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

Abstract

Rationale: Adderall (mixed amphetamine salts) is used by healthy normal individuals to enhance
attention. Research with healthy normal participants and those with attention deficit hyperactivity
disorder indicate a possible inverse relationship between attentional function and creativity. This raises
the possibility that Adderall could decrease creativity in people using it for cognitive enhancement.

Objective: This study was designed to find out whether Adderall impairs creativity in healthy young adults.

Material and methods: In a double-blind placebo-controlled study, the effects of Adderall on the
performance of 16 healthy young adults were measured on four tests of creativity from the psychological
literature: two tasks requiring divergent thought and two requiring convergent thought.

Results: Adderall affected performance on the convergent tasks only, in one case enhancing it,
particularly for lower performing individuals, and in the other case enhancing it for the lower-performing
and impairing it for higher-performing individuals.

Conclusion: The preliminary evidence is inconsistent with the hypothesis that Adderall has an overall
negative effect on creativity. Its effects 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 individual. Those in the higher range of the normal
distribution may be unaffected or impaired, whereas those in the lower range of the normal distribution
experience enhancement.
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When we enhance cognition with Adderall, do we sacrifice

creativity? A preliminary study

Muartha J. Farah - Caroline Haimon -
Gernn Sankoorikal - Anjen Chatferjec

Abstract

Rarfopele Adderall {mixed ampletamine sals) s used by
healthy normal individuals to enhance attention. Research
with healthy mommal parbcipants and these with atgention
deficit hvperactivity disorder indicote a possible imverse
relatienship between attentional function and creativiey. Thes
rinses the poesability that Adderall could decrease creativity
in people using it for cognitive enhancement.

Objective This smdy was designed to find out whesher
MSdderall 'irnpﬂl:rs r:n,:ﬁ.lrvii'_t,' in :I'tr_'aJ[h}' young wlules,
Material and metbods In a double-blingd Flim,.';;l‘m-:,:lnnl.nlltr_uj
study, the etfects of Addernll on the performance of 16 healthy
yomang adults were measured on four st of creativicy from
the psychological lierature: two tacks requinng divergent
thouglet and two requinng convesgent thought

Rezielrs Adderall affected pedformance on the convergent
ks omtly, 10 one case enbancing 1f, parteulorly for lowers
performing individualz, pnd in the other case enhaneing it for
the lower-performing and impairing it for kigher-perfurming
individuals,

Coaclusion The prelimmary evidence 15 incomsistent with
the bypotlsesis tha Adderall has an overall negative effect
on creativiey. I6s ethects on divergent creative thought canniot
B inferred with confidence from this study because of the
ambiguity of null results, [ty effects on converzent creative
thought appear to be dependent on the baseline creativity of
the mdivicuad, These n the |'|i5h|,rr range ol the nommal
distribution may be unaffected or impaired, wheeeas those

M. I Fazuh i34 - C. Hoiem - 0. Sankoorikal - A, Chaiterjed
Center fior Copmitive Meumscience, Univeragy of Penosy v,
1720 Walnut Street,

PMhaladelplds, PA 191, USA

s=ivinl: imlnralbd ey ch.upeonedil

i the lower mnge of the vormal dismbotion experience
enhancement,

Keywords Copnition - Creativity - Adderall -
Aunphetarnine « Neuroethics - Enhanceiment

The past dovades hos scen a rise i the use of prescription
stirmilants by normal beabthy ilividaads - for - cogrmitive
gnhoncement. MoCabe et al. (2005 estimated that 4% of
Armerican college students had vsed o stimulant for
monmetdical purposes m the past year and found that on
sne campuses, the past year prevalence was a high as
5%, Hundreds of sdult respondents to o Nature Magizine
poll o cognitive enhancement repoeted wsang predceipiion
rmianlant medication for s [l ET [hhhl.n' 2]

The most commonly used stunulants for cognitive
enhancement are Adderall [n:li,:-ir_u! amphetamme szl amd
Ritalin (methylphenidate), both of which are typically
preseribed for the treatment of atention deficit hyperscnv-
ity disorder. Their ability o enhance the cognition of
il Bealthy people has been demoansteated by a muanber
of bomtory studies with tests of problem solving and
executive fbcton (eg., Elliom et al, 1997,

