University of Pennsylvania
ScholarlyCommons

Neuroethics Publications Center for Neuroscience & Society

11-15-2008

When we enhance cognition with Adderall, do we
sacrifice creativity? A prehminary study

Martha J. Farah
University of Pennsylvania, mfarah@psych.upenn.edu

Postprint version. Published in Psychopharmacology, November 2008.
Publisher URL: http://dx.doi.org/10.1007/s00213-008-1369-3

This paper is posted at ScholarlyCommons. http://repository.upenn.edu/neuroethics_pubs/39

For more information, please contact repository@pobox.upenn.edu.


http://repository.upenn.edu
http://repository.upenn.edu/neuroethics_pubs
http://repository.upenn.edu/cns
http://repository.upenn.edu/neuroethics_pubs/39
mailto:repository@pobox.upenn.edu

When we enhance cognition with Adderall, do we sacrifice

creativity? A preliminary study

Muariha J. Farah - Caraline Haimm -
Geena Sankoorikal - Anjan Chatierjes

Ahsirmct

Raropale Adderall {mixed ampletamine salts) is used by
healthy normal individuals to enhance attention. Research
with healthy mommal participants and these with atention
deficit hyperactivity disorder imdicate a possible imverse
relatienship between attentional function and creativiey. This
m.i.'gn:.:s the pu_1'g1.'i|_'|i.|i!'r-' that .“u;_l.-;_l.-:.:r.j” 1.:|:_r|..||-|.l 4.|-|.:|:n.:a.'sl: -;,:n..-ali\"il:,r
in people using it for cognitive enhancement.

Objective This smdy was designed to find out whether
MSdderall 'imp.u.i.rs |:r4,:a.1i.vi13,' in '|1-:,'.a.'|l|'.|:|.' voung wlulis,
Marerial and mevhods In a double<blind phl,.'l.:b:_:--;,:ljnh:l;r]l-:,u,l
study, the effects of Adderall on the performance of 16 healthy
young adults were measured on four tests of creativity from
the psyehological lterature; two fasks requinng divergent
thouglst and two requinng conveszent thoug i,

Fezelrs Adderall affected pedformance on the convergent
tasks only, in one case enhancing if, partcularly for lowers
performing individuals, and in the other case enhaneing it for
thi lower-performmg and inpaicng it foc higher-perfonmimng
individuals.

Conclusion The preliminary evidence is inconsistent with
the hypothesis that Addecall bas an overall negative effect
on creativity, Ies etbects on divergent creative thought cannot
be inferred with confidence from this study because of the
ambiguity of null results. Its effects on convergent creative
thought appear to be dependent on the baseline creativity of
the indivicual, Those m the hi!.:_l:u,.-r rimge ol the nommal
distribution may be unaffected or impaired, whereas those
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i the lower range of the normmal distmbution experience
enhancement,
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The past decade has scen a rise in the use of prescription
stirmulants by normmal healthy indiaduals for cogmitive
enhancement. MoCabe ef al (2005) estimated that 4% of
Armencan college students had used a stimulant for
nonmedicol purposes in the past vear and found that on
gpane campuses, the past year prevalence was a high as
25%, Hundreds of adult respondents to s Mature Magazine
poll on cognitive enhancement reported using predcripion
Anmuilant medication for thas PUIPOSE [F.-'I.a]'u..-'r EIIEYS

The most commonly used stimulants for cognitive
enhancement are Adderall [miu-:,u,! .H.I'I'.|[I|‘.|nl,!LHII'Ii.11¢,! saltsh amd
Ritalin (methylphenidate), both of which are typically
pﬂ,:sl;rih.:d for the treatment of altention deficit h}'pwr.u,:!il.--
ity disorder. Their ability o enhanee the cognition of
morimal healthy people has been demonsteated by a number
of liboratory studies with tests of problem solving amd
executive function (e.g., Elliot ef al, 1997,

The use of stimulant medicaton for cognitive enhance-
izt by healthy individuals raises a namber of ethical
issues, which have become a focus of discussion and
analvsis in the newroethics literumre (e.g, Farah et al. Z004;
E[:.'rrl.an M Sahakian and Morsin=anoe 2007, These
issues include safety, especially how a medication’s risk-
benefit ratio 8 changed when the benefit is enhancerment
rather than therapy, They also inelude the mdividusls
freedom to enhance or not 0 enhance. The latter may be
difficult to maintain when and if cognitive enhoncement
becomes so widespread that it is preferred oF even expected
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by schools amd employers. Faimess 15 another issue raised
any cognitive enhancement, a5 its sdvantages will undoubt-
adly ke enjoyed disproportionately by the wealthy and well
eonmected, Indesd, unegual access to copnitive enhanee-
ety inay, over time, lave a deleterious effect on society
as a whaole I-"."' further I'I.:-l,!l,!,:i.nﬂ rm:-biﬁ.l_l,r betweem SoCHmeco-
nomic classes and increasing stratification.

