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20. (conct.)

differential effects of alcohol on Lypothetical stages of informatiom processiuy
and the mediation of alcohol deficit by extended practice. Recently our studies
have investigated alcohol affects froam the perspectives afforded by contemporary
theories in cognitive psychology.

During the report period we completed the fourth in a saries of studies
assessing the effects of acute alcohol intoxication cn memory processes in nor-
mal, young adult men. The study employed 46 subjects and three experimental
casks in an attempt %o confirm and extend earlier findings with regard to the
vulnerability of several hypothetical memo\y processes to moderate levels of
intoxication (blocd alcohol coatent, BAC = 100 mg2). The paradigm assessed per-
formance on free reacall, multi-trial free recall, and recognition tasks. The
results confimed earlier findiags of (1) an alcohol-related deficit ia recall
from both short-term store and long-term store, and (2) ac alcohol-related
impairment of organizational processes, as assessed by various measures of sub-
jective and objective organization. In addition, the correlations between the
organizational measures and measures of recall were substantial (T = .76), thus
confiming previous f{indiags.

Alcohol produced nearly equal decrements in recognition and free recall
performance. This finding suggests that the memory scaoning function of the
recrieval process is unimpaired by alcohol. Recall stability, however, was
markedly reduced by alcohol. This suggests that the intoxicated subject may
have lictle difficulty locating an item in memory, cut may be severely impaired
in the ability to decide whether the itew located is appropriate for emission.
Signal detection analyses of the recognition tasks in.icated both an alcohol-
related decrease in the d' stacistic and an increase in 8. Thus, the moderately
intoxicated individual clearly is experiencing an impairment of memory 2nd may
be attempcing to compensate for the deficit by increased caurion. Although cau-
tion was not assessed in the free recall tasks, one would expect that a resul:
of increased caution would be a2 decrease 1. the number of wnris "recalled".
Objective organization, as assesscd in the prasent study, requircs the
subject to anaiyze the to-be-remembered items at the level of nzaning. There~
fore, the alcochol-related icpairment seen in measures of organizational procesced
very likely is a reflection of impaired encoding. Usfortunacely, the tasi de-
signed to assess level of encoding produced inconclusive results. Overall, the
results of cthe present study were comsistant with the hvpothesis of 2 disruptioa
of encoding process in moderately incoxicated individials; but a definitive test
£ the hypothesis is yet to Se a:ade.

The gsecond project examined the combined effects of alcohol and task diffi-
iculty on speed-accéuracy tradaoff in auditery choice r2action time. Th2 results
confirmed those fouad by the Walter Peed group, showing that alcohol produces a
dose-related decrcase {n the slope paraceter of the speed-accuracy tradeoff funce
tion Lut has no systematic effect on the intercept parameter. Thus in speedea
chcice tasks, the modaerately intoxicated subject can sustain high accuracy but
dcas so with considerable loss of speed.

Task difficulty was zanipulated in this study by varying the rule for mape

ipiaz the response on the stizulus. The side-discrimination task reguired the
isuzject to respond according o a highly compacible lelt-cight position rule.
The pitch-discrimination casg vequired the subject to disragard posizion (2ar
seizmulaced) sad rTespond o pitch according 5o 3 lefsirizket rula., Reiction timas

reve longar for the pitcih thaa for the side task. Tha task Jifflculty varisnla
irfluenced the inzercept buz a%: zhe sisre of tha spred accuracy tradaeff fu-e-
siza, and 1its effecss were :indgpoadent of these of glzstel The ianlation of >
‘c3ex effect on the iatarcaz: potameter proasdly reflects increstad requirarenis
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20. (cont.)

for stimulus prccessing in the picek discrimination task, and the absence of a
task-by-alcohol interaction effect is consisteat wi.h our earlier conclusion thas
alcohos influences output cognitive processes associated with response decisioas |
iacher than input cognitive processes such as stimulus encoding.

The third project employed two visual choice reaction time tasks (Digit-Key:
aud Light-Key) and sizple reactiom time to investigate the effects of alcohol ono
information processing at two levels of practice. Correct responding in the
Digit-Key task requires the subject to translate from a numerical to a spacial
code, whercas for the highly compatible Light-Key task the stimulus and respouse
codes are identical. Employing the two visual choice tasks with 3imple reactiom
tize, subtraction procedures are used to obtain estimates of the durations of
two hypothetical stages of information processing, translation and response
selection.