The use of stormulant medicaton for cognitive enhange-
mznt By healthy mdividuads rakses o number of ethical
issges, which have become o fecus of descussion and
analysis i the newroethics literuture (e.p, Farah et al. 2004;
|:E!|.'|11c-r.| My Salakian amd Morein=Zamic 20807, These
ssnes Include safety. especially bhow a medication’s nek-
benefit watio i changed when the bewefit is enhancement
miher than therapy, They aolso imelude the mdividual's
freedon o enhance of pot o enhasce, The later may be
difficult o muintain when and of cognitive enhincement
b comes s owidespreasd thit it s preforned oF even expected

£1 Srringer



by schools amdl employers. Famess 5 another e maised
any cognitive enhancement, 05 15 odvantapes will undoubi-
edly e enpoyed dispropormonately by the wealthy and well
eonnected, Indesd, unegunl access to copminve enhance-
et may, over tine, lsave a deletecious effect on society
a% a Whola |'!|'_|.' [ticthier rudu-.:mu rruﬂ'a-i:li.l_l,r Tolwes meemei-
novmic clasees and imereasing sratification.

A ssue that has yvet w be wkbressed in the neuroethics
literature 18 the effect of cognitive enhancement on what
eobd be called “eopnitive sevie”. Do the prescription
stimulants currently being used for enhancement mfluence
the way people think? Move specifically, do they enhance
certwin fomms of thought ot the expense of crestmvicy? The
impact of cognitive enhancernent on the mdividual and on
society more genemlly depends on the answer W this
guestion. The socictal effects could be particularly conse-
quertial | tlj;.;nl.ri'-'u errhancemnent continuey o e mone
widely practiced and does decrense coeativiey, the effect on
.u:_ll:i-:.:l_'.-' as il '|.'rh.-::-\||.- s,:-l.:luld ]:-c! grue, |I “111L|:| LpglE=1y] I:s.'ss
creativity in our workforce and moowr leaders.

Paychologists define creativity as the process of access.
ing seemingly irmelevant o unreloted mfonmation in ways
that serve a purpose or solve a probbeny (Runco 20040, This
=siggests i a certain depree of distractability moy be a
requirement for cosatve tought, and the reports of some
creative imadhivaduads are comsastent with this, The mathemae
tician Poincare, who is afien guoted for his obscrvations on
mathematcal creafivity, emphasized the vilug of not
feusing one's mind but letting it range widely. He described
Creativiey s the descovery of “unsuspected Hin:d|i'|'.l. -
between facts long known bt wrongly believed o be
atraeers o one apother”, and he recounted his failuee o
=olve @ problem when he focused on i, anly o hove fhe
sofution come to mind fater {Ackenmon 20041 Charles
Darwin attributed his insights in part to his fendeney to
notice imelevant stirmuli, which he was se unabie to screen
et thad he requiresd absolute slence b work (Kasel 1997),
Besearch with ordinary people lends fumher support o the
assocrabion of creativity with distractability (e, Anshrg
and Hill 2003: Dykes and bdeGhie 1974; Finke ot al. 1992
Easof 1997 Mamimdale 19935 Rawlngs 1935 Wallach
|97, For example, normal adubts who scored highly on a
battery of creativity tests showed more infision eteers inoa
dichotic listening task (Dvkes and MeGhie |978), Similor-
ly, mdividuals with attention deficit hypermctivity disorder
(ADHDY are often desenboed as unfocused but creative
{Palludino 1%FFy, and & recent smudy of highly crestive
children founid that 0% met crtens for ALDHD 1H|,m|:,l and
Rucklidge 20040,

There is a small lnerature on stmulant effects on creatvity
in ADLD, bt the outeomes of the different stodies wee
difficalt to recoacile. Solasto and Weader ©1959) found that
methylphenidate enhanced the performance of children with