A ssue that has et gy b middressed in the neurcethics
literamure is the effect of cognitive enhancement on what
could be called “cognitive style”, Do the prescription
stimulants cumrently bemg used for enhancement imfluence
the way people think? More specifically, do they enhance
certain fonms of thought ot the expense of creamvice™ The
impact of cognitive enhancerment on the individual and on
saciety more generlly depends on the answer to this
question. The societal effects could be particularly conse-
quential, 1F 1,'|_1gni.li'.'|..- emhancEment continues o be mone
widely practiced and does decrease creativity, the effect on
society as o whole could be grave, It wonld mean bess
creativity inoour workforce and inoour leaders.

Paychologists define ceeativity as the process of access-
ing seemingly irrelevant or unreloted imfonmation in ways
that serve a purpose of solve a problem (Runco 20040, This
suggests that a certain degree of distractability may be a
requirement for coeative thought, and the reports of some
creative imdividuals are consastent with thas, The mathema-
tician Poincare, who is aften quoted for his observations on
mathematical creativity, emphasized the value of not
frcusing one's mind but letting it range wadely. He described
-:,:r-:.:a.'l'i\"i!'r.- as the discovery of “unsuspected Einship..,
between facts long known but wrongly belioved to be
strangers o oone another”, and he recounted his failuee w
=olve a problem when he focused on i, only to have the
sofution come to mind later {Ackenman 20047, Charles
Drarwin attributed his insights 0 part to s tendency o
notice irrelevant stirmuli, which he was so unable o screen
ot that he regquired abselute slence w work (Easel 1997,
Research with ordinary people lends further support to the
association of creativity with distractability (e.g,, Ansburg
ardd Hill 2003; Dykes and bcGhie 1974; Finke ot al. 1992
Kasof 1997: Martindale 199%: Rawlings 1955; Wallach
14700, For example, normal adults who scored highly on a
battery of creativity tests showed more intrision erers in a
dichotie hstenmg task (Dykes and MoGhie 1976), Similar-
ly, mdividuals with attention deficit hyperactivity disorder
{.-";IJIII]"] are often desenbed as unfocuzed but creative
{Falladino 199, and a recent study of highly creative
children found thar 2% met crntens for ADHD i_E[l,.-u|3,' amd
Fucklidge 2004,

There i a small Ierature on stimulkant effects on creativity
in ADRHD, but the outcomes of the different stdies are
difficult o reconcile. Solanto and Weader 1959} fousd that
methylphenidare enhanced the performance of children with

ADHD on tests of ceeativity, althoush only with repeated
testing, relative to the untreated children whe apparently loss
interest in the sk, Funk et sl (1993 found no effect
Dglus et ol (1995) found thet high doses of methyiphe-
midate improved the performance of ADHD subjects on a
1 ] | 1.:n..-=u'.l'i'r'i!'r|.'. |"i.11=|'|:|.'r Cmartwoad o .a.].l: EI'II'I?!-] Fovaril Ehat
methyphenidate impaired creativity in children with ADHD
|:.|:|.' g ol thear measures, In L, there = no clesr pallem i
the literature on ADHD and stimulants regarding stimulant
effiects on creativity,

The geal of our stusdy was to exumine the effects of a
widely wsed stimulant, Addecall (mixed amphetamine
salts}, on creativity 0 healthy young adults, In overview,
we conducted a double-blind placebo-conmolled study of
the etfects of Adderall on the performance of healthy young
adults on four tests of creativity from the psychological
lnterstume, These teds wire ]:[i'.'l,-'n as part of a |:n]:|:-|,'r 'I}:ul'll:'r:,.'
of copnitive tests, Inorder to capture as broad a sample of
Cremlivie 'I|:|'inki.11]:; as possihle, we admimstered two tasks
requiring divergent thought and fwo requinmg convergent
thought, and within each of these pairs, one emphasizing
verbal processes and responses amd one emphasizing
monverhal processes and responses,