In both the short (100 trials per task) and long (2,000 trials per task)
practice groups, alcohol slowed performance om both of the choice tasks. At
both levels of practice, alcohol produced significant increases in the estimared
duration of both hypothesized stages of information processing, translation and
response selection. In the short practice group, alcohol had no effect on
simple reaction time but in the loag practice group sirple reacticn tize was
sloved. Although practice {mproved speed in all three tasks, it did not prevea:
alcohol-related deficit on any task. With repeated alcohol doses spaced 48 hrs.
apart, there was evidence that the subject does not "habituare" to alcohel
effects such that impairment is reduced im a second alcohol session. Tn fact,
there vere trends in the data suggesting that alcohol interferes with the
beneficial effects of practice.

The results are comsisteat wizh our earlier conclusion that alcvhol effects
are targeted upon output cognitive processes associated with selecting and
organizing the response. They extend this work by showing that alcohol also
causes slowing of a more cencral cegaitive process, stimulus ctc response
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EFFECTS OF ALCOHOL ON HIMAY INFOR'ATION PROCESSING /

@
Susmary
-

Although the three investigations supported by this coatract are independent
studies, each examined the effects of alcohol on cognitive processes associated
with {nformation processing or memocy. The principal aim of the first project
was ro analyze the effects of alcohol om organizaticnal processes {n human
memory. The aim of the second projeut was to investigate the effects of alcohol
on speed-accuracy tradeoff fuactlons in auditory choice reaction time perforaance.
The third project employed visual choice reaction time tasks to study the
differential effects of alcohol on hypothecical stages of information processing
and the mediation of alcohoi deficit by extended practice.

During the past several years ve have directed consideratble effort toward
explicating the effects of moderate alzohol intoxication onm aspects of human
performance. Recently these studies have investigated alcohol effects from the
perspectives afforded by contemporary theories in cogunitive psychology. The
work on alcohol and human memory began with the examination of azlcohol effects
on short- and long-term memory "stores" as postulated in several serial stage
models of memory. Subsequently, the emphasis shifted toward the effects of alcobol
on such hypothetical processes as encoding, orgzanization, and retrieval of informa-
tion in memory. '

During the report pericd we completed the fourth {n a series of studies
assessing the effects of acute alcohel intoxication on memory processes in cormal,
young adult men. The study employed 46 subjects and three experimental tasks in
an attempt to confirm and extend earlier findings with regard to the vulnerability
of several hypothetical memory processes to moderate levels of intoxication
(blood alcohol content, BAC = 100 =g3). The paradigm assessed performance on
free recall, multi-trizl free recall, and reconnition tasks. The results confirmed
earlier findings of (1) aa alcohcol-related deficit in recall ‘rom both shors-ter=
store and long-term store, and (2) an al:zchol-relsted izpairment of orgazizational
processes, as assessed by various measures of subjective and sbjective organizatioca.
In addicion, the correlations between the orzanizational measures and =easures of
recall vere subscantial (¥ = .76), thus confirming previous fiadings.

Alcohol produczd nearly equal decresants in recognition sad free recell
performance. This finding suggests that che memory scaaninz function of the
retrieval process is unimpaired by alzchsl. Recall stabilicy, however, was
markedly reduced by alcchol. Thiz suzgests that the intoxizasad subiect =3y have
lictle difficulty locating an item in me=o0ry, but may be severaly impaired ia the
abilicy to decide whether the item locazed is appropriate fcr cmission. Siznal
detection analyses of the reccgnition tasks indicated both 2n alcohol-ralated
decrease in the d' statistic and an i=crease {n 2. Thus, the coderately inzoriczzed
individual clearly is experiencing an imvairment of =emory wnd may be atzempting
to compensate for the deficit by incraised caution. Althouin caution was not
assessed in the free recall tasks, one would expect thit a rasult of increases
cautiecn would be 2 decrease in the nuzber of wocds "recaileil".

