicotine (e.g. B~ttig 1970). Obviously,  
animals have had little exposure to nicotine and the im- 
provements  in their performance could not  have been 
due to the reversal o f  nicotine withdrawal. 
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