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Aims of the Project 
This project aims to investigate the effect of modafinil on cognitive performance, divergent thinking 

and subjective well-being in healthy participants. The main task for this project is to address whether 

the same effects of acutely administered modafinil on cognitive function are observed across four 

testing sessions or whether its effects exhibit tolerance. Participants’ divergent thinking, cognitive 
performance and subjective well-being will be investigated in a between-subjects parallel design 

study.   

Two groups each of 32 healthy participants will attend four separate sessions at the Wellcome Trust 

Clinical Research Facility (WTCRF), during which they will be tested on objective measures of 

divergent thinking tasks, a computerised neuropsychological battery, and on well-validated 
questionnaires quantifying subjective well-being. Participants will be randomly allocated to one group 

and will consistently receive either a dose of modafinil (200mg) (Modafinil group) or a placebo 

(Control group) prior to testing on all four sessions.  

All subjects will undertake CANTAB tests and different versions of the divergent thinking tasks. 

Based on the evidence that modafinil enhances executive planning and working memory in healthy 

adults (Turner et al 2003), we predict that healthy individuals in the Modafinil group will perform 
better in the divergent thinking tasks and in the cognitive performance tasks. Furthermore, we expect 

a specific subjective well-being effect to be associated with recurrent modafinil use in healthy young 

adults.  

Background 

Modafinil (Provigil, 1997) is a novel drug which has a demonstrable efficacy in the treatment of 

daytime sleepiness associated with narcolepsy (Benerjee et al., 2004). Studies with healthy volunteers, 
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including those conducted by our research group, showed that modafinil improves some aspects of 

neuropsychological task performance, possibly through improved inhibitory control (Turner et al., 
2003; Baranski et al., 2004; Muller et al., 2004; Randall et al., 2005). For instance, Turner et al. 

(2003) assessed the cognitive enhancement potential of modafinil on sixty young healthy male 

volunteers who either received a single oral dose of placebo, or 100mg, or 200mg of modafinil before 

undertaking tasks on working memory and attention. Modafinil significantly improved performance 
of digit span, visual pattern recognition memory, spatial planning and stop signal reaction time. It also 

significantly improved performance on tests on decision making and delayed matching to sample. 

Modafinil also had a significant beneficial effect on working memory and executive attention in 

patients with neuropsychiatric disorders including depression (Padala, Burke, & Bhatia, 2007), 

schizophrenia  (Turner et al., 2004b), and Parkinson’s disease (Happe, Pirker, Sauter, Klosch, & 
Zeitlhofer, 2001). Turner et al., (2004a) also found that modafinil enhanced cognitive functioning in 

ADHD patients, who after 2-3 hour post administration of modafinil, significantly improved on tests 

of short-term memory span, visual memory, spatial planning, and stop-signal motor inhibition. On 

several measures, modafinil increased sustained attention accuracy whilst slowing response latency.  

However, most previous studies have significant shortcomings, as they only investigated the acute 

effect of modafinil on cognition and therefore are not able infer whether the same effects modafinil on 
cognitive function are consistently observed in subsequent testing sessions (Pubmed review 

07/12/2009).  

Our aims are  (i) to further characterise possible cognitive enhancing effects of modafinil by using a 

broader range of test (including divergent thinking, or ‘creativity’) and a more difficult cognitive test 

battery to avoid possible ceiling effects on some tests and determine whether the beneficial effects of 
modafinil are in a restricted range of tests or functions as appears previously to have been the case. (ii) 

to test whether any drug effects exhibit behavioural tolerance, i.e. diminishing with repeated testing. 

These aims will be achieved with a double blind, placebo controlled study that measures participants’ 

cognitive performance over four weekly sessions.  

We will investigate the effect either of one weekly dose of modafinil (200mg) or placebo for four 

sessions on tests of divergent thinking, cognitive performance and subjective well-being in healthy 
adults. This will be accomplished by employing reliable divergent thinking tasks, a well-validated 

cognitive battery and a sensitive subjective well-being questionnaire. 

 

Predictions with regard to the research questions/objectives: 

1. For Cognitive and Divergent thinking  

 We predict that participants treated with modafinil will perform significantly better in 

the above named cognitive tasks and divergent thinking compared with the placebo 

group.  

 The effect of modafinil on divergent thinking is difficult to predict but it is expected 

that there will be an improvement at least in the first session.  

 Modafinil is efficacious for sustaining and restoring objective performance and 

alertness in sleep deprived and non sleep deprived humans (Wesensten, 2006), it is 

therefore predicted that modafinil will have a significant effect ( two-tailed) on ratings 

of subjective well-being in healthy adults.  

 We expect that modafinil will have a greater significant positive effect on subjective 

well-being and divergent thinking in healthy participants with low scores at baseline 

compared to healthy participants with high scores at baseline.   

2. First session compared with the following session 
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 Finally, it is predict that there will be a significant difference between the effect of 

modafinil on divergent thinking scores, cognitive performance and subjective well-

being in the first testing session in comparison to the other three sessions.  