Objactive organizaticn, as assasscd iz the presens steiy, requires the sudjecs
te analyze the to-Le-remember-ed ite=s 2t the leval of -sani-z. Tharefors, :the
alcohol-related {mpair-ant seen in =wasuras of orzanizational srocessas very likelw
<3 a zaflection of {rpsired encoding. Usisrsunscely, thes &.:L desipcnesd =0 233233




leve. of encoding produced Inconclusive results. Overall, the results of the
present study were consistent with the hypothesis of a disruption of encoding
process in moderately intoxicated individuals; but a definitive test of the
hypothesis {s yet to be =ade.

The second project examined che combined effects of alcohol and task diffi-
culty on speed-accuracy tradeoff in auditory choice reaction time. The results
confirmed those found by the Walter Reed group, showing that alcohol produces a
dose-related decresse in the slope parameter of tiie speed-accuracy tradeoff func-
tion but has no systematic effect onm the intercept parameter. Thac is to say,
alcohol had no effect on fast but relatively inaccurate performance but produced
substaatial deficit {n relatively slow but accurate performance. Thus in speeded
choice tasks, the moderately iutoricated subject can sustain high accuracy but does
so with considerable loss of speed.

Task difficulty was manipulated in this study by varying the rule for mapping
the response on the stimulus. The side-discrimination task required the cubjecs
to respond according to a highly compatible left-right positior rule. The pitch-
discrimination task required the subject to disregard position (ear stimulated) and
respond to pitch according to a left/right rule. Reaction times were longer for
the pitch than for the side task. The task difficulty varisble influenced the
intercept but not the slope of the speed accuracy tradeoff function, and its effect
were independent of thcse of alcohol. The isolation of the task effect on the inte
ceot parameter probably reflects increased cequirements for stizulus processing in
the pitch discriminacion task, and -he absence of a task-by-alcohol interacticn
effect is consistent with our earlier conclusion that alcochol influences output
cognitive processss associated with resgonse decisions racher than input cognitive
processes such as stimulus encoding.

The third projezt e=pioved two visval choice reaction time casks (Digit-Key
and Light-Xey) and simple reac~ion time tc izvestigate the effects of alcohol on
information processing at two levels of praccice. Serial stage oodels of choice
reaction time postulate that the longer raaction times found for the Digit-Xey
task are due to a translation requiremeat tor that task whien is not present in
the Light-Key task. Thus, correct responding in the Digit-Key task requires the
subject to translate froz a numerical to a spatial code, whereas for che highly
compatible Light-Key task the stimulus and respounse codes cre identical. Eaploying
the two visual choize tasks with simpl. reaction time, subtraction procedures are
used to cbtain estimates of the durarions of two aypothetical stages of information
processing, translaction and response se.=2ctina.

In both the short (100 trials per task) and long (2,000 trials per task)
practice groups, alcchcl slowed performzaca on btoth of the choice tasks. At both
levels of nractice, slcohol producaed significant inc:eases in the estimated dura-
tion of Loth hypothesized stages of infcrmaticn procassing, translation aud raspens
selection. In the short sractice group, alcsliol had no effect oa sizple reaction
time but in the long prictice group sim;lz reacrica time was slowed. Althoush
practice improved speed iz all three casks, it 4id not prevert alcchol-related
deficit on any task. Wwich repeated alcencl dases spaced 43 hrs. aparc, there was
evidence that the sudject cres not "habituate” to alcohol effects such thac impair-
=ent is reduced in 2 se2cnd alcohol sessicn. In fact, there wire trends ia tha

£
data suggesting that al:ccnol interferes wizh cthae beneficial effeces of sractice.
The results are consistent with our 2ar)’er coaclusion that alechal effects
are targeZed upon outpus comnitive procese:s 2ssociated wish salecstinz =g
organizing the responsz. They extens our aariiar wark 5y sdswing that alesinl
2.s0 causes slowing of 2 zore central ccinitive process. stimulas =0 ra2ssonse
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cramslation. Pimally, the results {adicace that practice wp to 2,000 crials,
spaced over several days does not protect performance against the impairmenc
associated with moderate intoxicatiom.
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? ALCOHOL AND MEMORY

Tiree previously cocpleted experiments using free recall and free recall
learziag had led to the following tentative conclusions regarding the effects
of acutc alconol intoxication om human mesory processes:

1. Alcohol i{ntoxication (BAC = 100 mgi) produces a substantial and reliable
effect oz recall from long-term store (LTS).