ADHD oo tests of cosativity, althoush only with repeated
testing, refative to the umrmested children whe apparently lost
interest in the gk Funk et sl (1993) found oo effect
Dougles ef ol (1995 found tht high doses of methyiphe-
midate improved the perfonmance of ADHD subjects on a
{e=id ol trL'::I:i'riI!}'. |"L11-I“1'|-', Gimtrtweaadd of al { 2008 foumd thie
methvphenidate impaired creativity in children with ADEID
by ome of ther measures, In sum, there 5 oo cless pattem m
the litermiuee on A and stimuobamts regarding stimmlant
efficts on creativity,

The meal of our study was to examine the effects of a
widely wsed stmulant, Adderall (moxed simphetamine
saltsh, on creativity 0 healthy young adults In overview,
we conducted a double-blind placebo-contolled sdy of
the effects of Adderall on the performance of healthy young
adults on four fests of cosabivity from the psycholegical
literatune, These fests were given as par of a larger battery
of cognitive tests. In order to capture as broad o sample of
ereative fhinkmg as posable, we adminstensd two tisks
requiring divergent thought and foo requinng convergent
thowight, and within each of these pairs, one cmplinsizing
verbol processes and responses wnd one emphesizing
mrvierbal popcesses and responses,

Maderial and methods

Parficiporis Siteen healthy adull subjects (four men, 12
womneni| bebween the ages of 21 and M0 {mean=21.25, 5D=
11,45 '|'.mrt|,1.'|'|'|:u1.:|.l. Exclusion criteria meloded the follow-
ing: history of nevrological or psychiatnic (liness, history of
epilepgy or seimune diseedes, history of glascorma, history of
gastroiniestingl blockage, history of beart disease, history
of thyroid problems, or history of a dingposed feaming
disubility, Subjects werg exchuded if they were regular users of
nicedbne, cocaine, opiates, nakcote pain killers, manguilizers,
methamphetamine, or cestasy (MOMA) Subjocts who con-
gumned more than T mg of caffeine per day weee excluded
from participation in the study, Futhermere, subpects who
vl wuefanin, phenyvtoin, phenobarbitol, primidone, nortipey-
ling, amytrypiyline, doxepin, desipramine, clomipeamine,
imiprarmne, finoxenms, Hovoxamine, pamzetine, serabine,
chonidine, grancthidome, p-amphetamine, methylphemidate,
and Wellbumnmn in the past 14 doys were not allewed o
participage, We excloded womsen wls wore pregnant or
|:||u.:|.:|.' 18] hﬂ;l]mr_' ]_'H'[.!E]’.liﬂl ;m-;| !lil,]l‘.'jl..‘l.i"i '.1.'|:'u'| rr.:ﬂu|ar|3.' hm!
over-the-counter  pntihistomines  like Clamnn D-24 or
HL-n:.l;_l.'r:r'l |.'.|:|E||:|d|'il} was deterrminesd basaxl on o a rlhqm-c,:
sgreemang seasion. The zmall size of our sample procludes the
mvestigation of gender effects m this sowdy,

FProcedure The data reported here wene collected i two
sessions of sbout 2.3 h, approxamaotely 1 week apar,