Mlaterial and methods

Parficipants Sixtzen healthy adult subjects (four men, 12
wonen) bebween the ages of 21 and 30 {mean=21.25, 5D=
045} partwrpated, Exclusion criteria melsded the follow-
ing: history of nevrological or peychiatrie iness, history of
epilepsy oF seizure dispeder, history of glawcorna, higtory of
gastrointestingl blockage, history of beart disease, history
of thyroid problems, or history of a diagnosed learning
disubility, Subjects were excluded if they were regular users of
nicodine, cocaine, opiabes, narcetic pain Killers, manquilizers,
methamphetamine, or ecstasy (MOMA)L Subjects who con-
gumed more than T mg of caffeine per day were excleded
from participation in the study, Futhenmere, subjpects who
sl warfann, phenyvtoin, phenobarbitol, primidone, nortipey-
ling, amytrypiyline, doxepin, desipramine, clomipeantine,
imipramine, fluoxetme, fluvoxamine, paroxetine, seraline,
clomidine, guancthidine, p-amphe@mmine,  methylphenidate,
arnd Wellbutmnmn i the past 14 days were not allewed o
participate. We excluded womsen whae were pregnant or
likely i become pregnant and subjects who regularly used
over-the-counter  antihistamines like Clarinn [D-24 or
til:n:uq_l.'r}'l. I.":|'iﬁi|:r'i|ily was deterrmned basxd on a phq,m-:,:
sereening session. The small size of our sample procludes the
investigation of gender effects in this sudy,

FProcedure The data reported here were collected in two
sessions. of about 2.5 h, approximotely 1 week apart,



scheduled w begin at the same wme of day and beginnmg
ner later than 3:30 md so that partcipants would be finished
by oo Laber than & ra. A separate 1-h session was scheduled
on a different day prior to these sessions for the purpose of
farniliarizing participants with the fasks. Familisrization
il.'l\'l:_l-]'r'l.."l;l Tl.'.ll,.'l..'i\"il'IE I!|'||.: insl.'rl,:ﬂ.:l!l.-:_:-'n.-\. aru.! |'_||..-'r|'1_1rrr.|i11# 'pﬂ:l.l,ﬂ'ill.:l:
trials. Participants were instructed to avoid eating a heavy
meal i the 3k |',|ri|:rr 104 I.-l,:slin]_.-., "-"isuu”:,' i|:||;|i$|!ir.|;.:|,|i.$|:|a]:r||:
pills containing 1% mg mixed amphetamine salts or inert
ingredients were administered o the participants 30 min
before the beginning of testing by o research assistant
who was blind to pill identity. Half of the subjects
receivesd plocebo first and balf received amphetamine
first, Two versions of each task, with different items, were
used on the first and second day of testing, resulting i
each task wversion being performed equally often by
paricipants on amphetamine and placebo, Four tasks bo
assess creativiny were administered in the same order for
each .‘\..1.L1}jl!.!l..‘|: the Altemative Uses Task, the Remaode
Amgociption Task, Group Embedded Figures Task, and
the drawing task fiom the Abbseviated Tosrance Test for
Adults, The testing session also included other tasks
unrelated o creativity, which are not deseribed further
here, and tosk order was rotated over participants, Two
aof the tasks (Femote Association and Alternative Uses)
were performed at varying points i the  session,
betwvesn a 05 and 3 h oafter pill administration, with
order matched between the placebo and drug sessions
for a given participant. The other two tasks (Embedded
I"'igun.:x and Torremce) were performead at the end of the
zossion by all participonts, which is about 3 h afier pall
adiministeation.

Remore Assoctation Taed This provides a measure of
gonvergent creptive thinking and insightful problem solving
in the verbal domain (Mednick [%62), Pamicipants were
presented with three words at & time and asked o supply
the one word that was associated with the other three words,
Subjects had 1 min o complete each tmad, Fifteen trads
wene presented in each session, counterbalanced with drug
comdition. An example of a triad is “mannes”, “round"”, and
“tennes” (answer: “whle’)