 
Methods: 

Study Design: This is a double-blind, placebo-controlled, between subjects, parallel design study. 2 x 

30 participants will receive either a single oral dose of a lactose placebo or 200mg of modafinil for 
four occasions (one dose per week to allow for drug washout). Participants will either be identified via 

the Behavioural and Clinical Neuroscience Institute participant panel or via an advertisement. Once 

potential participants are interested in taking part in the study, they will be sent an information sheet 
and contacted within 24 hours. Participants will be informed of the details of the study and will have 

the opportunity to ask questions or withdraw from it at any time. 

Exclusion criteria: Prior to the first testing session, possible participants will be screened through 
telephone and any participant with any significant psychiatric history, visual or motor impairment or 

the concurrent use of any psychotropic medications or any medication contra-indicated with modafinil 

will be excluded. In addition, participants with a history of hypertension, cardiac disorders, epilepsy 
or drug or alcohol abuse will also be excluded. The two groups will be matched for age, verbal 

abilities by using the National Adult Reading Test, (Nelson, 1991) and education level.  All 

participants will be advised not to consume alcohol or caffeine-containing drinks for 12 hours before 
the study. 

Testing procedure: On a convenient date, participants will be asked to attend the WTCRF at 

Addenbrooke’s Hospital on four occasions, separated by a maximum of one week.  Once participants 
arrive at the WTCRF at about 8:30am, we will confirm their details and ask them to complete a 

personality and NART measures. After that, we will measure their blood pressure.  Then we will give 

participants some capsules to swallow with water. These capsules will contain either a drug 
(modafinil), or a placebo (an inert lactose pill) –neither the participant nor the researcher testing the 

participant will know which pill participants are given on a particular day. A physician (Dr J Rowe) 

will be available to provide medical assessment if participants experience any adverse events related 
to participation. 

After ingesting the pill, participants will then rest in a quiet area where they can read books or 

magazines, and watch television for one and a half hours. Similar to previous research, participants 
will be tested 2 hours post-drug administration, for approximately 2.5 hours. At 2h participants will 

complete a divergent thinking task, a computerized cognitive performance task, and two subjective 

well being questionnaires. During the computerized testing, we will measure their blood pressure 
again.  

After the first session, participants will return to the research facility for three more times separated by 
a week. In the subsequent three sessions, participants will undertake further sessions which will be 

similar in procedure but using different versions of the tests where possible. A psychologist will 

instruct the volunteers on how to perform each task and will provide feedback if necessary.  

 

 

Measures       Total Testing time (120 min) 

Measures of the divergent thinking will be drawn from the following:  

 Match Stick problem (Knoblich et al., 1999) which measures how healthy adults learn 

to override the imperatives of past experience in the face of novel conditions (12 

min).  
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 Wallach and Kogan’s (1965) test of divergent thinking task assessing pattern meaning, line 

drawings, similarities and alternative uses tasks (10 min).  

 A short version of the original Hayling task (Burgess and Shallice, 1997) that measures 

cognitive flexibility (7 min).  
Cognitive measures will be drawn from the well established CANTAB neuropsychological test 

battery: (Sahakian and Owen, 1992-www.camcog.com ). All participants will receive the same tests in 

the same order.  All computerised tasks will be run on an Advantech personal computer (Model PPC-
120T-RT), and responses will be registered either via the touch-sensitive screen or a response key, 

depending on the task. The following cognitive test battery will consist of:  

The Stop Signal Test (Logan, Cowan et al. 1984), a 20 minute task assessing the inhibition of motor 

responses to an auditory ‘Stop’ signal.  

 Reward sensitivity (Cools et al. 2005), a 15 minute reaction time task assessing ability to 

respond to changing reward value. 

 A version of 5-Choice Serial Reaction Task which is suitable for humans (Robbins, 2002) (5 

min). 

  Digit Span assessing working memory and vigilance.(5 min)  

 The Paired Associates Learning (PAL) task which tests the ability to learn and form 

visuo-spatial associations (Sahakian et al., 1988) (10 min) 

  Pattern Recognition Memory (PRM) which is a two choice test of abstract visual 

pattern recognition memory (Mehta et al., 1999) (5 min).  

 The Delayed Matching to Sample (DMTS) which is a 4 choice of simultaneous and 

delayed matching to sample abstract pattern task with distractors (Robbin et al., 1994) 

(10 min).  

 The Rapid Visual Information Processing (RVIP) task measuring sustained attention 

(7 min) 

 The ‘one-touch’ Tower of London spatial planning task (NTOL) which measures 

planning  (Owen et al., 1995) (10 min) difficult version 
 

Short self-report questionnaires, consisting of  

 SF-8: SF-8 to measure participants’ subjective wellbeing (5 min). 

 Creative Personality Scale (CPS) for the Adjective Checklist by Gough’s (1979) 

measuring whether participants are high or low in creativity( 7 min). 

 Visual Analogue Scale (VAS) (Bond & Lader, 1974) which assesses participants 

mood before, during and after the tablet administration (2 min).   
 