2. TIntoxication at this level also lcads t> a smaller and somewvhat-less
reliatle {mpairment of recall from short-term store (STS).

3. A moderate increase in errnrs of commission (statistically siznificanc
in one experiment), and an interaction between the effects of alcohol and » task
variable, list length, suggested that the alcohol deficit seen im output "« a
LTS =a¥ have resulted from impaired organization of items in LTS and/or from
i=mpzaired retrieval. Data from the third experiment »f the series indicaced
that iztexicated subjects were impaired in the use of objective organizationsl
aids as indexed by a reasure of clustering. In addition, zhe clustering measure
correlared strongly (r = .87, p < .001) with the criterion measure, total
correct recall.

4. 1In two experizants the task variable, forced intcr-item rehearsal (F12),
was ecplcyed to load the STS-to~LTS transfer mechanism. The two levels of FIR
exployed were one or five verlal repetitions of each to-be-remembered icem during
the 2 second interstimulus {nterval. GClanzer and Meinzer (1967) have shown that
such forced rehearsal izpairs outpur from LTS, but not fros STS. Thus, these
investiz2tors have avpothesized that FIR interferes with the transfer of fcecs
froa 575 o LTS. 1In neither of our cwo experiments emploving FIR x#s a task
variable 7as there an interaction between the effects »f FIR and alcchoi. Thus,

our darz <o not supo~rt the hypothesis that alcohol invarferes with 5TS-co-LTS
tvizsier.

The completed work, reported below, is a fourth study in the series
iavestiiating the effects of acute alcohcl intoxication on huwsn memory processes.
This st.cy was designed tc test the fcllowing hypotheses derived primarily freca
the previous experimen:s in the series:

i. Alcohol (ZAC = 100 mgR) iwpairs recall from twc hypothetical mecory
scoTes: 515 and 1S.

2. Alcchol {apairc retrieval >cocesses.

J. Acute intoxicavica mimics in certain ways alcoholic Yorsakoff syndrome.
Ia partic:lar, acute iatocication ‘mpairs encoging processes, leading to processing
4 zia2llow levels (i.2., at phonemic levels rather than at sermanzic levsls,.

4. Alcohol impairs srganizational processes and specifically {acerfarss with
the use o7 objeczive orzanzizacional aids presect in the to-be-remember2d cazerial.

~orez groups of subjects participared {n the exp=ri=eat. Subjecss iszismed
to Sreur L came to the lugoratory onm two successive dars. These subjects recslived

a 2laze:s on Day 1 and 2 =acderace dose of alecohal on Day 2. Half of =ke Sraus
3 serformag Tasas a2, 2, and 3 or Day 1 and ropeats

:sing Group i sudjocts perfucmed only Task la 2a © '
i 3 It Zavy 2. Subiests asgicned to Greup 2 (placedsn) 2ad Grau= 3 {al:sh tane
IS the J3Tsratory on one d2=asion only, and performad I3.xe $, 2nd b
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approximately half of the subjects (Cecup 1) performed Task ., whils the remaind
(Groups 2 and J) performed Task Ib. All wubjcsts performed Tasks 2 anu 3. For
claricty of presentation the tasks wiil be reported separately.

Tasks 1a and 1b: Tree Recall and/cr Xecognition
lu.troduction

[f alcohol impairs retrieval Troa LTS, then a task wvhich eliminaces
retrieval or, at least, reduces the retrieval load should show less !mpairment
thas a recall task. Recoznition tasks are generally presumed co regquire either
(1) no retrieval ac all /j.e., scarch-{rae retrieval; see, Anderson & 3ower, 197
Berzbach, 1967; Bower, Clurk, Lesgold & Winzens, 196%; Xintsch, i196s, 1970;
Murdock, 1571; Norman & Waugh, 1968), or (2, a substantially reduced reirieval
load {Shiffrin & Ackinson, 1969; Tulvizg. 3970; Tulving & Thoapson, 1971). 1In
either case, alcohol might be expected to hava lesser effects on cecognition tas
than ca free recall.