Crepupr Embedded Figures Task This nonverbal task
requires participants o regroup the elements of & geometric
d.-:.:'si].;n m ways that Tl.'.!'l'L'I.lI I!|'.u.: ﬁj_.-ll,:ln:w. |..-1|:||_'||..'d.q,|.-:.u.! ol ur.u,!
has been used as g fest of convergent creative thinking
{:"'..H[I[Il,' 1996 Witkin et al. lﬁl':l"_*]. A& -I,!Iil:ll:lp]l,.' 15 shown m
Fig. 1. The original test of |8 items was divided into two
st of mine sdmmistered 0 sesswons | oand 2, and in the
present study, participants outlined as many embedded
figures as they could from ome section in 3.5 m; set was
counterbalanced with drug condition,

Alternative Dees Taek This i a standard measure of
divergent thinking, whose stimuli and responses are verbal.
Following Guilfoed {1957T), participants are given the name
of an ohject and ssked fo come up with as many altermative
uses ad they can for the object within a specified e
ru.:ri|_1|.|; fior this sluﬂ}', the leriu:l was B0 & |".u."|'i|;i|'_|a.11'|x WERE
instructing with the help of an example: IF given “tissue™ as
the 1,1|;!i1:4.'l| T -:,:::a.lnpl.-:,: of an up'p'mpri.al-u aliernative use
would be a “blanket for a doll”, They were wld that the
albemative use must make sense, S0 a respomse such as “eal
a5 food” would not count, Three objects were nomed per
gession: shee, button, amd key in one session and brick,
paperchip, and newspaper in the other, Session wis counter-
balanced with dmg comdition. The responses of the
participants were recorded and scored by three independent
Judges, blind to condition, for onginality, fluency, flexibil-
iy, and detail of the response a.-;,ﬂ.'l:_rn:l'ing oy the eriteria of
Cuilfivrd (19570

Draving fask from the Abbrevigied Toreance Test for
Adhelts The Abbreviated Torrance Test for Adults i3 a
stansdarcdized, abbreviated form of the Toramce Test of
Creative Thinking (Goff 20027 vsed 0 assess divergent
thinkimg. It inchades two picture-drawing tasks and o single
verbal fask. [n order to make within-subject comparsons,
omly the picture items were used, one in each testing
gegsion. Pamicipants were given one of the pictures in Fig. |
(counterbalanced with drug conditiom) and told “Use the
incomplete figure below to make a picture. Try o make
yOT pacture unwsual, Your peeture sheald communicate as
interesting and as complete o story as possible. Be sure to
give your picture a ttle.” They were given 90 & to carry this
out. Scoring wos done by three independent judges, blind to
condition, accoeding to the citeria of Toreance, with the
exception thut scores for the verbal section and for the
relations berween the two figures were omitbed. Thus,

Fip. 1 Example of an iwem from G

the Embedded Figures Test .

%

%
%

Fird Simpla Form “G"™




performance was scored according o normereferenced
measures. (Huency, ongimality, elaboranon, and flexibility)
and erterion-eeferenced creativity  indicators  (openness,
unusual vesualizanon, movement, ondor seund, nehness,
andior colorfulisess of imagery, abstractness of title, context,
.‘\.}'I.'III'IL‘.\.'iE :_rr O O imndre I'q.:_ur-:.:x, i11'||..-'rr.|.al \-'ixual |:|1..-'r'g.'|;:-c.:|..‘Ii.w.:r
cxpressions of feclings and emoetions, and fantasy: Goff
24u42; Fig, 39,

In contrast o the convergent thinking tasks, which have
ohjectively right and wrong answers, participants’
responses to the two divergent thinking tasks must be
evaluated by blind eaters. Three undergraduate students,
blind to condition, mated participants” productions m the
Altermate Uses task and the drawing fask from the
Abbrevisted Tomance Test according to the cnifens described
above. Their mtings have an intraclass corelation of 0LE[7
overall angd wern: H.va,".',l.-l:l for purposes of the analyses
reported next

Hesulis

[ overview, our data analysis consisted of outlier pemoval
followed by matched pairs ¢ tests and analyses of vanance
for the effect of Adderall on ceeativity in exch of the four
tasks amd regression analvses o assess the effect of
Addderall as a function of individual differences in creativity
in the four ek

Ceilier removal For each task, any padhicipant whose
performance tzll more than 2.5 S0 from the mean in the
placebos or diug condition was eliminated from the
analyses. Becouse the compansons were within-subpect,
climination of a paticipant’s data from one session of a
task, plocebo, or drug resulted in the climination of both
sgesions” data for that tesk from the analysis, There were
Just four outliers identified among the 128 subject-by-task-
by-dnig data points wsing these criteria; in other words,
abowt 3% of the data were classified as outliers by our
methad. These occurred once for cach task, equally ofien in