Sample Size and Analysis: The Sample 30 per group was estimated to provide sufficient statistical 

power based on previous within-subject medication studies (Turner, 2003;). For a large effect size of 
modafinil study (d=0.52), the statistical power software (GPower) indicates a power of 0.95 to detect 

a large effect size with 0.05 error (i.e type I false positive error 5%) with 30 participants. A stronger 

interaction between modafinil and group (modafinil vs placebo x group) with a large effect size 
d=0.52, for false positives (a=0.05) with 30 participants in each group yields a power of 0.95. An 

interim analysis will be performed after the completion of the first sixteen participants in each group  

Statistical analysis: All data will be analysed using Windows versions of SPSS (Version 15). To 
investigate the effect of experimental treatment on test performance, differences between group mean 

(or median) performance for group scores will be analysed using a one-way and repeated analysis of 

variance (ANOVA) or the equivalent non-parametric Kruskal-Wallis ANOVA. To clarify the nature 
of any such differences, planned orthogonal contrasts comparing the effect of modafinil, and the 

effect of placebo with the drug group, will be performed where appropriate. In instances where 

http://www.camcog.com/
Student
Highlight
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several readings are taken for the same score, repeated measures ANOVA will be used to test the 

effects of relevant independent within- and between-subjects variables. As our hypotheses are both 
one and two directional, all tests will employ two-tailed statistics threshold at p<0.05. 

 

This is small scale study using modafinil as a pharmacological tool to neuromodulate cognitive 

performance and subjective wellbeing in healthy adults .It is therefore not a clinical trial under 

MHRA definitions. 

 

Main Ethical Considerations: 

Several areas have been considered here. 

1. Confidentiality. We follow standard good research practices within our departments, 

to ensure confidentiality of electronic and hard copy data, in keeping with the Data 

Protection Act. Hard data are kept locked, and electronic data are anonymised and 

encrypted. We collaborate with other members of the University and require similar 

adherence to DPA and confidentiality by collaborators. We do not anticipate data 

sharing outside the UK. Data will be stored for maximum of 10 years within the 

department. 

2. Safety. The safety of participants is paramount. This study involves a single standard 

dose (200mg) of modafinil, a medication with an excellent safety profile that is 

currently licensed for the treatment of daytime sleepiness. Modafinil has been used 

previously in multiple LREC−approved studies including male and female 

participants within the Department of Psychiatry (University of Cambridge) with no 

adverse reactions or problems reported. We have used modafinil with both patients 

(Backwell et al., 2008, CamREC reference number 04/076; Turner et al., 2004a, b) 

and Healthy adults (Winder-Rhodes et al., 2009-CamREC reference number 

06/Q0106/47; Turner et al., 2003) and consistent with research evidence modafinil is 

safe (Deroche-Gamonet et al 2002; Billiard et al 1994) and current dose of modafinil 

has been well tolerated in studies run by members of our research team (e.g., Turner 

et al., 2009; Turner et al., 2004b). Furthermore, patients who are taking other forms of 

psychiatric or non−psychiatric medications contraindicated for use with modafinil 

will not be included in this study. The structured health interview as well as the 

information provided to participants will screen for pregnancy, breast−feeding, and 

volunteers who are attempting to become pregnant (see protocol and information 

sheet).  

 

Participants will be screened via questionnaire to ensure they have no history of 

relevant medical problems (e.g. hypertension, heart disease), and are not taking other 

medications which might adversely interact with modafinil. A physician (Dr J Rowe) 

will be available if participants experience any adverse events related to participation. 

 

3. Consent. All participants will, by definition, have the capacity to provide informed 

consent. As this study investigates healthy young participants, vulnerable participants, 

including pregnant women, will not be included in this study. Consent procedures 

include enough information and enough time to make a decision to participate, and we 

stress the voluntary nature of participation and ability to withdraw. We have written 

our information sheets and consent sheets so as to be complete, but concise and 
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comprehensive for the lay participant. In addition, participants will have the ultimate 

decision to participate in this study. 

4. Comfort. Furthermore, there is no reason to believe that the neuropsychological 

testing procedure should carry any adverse consequences for the health of 

participants. Each task takes under 20 minutes; all tasks are administered by a trained 

researcher with psychology experience to at least post-graduate level and clinical 

experience. 

The cognitive testing battery requires participants to interact with a computer 

equipped with a touch-sensitive screen. Participants will perform the cognitive testing 

battery for approximately 2.5 hours. Short breaks will be included throughout the 

battery, and participants will be reminded that they can take a break at any time by 

asking the researcher. The procedures used in this experiment will neither be 

physically stressful nor impinge on the safety of the participants. The images and 

feedback that are presented are also not emotional and have not caused any distress in 

related studies of patients or healthy controls. Testing will stop if a participant reports 

excessive frustration or appears tired. 

5.  Withdrawal. All participants are invited to participate in 2.5 hours testing time in 

each session. Participants will be paid £25 for each session. However, it will be made 

clear to all participants that they may withdraw during the session at any time without 

any consequences for their future care. All necessary arrangements will be made to 

ensure that participants are at all times comfortable. It will be made clear to all 

participants that while they do not stand to directly benefit from the experimental 

procedure, the results of the study will contribute to our understanding of the efficacy 

of drugs for healthy adults and patients with neuropsychiatric disorders. 

6.  
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