Methnd

Subjects. Forty-six male volunteers (ages 2/-30) were recruited {rom
neardy colleges and universities and were pail for their »~articipation. Two
sub jects became nauseous after receivizg alcohsl, leavi~g a total of forty-four
subjects from whom Jata were collecraé. Subjects wr ‘e randonmly assiyned to 2ne
of three zroug Group 1 subjeccs (% = ™)) came to the laboratory on twn
Successive days and performed Task la {“ree recall and recognition). They
received a placebo on 2ay 1 and a =nderas: se of alcohol nn Day 2. Subjecta
assizned to Groups 2 (N = 11) ana 3 (X = 12)* care to the laberatury on cne
occ2sion and perforned Task 1b (recag=ition}. OGroup & recaived placedo drinks
on tiLeir cingle session, and Gee.p 3 recaived 1 moderate Jose of alconsl. Subje
wers tested ia grovps of three or four,

Al :3. Subiests ware fasted (water ercepted) f
at least four hours teafere coming to the laboratory and vere requested to refral
fros taking any drug fcr at least 24 hours pricr to participation. Yeae of the
sub ects were currently receiviag orescriztica medicaticn. The alcchel dose
consisctea of 1 g 95% ethanol per kg ocdy weighi mived Ll:s+ with orange drink.

The co:tal beverage was divided iato thre= drinks and Lonsumed sithin 27 =inutes.
Placeho consisted of an {deatical "oli-ie of oringe drirk (twtal 4.8 =«l/kg) with
4=5 =1 erhanol floated on cthe top o7 ~ach of che chree Jdrinks. Initial Areackal:
measurer of RAC were taken 30 minuces following consumption of the final drink.
Teo suzsequent PAC determinaricns were arde follawing Task 1 (about 25 minutes
later) and Task 3 (about 60 =iautes 3f:1r the {afiial measuromont).

ﬁf"_c_"_'ﬂlfg- Task la consistaed 27 ‘caw pazsll »{ ten li-word lis=s. 2ach lis
beizz followed by a recognition task. Afzer rssts -f free recall and recovaition
sub‘zz2s performed a final free re~all 2f tie Jords fn all lists. Harh ilss

s
dee
consisiad of 13 Zanlish werds of cnz 37llzaia. The words worn of hijh {rrguency
1~ - - g . 3

202 38 2 20d 3 were plansced £0 fncl . .e L2 £utialas earth o 7! s
wers L9 resuls of & schezulian ecrsrs.
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according to both the Thorndike-Llorge (1944) and Kucera-Francis (1967) norms.
Words were projected on a large screen at a Lwo second rate by means .f a Kodak
Extzgraphic slide projector. End of the list (beginning of the recall iaterval)
vas signalled by a blue slide containing five questicn marks. Subjects were
ifastructed to vrite as many words as they could remecber witho'.. regard for order
of presencaticn. The experiaencer suggestel to subjects thut pricr research had
indicated that the most efficien” recall strategy was to first write the last

few items and thea try to recall items from the first snd middle portions of the
list. Immediately following each free recall period, subjects wvere presented a
page coataining the 15 list words randomly mixed with 30 lursg. Subjects
responded to each item by circliag z nuaber from 1 to § -2 indiicate his confidencs
that tha wverd vas or was not 1 nember of the preceding list. Following the teath
nrresentation-recall-recognit.on cycle, subjects were asked for writtem final fres
recall of all lists. Nioety seconds were allowed for free recall, threc zinutes
for tre subsequent recognitioa task, and five ainutes for final free recall Two
sets of 1M lists vers used for Task la. Half of the Creup I subjects received
Lists 1-1G on Day 1 and Lists 11-20 on Day 2. The remaining subjects in Group 1
received Lists 11-20 on Day 1 and Lis:s 1-10 on Day 2.

Task 1b (recoynition-final free recall) was {deantical to the foregoiag
except that subjects performed the task oo one occasion only and immediate free
recall wvas omitted. Thus, the recognition subtask i=zmediately followe! list
presentativa. Written final free recall followed thes teanth presentation-recogaitsixx
cycle. Task 1b was performed only by Groups 2 and 3, and these subjects, therefore.
served as a coutrol for the tize elapsing between list presentation and mesory
assesscent.

Resuits and Di~cussion

8loo¢é aicshol concentraticns. For the placabo condition (Gruup l-Day 1
and Group 2J) e¢ach sudbjact's maxizum 3AC was well bdelow 10 mgl. Mear 3aC for
sudjecets in the alcohol condizion (Croup l-Day 2 and Group 3) averaged 87 =gX.
Means mud standard deviacions for the three BAC doterminations are shown in
Tadle 1. During Task 1 the sublects' mean BAC rose from 32 to 96 =gi.