schedulbed o begin at the same fme of day angd begannma
mer later than 3:30 pd 5o that particepants would be femshed
by oo later than & ma. A separate 1-h session was schoduled
on A different day prior to these sessions For the purpose of
Parsiliavizing  participants with the fasks,  Familisnzatien
|I:|\'I.I-1'|-'L'|.| 'r!r_'l.'ui'l.'1n;.=I Ihl.: InsriscEims anid |'||..~1'I'nrrr.|i11.!.: prichce
trials. Participants were instructed to avoid eating o heavy
mend inthe 3 b |1ri|.r|; lix tuxtin].l:. "-";lxuu”'_t,' iqdiﬁ!:nguixh;ﬂﬂc
pills conmaining 10 mg mixed amphetamine salts or inert
ipgrechients weee adimirstered o the participants 30 min
before the begimning of testing by o reseoarch assistant
who was blied to pill idenoty. Half of the subjects
recerved plocebo first and hall received  amphetsmineg
first. Two versions of cach task, with different items, wers
used on the first and secomd day of festing, resulting m
cach fask wversion being performied equally ofien by
participants o u.rr.||'||1|.~:|urr|.i11:.: anld placebo, Four tasks o
agsess creativiny were administered in the same order for
cuch 1||.'|1-j-\_'|:|' the Altemabive Uses Task, the Reimde
Acsociption Task, Group Embedded Figures Task, wnd
the drawing task fiom the Abbeeviated Tosrance Test for
Adults. The testing session also included other fusks
wnrelated o creativity, which are oot desceibed further
here, ond tusk order was rotated over participants, Two
af the rasks (Femoto Assochdion and Altesnative Uses)
were performed ot varying points o the  session,
Betoveen 8 0.5 mnd 3 hoafer pill administration, with
orcler sadchel between the placebo wnd dnig sessions
for a given participant. The other tvo tasks (Embedded
Frigures and Tormmce) werne rlL-'r!unnl:l] a the el of the
session by all participonts, which s sbout 3 h afier pall
adiminisrat .

Remoe Assoctation Taek This provides a measure of
eomvergent creptive thinking and msightful problem solving
in the verbal demain (Mednick 1962, Pamicipants wers
presenited with three words ot s time and asked 1w supply
the one woerd that was associsted with the other three wonds,
Subjects had | mun o complete each tnad. Fifteen trads
wene presented ineach session, counterbalanced with drug
comdition, An exampbe of & trad is “manme”, “round"”, ansd
“rennis” (answer: “table™)

Crroup Emhedded Figuees Taxk This nonverbal task
feCuires participants w regroap the eloments of 4 gesanetric
il-'.!!'iijg.'ll Wiy s thiat :I'l_"'l'L'HI the ﬁHI:II'L‘.i L~1|:||.'||..-n'.|.-:|€-u4.| i|.'| kil
has been used as o test of convergent creative thinking
1."-.'|1|'|p|,r 1uehg: Whikan et al. 20027, An L":I\.iullp'jl.' 1% shown m
Fig. 1. The original test of FE iems was divided imo two
sets ol rine abministered o sessions |oand 2, amd in the
present study, participants outliced & many  embedded
figures as they could from ome fection in 3.5 set was
eounterbalanced with drog condibion,

Alternafive Lyes Tuek Thik i3 a steodaed measure of
divergent thinking, whose stimuli ond respomses ore verbal,
Following Carilfosd { 1957, participants are given the name
of an ohject and sskesd 10 come up with os many aliemative
uses ns they can: for the object within a specified hine
ru.'r'iml; fiewr this :tll:u.l:,.', the |'IL'1.'iI.I|,| s B0 |".u:'|'i|;i|'|:|.111x Wi
instructing with the help of an expmple: IF given "tssue” as
the object, sn example of an approprate aleermative e
wiould be a “Blanket for a doll”. They were wid that the
albemative use must make sense, 5o response such as “eal
s food” would not count, Three objects were mamed per
session: shoe, buton, amd key in one session and brck,
poperciip, and newspoper i the other, Session was counter-
balapced with drug cendition. The responses of the
partcipants were recorded and scored by three independent
Judges, Blind o condition, for onginalivy, fluency, flexibil-
ir;.-, amil detail of the response accorcding o the critena of
Cawilfiard (19571

Dvawing fack from the Abbrvigied Torrancd Tesi for
Al The Abbrevisted Tormoce Test for Aduls s a
stundardized, abbreviated form of the Tomance Test of
Creative Thinking (Goff 2002) used w0 sssess divergent
fhinkimg, 1t inchades two pictire-drawing tasks and o single
verbal fask. [noorder b make within-subject companson,
onily the pictune ity weee used, o mooeach tedmy
seesion. Pamicipants were given one of the pictures in Fig. |
{counterbalanced wath drey condition) and k] “Dse the
incomplete figure bedow to make o picture. Try o make
your prciune unosud, Your prelure shsilel coammumicate a%
interesting and 85 complete p story as possible, Be sure to
wive youe paeture a ttde.” They were given M0 9 fo casmy thig
ot Scoring was done by three mdependent judies, blind to
condition, accosding fo the citerin of Torance, with the
excephion that scores for the verbal section and tor the
relutions berween the mwo figures were omitbed. Thus,