Fig. 2 Figuris to B coimplitiad G Abbnevigsad Tomano: TSl For
Awfulrs

Adderall and placebo sessions, and involved three different
parmicipants (Le, ong pamgpant was an outhier n bwo
tasksh,

Comparizon of performance od ddderall ard placebu
Matched pairs 1 ey were camied oul B assess the effects
of Adderall on performance in the four creativity tasks. The
|'.|:|.'|',||1I!|'||,.-.~.-:,:$ wnder consideration inclede fsciliabon of
performance by Adderll, impaioment of performance by
Auddderall, angd mo eMect of Addemll, Becanse we do ot have
o directional prediction, reported g values are two-tailed.

We begin with the convergent thinking tasks. ln the
Remote Associanon Test, participants obtamed on average
207 oue of 15 corvect in the placebo condition and 5.00 in
the Adderall condition, f14y=0120 ns In the Grouop
Embedded Figures Task, participants identified 6.07 of nine
shapes in the placeho comdition angd 7,03 m the Adderall
condition, § 14}==2.477, p=0027_ Tuming ta the divergent
I]:l'inki.nﬂ tasks, 0 the Alternative Uses Task, participants’
responses were scored 3392 on averape scored in the
placebo condition and 33 4% in the Adderall condition, #f 14)=
0,300, ns, Finally, in the drawing fask of the Abbreviated
Tomance Test for Aduliz, pamicipants’ reaponses were rabed
1251 on avernge m the placebe conditom and 1344 m the
Addernll condition, §14=—1.019, ns.

In swn, Adderall rehably affected perfonmance on the
Embedded Figures Task., On this measure, Adderall
enhanced creatvity, participants were relisbly more able
te discover embedded shapes that require distancing onesealf
froom the most natural parse of a LH.I.'EI,.' pattern amd
recombining the elements of that pottern in s less obvious
way. For the other theee tests, averape performance was
similar bebween the placebo and Adderll condrbons, The
el pesults with these theee tasks could indicate a true lack
of effect of the drug on the creptive thought processes tupped
by these tasks or a lack of power in our experimental design.
Power analysis suggests that with the sample size we uwsed
and power of 0BG, we would be able to detect only a
relatively substantial effect of size 0,75, which s medium
large by Cohen's classification of effect sizes. The lack of
drug effect on creativity in these theee tasks should therefore
be interpreted with coution, In contrast, the finding of
statistically significant enhanceiment of creativity in one task
cun be mferpreted with confidence as contradicting the
lypaothesis that Adderall diminishes coeativiey.

T exmrnne the effects of -l,!I'I,.IE =|-:_:-11]:; with those ol
geagion order, we carmed out analyses of variance with drog
[."'|.|,||,||,.-1=|.| or 'p|a.-;,:-|,:|:ﬂ;,r'!| a% a within -ew.ub__ilp-;,:L's factor and order
{Adderall first or placebo first) as a between-subjects facton
Fecall that order was confounded with the specific items
presented in each task: The first session test items were the
samwe for all participanis, regandless of whether they had
taken Adderall or placebo, and the same was e for the



second session test ilems, Also relevant to the inferpretation
of order effects, on a different day prior to the first session,
participants eeceived task instructions and performed
practice trials. Finally, order was o between-subjects factor,
s incidental differcnces in the two groups of participants
coiald manifesd themaelves &t an “order™ elfect m this sll_:u.!:,.'.
A with the ¢ test, the ANOVA showed that the effect of
IG,I.TI,:IE Wikk 'si!.;l.'l'iﬁl;.lm fior q_m|'r|.' e La.'sk,_ Embedded |"i.]:|;|,:|n,:z;r
F{L, 13)=543, p=0.031, all other tasks ns. There were no
main effects of onder and no mteractions between drug amd
order with the exception of an inferaction for the Remote
Asanciates Test, FiI, 131=2322, p=0.001. Examination of
the means indicates that the drug enhanced performance for
those who took it second (feem 400 w 5.70 coreect on
averagel, whereas it impaired performance for those who
took it fiest (from 6,00 10 4.38 on avesage).