Task 13: TImmediate froo recall of 15-mrd lists. Por analysis the

15 serial positions were ccmdined to form five blocks of three positicns each
(¢.8., 1=3, 4=6, etc.). Alcohol produced a reliable decrement in ic—ediate
recall (F 1, 19 = 24.15, p < .CCL)t. The serial positica curves for Soth alecolol
and placebs condizions vere of chz tvpical U shape, and the F ratio for serial
pesition was highly significane (I &, 76 = 33.17, p < .0QI)r. HMHovever, the
interacticn detween drug condition and scrial position vas nonsignificant

(F &, 76 = 1.13), and the simple 23in effect of drug wvas significant for the
final three iist positions (T 1, &3 = 4,15, 2 < .05). These resulss confir the
three previcus expuriments and i=3.v that slcorol i=gairs cthe recall of itecs.

in both long- and short-term staraie.

Mean arvors of commission (i.2., werds "resallad"” that vere not =emders

of the list) wore 3.35 and 11.32 fo7 placaso aad L sonsitinng, fesdaltivelr.
The dilferenze, hovever, vas not sijmificane (g . Yy, Thus, i theve
2700200 tS =230 ervors of coemission was tonsistent sher for {msoxicatad
*Frantficsne 82 3 < Q5 or hetter, Toa~asvametric tiests

‘s
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Table 1

Blood Alcohol Conceuntration (N = 33)

— =
Tiwe since consumption of beverage (minutes)

30 55 40

BAC (2gX)
Mean 82 96 83
S0 13 R Y 14
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subjects, but the difference between alcobal and placebo was stactistically
sigaificant for only one experiment. Across the three experiments the average
increase in commission errors from placebo to alcohol conditions was 86%.

T. 3 o f r « For Loth sober
and intoxicated subjects, nearly twice as many items were corrrctly identified

in the recognition subtask as were recalled in the immediate free recall subtask.
Hovever, alcohol reliably reduced the number of correct recognitions (g 19 =
4.10, p < .001)t. Iatoxicated subjects tended to commit iewer false recogni-
tions (false alarms), alchough this result vis not quite significaat at the .05
level. There was no significant difference between the wmount of alcohol-related
decrement in the immediate free recall task and the recognition task. This was
true vhether decrement was calculated on the basis of aumber of words (¢ 19 =
1.03)* or on proportional change (£ 19 = .48)*. Thus, there vas no iandication
that che retrieval operation of memory scanning was the target of the alcohol
effect. The signal detection statistics, d' and 8 were calculated for both
alcohol and placebo conditions of the recognition task. The d' estizates wece
lover {a the aicohol comdition, again indicating a reduced ability to identify
list icems (p < .021, sign test). A significantly higher 8 statistic for the
alcohol coadition (s, < .006, sign test) indicated that when intoxicated, the
subjects wvere more “cautious", {.e., less willing to identify items as being
list items. Coaversely, once committed to a response, the subjects tended to
have a higher degree of confidence {n their responses when intoxicated than when
sober (£ 19 = 2.07, p < .10; p = .06, sign test). Indeed, the degree of confiden:
vas significaatly higher in the alcohol comdition (p < .05) for each of three
response categories: hits, correct rejections, and misses. Cnly for false alarms
were intoxicated subjects less confident than sober subjects. Howevar, this
latter trend was not statistically significasc (2 19 = 1.22)*,

Task 1b: Immediate recogniticn. The possibility remained that the delayed
recognition task failed to show a disproporticcate improvesent over immediate fros
recall performance in the alcohol condition ‘ecause recoznition followed recall.
Therefore, twenty-four additional subjects (Crsups 2 and 3) perfor—ed the recog-
nition task immediately after list presentation without interveaiag free racall.
The impairment i{n immediate correct recognitions by the alcohol greup (=153) was
similar to that found with recognition following free recall. However, with
indepencent 5. nups and smaller saaple sizes, the alcohol effect did not reach
statistical sigrificance with the parametric test (f 22 = 1.67)*. As in the
delayed recognition task the alcohol group had lower d' and higher B8 scores,
although neither reached significance. When the number of correc: recognitions
wvas comparad for tha imedlate and delayed tasks, no significant difference was
found for alcohol (g 31 = 1.04)* or placebu (g 29 = .95)* conditions. Thus, the
data support rejection of the first hypothesis (viz., that alcceol interferes
vith the mesory scanning aspect of retrieval).