Fip- 1 Example of an e fram E

the Embeddsd Figures Test i
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%
%
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performunce was sconed  according to nommereferenced
measures {Auency, orgimobity, elaborton, and flexibiliby)
and erteron-eeferenced  creativity  indicators  (opeinness,
unusysl visualization, movement, ondior sound, nehness,
andior colorfulisess of imagery, abstractmeas of title, context,
h}:ﬂ!llL“h‘iﬂ ol s O ae I_'|!:_|:|n:xl il|1'||.'T|1|.|] \-im.i.ul peTse Clre,
cxpressions of feclings and emetions;, amd fantpsy:; Goft
e[| | Fig, .

In contrast to the convergent thinking tasks, which have
shijectively right and wrong answers, participants’
responses o the two divergent thinking tasks must be
cvaluated by blind eaters, Three ondergraduate smudents,
blind to condinon, mated participants” productions m the
Altemate Uses task and the drawing task from the
Abbrevinted Tormamee Test according o the critena described
above. Thear rmtings have an intraclass correlation of .87
overall and were averigesl tor pumoses of the analyses
reported next.

Hesmlis

Ly overview, our data analysis consisted of outlier remowval
tollowed by matched pairs ¢ tests and analyses of vanance
for the effect of Adderall on creativity in esch of the four
tasks wnd regression anolyses 0 wsess the effect of
Adlderall ws a function of individual differences in creativity
in the four tasks.

Cheelier removal For cach task, any T!-?ll."l:ll.'iFH,lnl whisie
performance fzll more than 2.5 S0 from the mean in the
placebo o diug condition was eliminated from  the
analyses. Becoose the comparisons were within-subpect,
climitation of a paticipant™s data from ome session of a
ek, placebo, or drug resulted in the elimination of both
sggsions” data for that task from the analysis, There were
just forir outlers adentified amoeng the 128 subject-by-task-
by-dnig datn points using these cnteria; o other words,
about 3% ol the datn were classified as outhiers by our
method. These occurred onee fior each task, equally often in

Fip. & Figiipes fo e eomdboted b ohe Abbneviaiad Toettings TSl Fof
Addulis

Adderall and placebo sessions, and involved three different
paricipants (1.2, ong participant was an outher i two
tasksh,

Compairigon of performance on Addderall and plocebo
Matehied pairu I lests were camied oul ) assess the elTfecks
of Adderall on performance in the four creativity tusks, The
h}'pl.'llhl,rs.r_'ﬁ wmpder comsderation include  facilmabion of
pertormance by Addemll, impairment of performanee by
Aadferall, anel mo elMed of Addemll, Becanse we do not haye
i direetional prediction, reported g values are two-tailed.

We begin with the convergent thinking tasks. In the
Remote Associntion Test, participants obmined on average
507 ome of 15 coreect in the placebo condition and 500 in
the Adderall condiion, ®143=0.020, ns. In the Group
Embedded Figures Task, paticipants identified 6,07 of nine
shapes in the placebo combitson and 703 mothe Adderall
cobdition, 4 14}=-24T7, p=0.027_ Turning ta the divergent
tinking tsks, in the Aliernative Uses Task, participants’
responses werg scored 3392 on sverape scored in the
placebo condition and 33,45 inthe Adderall condition, #f 14)=
030, ns. Fmally, in the drewing fask of the Abbreviated
Tomwance Test for Aduls, pamicipanis’ pesponses wore rabed
1251 on avermge m the placebo conditeom and 1344 m the
Adderall comdition, §143=—1.019, ns,