Trdivicheal differences in drig gfect Given the finding that
Adderall enhanced performance in one creativity task, the
next sof of statistical analyses fested the possibility that
Addderall may affect performance differently in different
subjects, depending on their baseling or placeho level of
performance. The dependence of a dug effect on partici-
pant level of ability con entirely mask the effect of the drug
when the whole sample of pamicipants is considered
together. This was first observed by Kimberg et al. {(19597)
with the dopamine agonist bromoecnptine. Their sample’s
men perlommance on an executive Tunction battery was
numerically almost kbentical on drug and placeba, similar to
thx ﬁl‘l-l,!iﬂ!.:_.‘\. with three of the tsks m thiz !-.‘!I..lLl'ru'. Hevwraver,
after & median split on working memory span, it was toumsd
thiat the lower half of the participants impeoved significantly
on the drug and the upper halt declined by the same
amount. A similar, though less extremie, pattern has been
fourd 0 studies of the effects of methylphenidate and
amphetamine on executive functions, including working
memory (Mattay et al, 2000, 2003%; Mehta et al, 20000 amd
inhibitary contmol {DeWit ot al. 20021 In these stodies,
participants who performed worst on placebo ended 1w
improve the most with stimulant medication, whereas these
who performed best tended o show less improvement os
cven show worse performance with the stimulant,

To determine whether Adderall has an enhancing effiect
on crestivity for the less crestive participants that declines
of evern reverses for the mose creative participants, we
'p-c.:rﬁ;_ﬂ.-u:u:-;_l. a T-I.!!.:I'I..'.'gl‘\.'il_ﬂ'l a.nu|3,-si.'s. The |;|1:|;5-c.:ru.l-|.:n|! mesune
wis drug effect. that =, the difference in performance
beetween plai,:t:b-q,:- and Adderall, The inl;h:p-c,:ru,!-l,:nl! or pn,.-l;Hl;-
tor vanahles were the panticipants” performance on placeho
ard the onder in which they performed two comditions
iplacebo first or Adderall first), The former is a measure of
the paricipant’s baseline ability level, Given the findings
Just crted of greater enhancement for lower-perfommimg

inclividhsls, the peediction tested by the regression i that
Iower placebo perfommance will be associated with larger
drug effects, and the p values ave accordingly one-tailed.

Placebo performance predicted the sixe of the drug effect
in both of the convergent thinking tests, p<0.001 for the
Femote Associates Test and F—I'I.I'I'I] for the Embedcded
Figures Test. In each case, the direction of the relationship
Was A% pn,.-l;|'i|;1|.:d.: |urw,:r enhancement effects Tor lowers-
performing individuals, The two divergent thinking rests
dic wot show thas pattem, For the Allemative Uses Task, the
drug effect was not significantly predicted by placebo
perfoemance, p=0.142, amd the dawing task showed a
borderlme fremd, p=0.082, but m the other direction (more
enhancement for better performing participants). Consistent
with the results of the corlior AMOVA, the Remote
Asepgiates Test also showed a significant order effect, with
|urg-|.'|: leﬁ_uﬂ::.:l;ts for parhicipants who received Adderall m
the first session, p=0.002,

A problem with these analyses is that the dependence of
drug effect on placebo performance could reflect regression
towvard the mean. That is, o the extent that there i
mepsurement error in the data, partgipants who scored well
in the placebe condition would be expected w scoee less
well on average in a different session, and participants who
gseored poodly in the placebe conditicn would be expected
I soore somewhat better om average m a different session.
The ideal way to assess the effect of a participant’s bascline
ahility on the deug effect would be w have a second
measure of placebo performance so that the measure used
a5 the predicior vamable 15 not the one vsed o caleulate the
drug effect. Unfortunately, we did not collect second
placebo measures with our participants. A gecond-best
solution = to reploce placebe performance s a predictor
variable with the average of placebo and Adderall perfoe-
mane, To the extent that the drug effect is indeed larger for
participants with lower placebo performance, the use of a
placebo-Adderall average will bias the results against
fimding the hypothesized effect. Howewver, at least this
method of testing 15 at least not biased m favor of finding
the effect.