In sum, Addernll relinbly affected performance on the
Embedded Figures Task., On this measure, Adderall
enhanced credtviey; particepants were rehisbly more able
o discover embedded shapes that requind distancing oneself
from the most natural purse of a L||r|:|:|,' patiern  amd
recombining the elements of thot pattern in o less obvioos
way, For the other thiee testd, averape performnance was
similar bebween the placeba and Adderall conditions, The
mwl] resulis with theas theee fasks could indicate a true lack
of effect of the drug on the ereative thought processes tapped
by these tasks or 8 lack of power i our experimental design.
Powier analysis suggests that with the smple siee we wed
and power of 0BG, we would be able fo detect only a
relatively substantial elfect of size 0073, whach s medium
large by Cohen's classification of effect sires, The lack of
druag effect on creativity in these thoee tasks should therefore
be interpreted with couteon, In contmast, the findmg of
statistically significant enhancement of creativity inone task
vun be inferprefed with confidence as contradicting the
hypothesis that Addersll diminishes coentiviy.

o exmriune the effects of drug aleny with those of
seagion order, we carmied out analyses of vananee with dnag
[."'|.|.||,||,'.1:1|.| or p|u¢,:|,:|:|u} FICE wilhl:u-r,u.hils‘:n\,' factor wd orcer
[Addemall first or placebo first) &= a betwoen-subjects facor
Fecall that orler was confounded with the specific items
presented in each sk The fiesst session test items were the
sane for all participanis, regandiess of whether they had
mken Adderall or placebo, nd the same was e for the



S

s=cond session test fterms, Alse nelevant fo the interpretiafin
of arder effects, on o different day prior o the first session,
participants received task instructions and  performed
proctice trials. Finally, order wis o between-subjects factor,
sy dncidenral differences in e o groups of participants
coiald il theimaelves i an “order™ elfecl m thes r:ll:u!:,.'.
A with the ¢ rest, the AMOVA showed that the effect of
lJ.TI,;IH Wik xi5.;|'|1:|':iL-.|u11 tor ::-1||'_|.' e L:lsk,_ Erthedided |"i:H:Im.!$,
YL, [3)=543, p=0031, all other tasks ns. Theoe were no
mmian effects of onder and no miterachions between doag sl
order with the exception of an interaction for the RBemote
Aanciates Test, FUE, [3)=2322, p<0.000, Examination of
the means mdicates that the drug enhanced performance for
thoze whe ok it second {fem 400 w 570 coreect on
averagel, whereas it mmpoired performance for those who
tiaok if fiest (from 500 10 4,18 on avesageh

Sfividival differences e deivg effect Given the finding that
Aoddeil] enbiinced |1|..":|'E|'-r|11.:||:||bu I one i:l'l,!illi\'i.l:r’ task, thi=
next sei of statistical analyses fested the possibility that
Adderall may affect performonce differendy in different
subjects, depending on their baseling or placeho level of
perfirmance. The dependence of a dug effect on partici-
pant level of ability con entirely mask the effect of the dmg
when the whole sample of pamicipants s considered
together This was first observed by Kimberg et al. (1997)
with the dopaming agonist bromoeeriptine. Their sample’s
imgan performance on an execubive Tunction battery was
numerically almost kbentical on drug and placeho, similar to
thix ﬁndmgh: with three of the tisks m this study, However,
after & median =plit on working memory span, if was toomd
thiat the lower half of the particigants unpeeved significantly
on the dug and the upper half declined by the same
amsount. A similar, though less extreme, pattern has been
found in studies of the effects of methylphenidate and
amphetumine on executive functions, including working
memory (Mittay o al, 2000, 2008 bebi et o, 20000 amd
inhibitory comtrol {DeWit of al. 2002% In these stadies,
participants who performed worst om placebo endsd o
improve the most with stimulant medication, wheosas those
who performed best tended o show less improvement os
even show worse performance with the stimulont,

To determune whether Adderall has an enhancing effect
ofF crestivity for the less creative participants that declines
of even reverses for fhe more creative participand, we
performed a regnesiaon analvses, The dependent meastine
wis drig effece. that i the ditference in performance
belween rllau.'t:h:a- anil Adderall, The |r|n;|r;'p¢r.uj|.'|:|l o |'I|'L'|;|:il.'l-
tor varshles were the paticippms” perfonmance on placeho
and the order in which they performed two comditions
iplacebe first or Adderall first). The former is & measure of
the pagicipant’s bascline akility level, Given the findings
Just cited of greater enhancement for lower-perfonmmg

inglivichasls, the prediction tested by the regression is that
Ioweer placebo pedommance will by associated with lorger
drug effects, and the p values are aceordingly one-tailed.

Placeho performance predicted the sire of the drug effect
i both of the convergent thinking tesrs, gp=(0L001 for the
Femote Associafes Test amd F-I'I.ﬂlil‘] o the Embedided
Figures Test. In each case, the direction of the melationship
WS ks |'|r|:1']:||."||.:-:|.: |:u'|.r.\u|.' enhancement elfects for lower-
pertorming individuads, The mwo divergent thinking rests
allicl mant shivw this pattem, For the Alermative Uses Task, the
drug effect was not significantly  predicted by placebo
pecfoemance, p=0.142, and the diawing task showed a
borderlime frend, p=0,082, but in the other direction (more
enhancement for better performing participants),. Consistent
with the results of the corlior AMOVA, the Remote
Asspgiates Test alse showed a significant order effect, with
|:|r31.'|; drug effects for participants who reeerved Adderal] m
the: first session, g={.002,

A FII'I;,II:I‘ILﬂn wath thiege H.r|:||3,'m.-.i 1% thal the 4!|:1'_||..-11.-;1|:.:r_u.:u al
drug effect on placebo performance could reflect regression
toward the mesn. That is, mw the extent that thete =
mensurement error in the dagw, porticiponts whe scored well
in the placebe condition eould be expected w seore bess
well on average inoa different session, and porticipants who
seorid poorly o the placebe condition would b expected
by score soanew hat belter on avenge moa diffenet session
The idenl way to assess the effect of & participent’s baseline
ahilty on the e effect would be o have a second
measure of plocebo perfirmance so that the measure used
a4 the FI|'L"|;|:|L‘II.1I.' varahle 12 not the ome used o calonlyte the
drug effect. Unfortenstely, we did not collect second
placebo measures with oy participants. A decomd-best
soluion is to replace placebe performance s a prediciors
variahle with the average of placebo and Adderall perfoe-
mance, To the extent that the drug effect is indeed larger for
participants with fower placebo pesformance, the use of a
placebo-Adderall averge will bias the results against
finding the hypothesized effect Howewver, at least this
methiod of testing 15 at lesst not brsed m fvor of finding
the effect.

We reanalyzed the datn from the o convergent
thanking tests nsing the averape of placebo and Adderll
petformmance & the cstumate of participants” baseline level
of greativity, along with session order os before, Despite the
bias in this analysis agaimst finding an effect of baseline on
JlruH I.:I'I:.:.L'I!r thix :|'u|:ulii_:-'r|:".11-:||'| retrnamed 'sia.p'|1!|'ﬂ.':m1 feir this
Bemote Associates Test, p=0.027. For the Embedded
Figures Test, which showed an overall sagmificant enhance-
memnt with Adderull, the wend for grewter cnboncement for
[ower-performing subjects was horderdine significant, p=
f.0sn. Figure 5 shows the performance of  paticipants
whise average placeho-fadderal]l performance  levet fell
phove the median {letth and belivw the medmn (right) m the



Flg: 3 Menn performmnce o

participanis woase overall pesior-
mnce wis below ar zbove the
medimn (af the meas of placeho
and Addemll comdilines) on
slscebr (bt mad on Addemll
fwiuied = the a Beomaie Ao
cranes Test amd the b Embealded E
Fipomes Tesk Camvistingnl smor E
§

thars w=e ool shown becus:
placeho—Adderall Conariaes
A wilinii-gibaecy

Balow 1ho Madizn

placcho and Adderall conditons of the Remote Associates
and Embedded Figures Tasks