We reanalyzed the data from the two convergent
thinking tests using the average of placebo and Addernll
perfoemance as the estimate of participants” bazeline level
of creativity, along with session order o5 before, Despite the
hias in this analysis agaimst finding an effect of baseline on
-l,!TIJE 4.:f'|::.:|..'I!r 'I|'||..- TJ.:La.li-:_:mh.h'ip r|.:1|:|uim:-|.l 'si!.:l.'l'i!"u.:un'l r-i_:-'r I]:u:
Remote Associates Test, p=0.027. For the Embedded
l"'iEI_JI'I,.'.'\. Test, which showed an overall h‘iEI‘Ii.ﬂi,:H.l.‘l! emthancie-
ment with Adderall, the rend for greater enhancement for
[ower-performing subjects was borderdine significant, p=
0026, Figure 3 shows the performance of pamicipants
whose average placeho—Adderall pecforrance level fell
ahove the median (leftd ond below the median (nght m the
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Discussion

Drogs cognitive enhancement with Adderall impair creativity?
[n this preliminary explomation of the issee, wsing four
different tests of creative ahality in healthy yvoung adults, we
found oo evidence of a general impaimment. On the contrary,
Adiderall enhonced performance on one test of convergent
creative thought. Foe this test, the Embeddad Figures Test,
thers was also a tremd towand disproportionate enhancement
af the lower-performing participants. For another test of
convergpent creative thought, the Remote Associates Test,
Addderall aleo affected performance, although the direction of
the effect -:lurlLTuiL'lJ oay the |.'|.1.":1Ii'|.'|13.' of the p:hrl'il.'lrl.dnl; the
drug enhanced creativity for the lower-performing parhicipants
and impaived it foe the higher-performing participants. This
pattern has been noted mo other stdies of stmulants and
cognition and is not unique o coeative thowghe (DeWit et al.
20002; Moty et al, 2000, 2003; Mehta et al. 200,

These results are reassunng in yiew of the ncreasing
mumber of healthy people vsing stimulant medicatioms o
enhance cognition. They suggest that healthy individuals
seekimg o enhance their cogmitve abalitees with Adderall
are nadt necessanily impainng their creativity, However, just
as stimulants may mmpede ligh ababiey incdividuzls moother
copnitive tasks, Adderall may impair rather than enhance
the creativity of highly creative individuals, judging from
the results of the Bemote Associotion Tesk

The present study assessed creativity wsing four diffesent
ks, mclhading vechal and nonverbal tests of convergent
and divergent creative thought, Adderall was found w
affizct perlfommance on the convergent tasks only, Although
this may reflect a fundamental difference between the

fbrva ths Median
WOn Placebo OO Adderall

Mean Performance

Bazlorar this Besdian
mEFTplaceko

Above the Median
OEF Tadkderall

effects of Adderall on convergent and divergent thought, it
may alzo reflect ditferences m the sensitvity of the tosks
By their namre, convergent thinking tasks have ohjoctive
njrht answers, whereas the success of divergent thinking s
a more subjective matter and must be measured by the
mtmis of others. Although our inter-rter reliabiliny was
o, it was not perfect, and this would make the divergent
ks weaker instruments for measunng doog effiscts on
creativity than the convergent tasks,

Cither aspects of the design that would be expected to
influence the sensitivity of the expeniment imclude sample
size, test length, dosage, and dose timing. Although a sample
ol L6 participants 15 compaarable 10 siee (o some samples wsed
¢ demonstrate effects of stimulant medications on healthy
participants (e, Mehtaoet al, 2000, there 5 o dowbd that a
larger sample would confer more power on the study. Tests
with monz temns for each ask would alse have a beneficial
effect on the sensitivity of the research. Although the dose
we used, 10 me, 15 a commonly wsed dose for therapeutic
and research purposes (e.g. de Wit et al, J002], many
studies have used higher doses, and a higher dose in the
present smcdy might hove led o different results. Finally,
although taa of the tasks were administered approximately
3 h after pall admarstration when plasma levels of the drog
wonld be high {the Tomance test and the Embedded Figures
test), the timmg of two others vaned over participants,
with some performing them as early as 0.5 h after pill
admimistration when the drog effects would have been just
omsetting (the Alternatove Uses Tosk and the Remote
Aggociation task). Taken togethes, these considerations
sugpest that the etfects of Adderll on creativity may well
have been underestimated by the present study. Mewver-
theless, the fAndings of reliable enhancement effects of
Adderall in one task and ability-dependent effects in
another gk well us that the answer 1w the ttle guestion 15
mivt i simple “yes", The neuroethical wormy that widespread



stirmulant use could create a general dowmward shift in the
creativity of the population 15 sssuaged by the present
resulis.
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