Driscussion

Des cognitive enhancement with Adderall impair creativigy?
In this preliminary. expleration of the ssee, using Four
aifferent tests of creative ahality in healthy young ochults, we
fisund oo evidence of a general impaimment. Cn the conteary,
Adkdernll enhanced perfommance on one test of comvenzent
creative thoughit, Foo this est, the Enbedded Figures Test,
ihere was also a trend towand dispropotionate enhancement
af the lower-peforming  participants. For another test of
comvergent crestive I!|'.|1,'-||_|.LI:|I!. the Fermte Asaocinte Test,
Addderab] aleo affected performance, althoueh the direction of
the ofTect -:I:f_'|1|.'|:||!|.'|.| o the crzlivily of the eatprant; the
drup enhanced creativity for the lower-perdfomumg pareipangs
and impaived it foe the higher-performing participants. This
paitern has heen noted me other sdies of shmuolants and
cognition and is nod usique to ceeative thoughe {DeWit e al.
20012 Mty et al, 20000, 2005; Mehta et al. 20E,

Thise results are reassunng in view of the increasing
number of bealthy people wsie stamulast medwcatms o
enhince cognition, They suggest that healthy individuals
secking o enbamce their cogmbve akalities with Addermll
are nat necessadily impainng their creanvity. However, just
as shmulants gy ompede kigh abality mcividuals moothes
copmitive msks, Adderall may ompar rmther than enhance
the creativity of highly creative individuals, judging from
the results of the Bemote Association Task

T'he present study assessed creativity using four diffesent
ks, meinding weckal and nonverbal wesgs of converent
and divergent creative thooght. Adderall was found w
affiect performance on the convergent tasks only, Although
this may reflect a fundamental difference hetween the

#borea 1he Median
WOn Placobo. 0 Ch Adkderall

Maan Performance

Abowo the Madian
OEFTadderall

Balces tha Miesdian
mEFTplncobko

effects of Adderall on convergent amd divergent thought, it
may al=o refloct differences m the sensitiviey of the ks,
By their nomre, convergent thinking tasks have aohjoctive
ri].l:||1 answers, Wherdis the siaccess ol di'rl."rg-:.'nl IJ|ir|E.:1ng 1
a more subjective matter and must be measured by the
RIS ol others .'".|I|'||||.|;.-:|'| Tl T g T 'r|.'||.a|'.||||ly Was
o, 1t wras ot perfect, and this would meke the divergent
tasks wesker nstruments for INEASTrTHE |Jn.|;;_ eilects on
ereativaty than the sonverpent tasks,

Chhier aspects of the design that would be expected to
influence the sensibvity of the expenment include sample
zize, test length, dosage, and dose timing. Abthowgh a savaple
aof 1o participants ix compsaribde in si#e ooseme samples used
to demonstrate effects of stimuolant medicatons on healthy
participants (e, Mehiaoet al, 20000, there 5 no dowbd that a
larper sample would confer more power on the study. Tests
with mrore teing for each task woukd alsoe have a henefical
effect on the sensitiviby of the nesearch. Altheupgh the dose
wi used, 10 me, 15 a comamonly wsed dose for therapeutic
nnd resewrch purpeses {eg. de Wit et ol, 3002, many
sudies have uied higher doses, and a higher dose in the
present stucy might hive led o differens results. Fioally,
abtthough teo of the tasks were administersd approximately
3 h after pall mbmanestration when plassn levels of the drag
wirntild be high ¢the Tomance test and the Embedded Figurcs
last ], the g of two olhers vared over Pt pamis,
with some performing them us early as 0.3 hoafter pill
adrmmrstration whe the drog effects would have been just
omsetting (the Altemnatove Uses Tosk amd the Bemote
Agspciation sk Taken towether, these considecotion
sugpest thut the eifects of Addemlil on creativigy may well
bave been underestinated by the present ddy. Meves-
theless, the |'|1|-;,l.|11],:'\.' of reliable enhancement effects of
Adderall in one sk wnd ability-dependent effects in
anather tsk el s that the answer 1o the tithe guestion &
vt B simple “yes"”, The nevroethical wormy that widespread



stirmubing use coukd creite a genersl downward shift i the
creativity of the population 15 sssuaged by the present
regulis,
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