Task la: Final free recall. Final free recall was performed by all subjects
However, Croup 1 (Task la) represc~ts a within subjects desiga, while Croups 2 anc
3 (Task 1b) require between subiects analyses. For Group 1 alcshol reduced the
guzber of words recalled from a mean of 26.4 o 10.3 (¢ 19 = 6,32, 3 < .00L)T,
and increcsed the aumber of arrors of commission froa 16.0 to 3.3 (g 12 = 2.48,
2 < .05;%.

*Nonsignifizant by non~rarametric tes:.
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A set of curves wass constructed by calculating the mean recall for each
list and arranging the lists in order of presentstion. These data are displayed
ia Figure 1. Main effects were significanc for drug (P 1, 19 = 54.2, p < .00L)¢
and serial position (F 5, 171 = 13.3, g < .001)+, as vas the drug by serial
position ianteraction (F 9, 171 = 3.91, p < .001)t. Differences between the curves
vere significant at the .ClL level or better (F tests) for the fcllowing list
positions, 2, 4, 7, 8, 9, and 10. Examination of Figure 1 reveals that the
placebo condition's advantage over alcohol steadily increased from List 6 to 10.
An hypothesis that alcohol interferes with consolidation processes might predict
that alcohol-placebo differences would be greacest for the inicial list and least
for the final list. In other words, i alcohol iaterferes with comsolidation
processes, those lists undergoing consolidation for the longest period should be
the most affected. - Of course, such a prediction assumes a consolidation process
lasting several minutes or loager. The present data are contrary to such an
interpretation. However, note that the interval separating presentation of the
inicial list and final free recall test was only about 45 minutes, and the number
ef words recalled by the intoxicated subjects was small (mean = 10.? vords).
These data, therefore, do not represen: a stringent test of a consolidation
interference hypothesis.

Task Jb, Croups 2 and 3: Final free recall. For final free recall the
placebo and alcohol groups recalled an average of 15.4 and 5.3 wvords, respectively
(¢ 22 = 4.01, p < .00L)t. Unlike the results with Grouvp 1, however, Group 2
(placebo) subjects tended to have more commission errors than did the Croup 3
(alcohol) subjects. Both Group 2 and Group J recalled significaatiy iever words
than Group 1 (p < .01, ¢ tests)t. The relatively superior recall by subjects in
Group 1 probably reflects the facilitating effects of immediate recall. Serial -
position curves were not analyzed because of the very lcw scores (mode = 0) among
the zlcohol subjects.

Task 2: Intra-List Recommition
Iatroduction

Tasks la and lb axaxined the effects of reduced retrieval load ca alcohol-
izpaired mecory. The results suggested chat the semory scanning aspect of retrieval
is not disrupted by al:zohol. Perhaps, then, the memory deficirs experianced by
intoxicated individuals result from storage difficulties. 7.  source cof the deficit
may lie in the manner in which intoxicated subjects organize (or fail to organize)
nav {tems in memory. A second related possibility is that intoxicated persons
may not encocda the TBR items efficiently. Task 2 was designed to test the latter
noticn.

When a T3P item is stored in LIS, a certain zooumt of ancillary information
must be stored with the {cem (Andarscn & Bower, 1972; Shiffrin 5§ Atkiason, 1%69;
Tuiviang. 1970). The amount and nature of the ancillary informaticn stored
probably has a strong effect on the item's retrievability. Storaze of ancillary
information with the TBR izem is comonly termed "csding'. 1II alcohol imtedcaction
izpatrad coding processes, recall would be adversely affected.

Several of the pessidla encoding dimensions ars knewn and their offccc on

resrievadility has been Z:zonsctratszd { Tulving, 1972 Undecwood, 135885). A number
of favestizators have hvszthesized 8 hierarchy of 2nctiing dimeasiocas lor *erhal
saterial, ari nave shown chat chese dimensions sfZest resalil (zc2-. Craii &

(e
Lockhace, 1372; Cardiner, 197%; dyda & Jenkins, 12-4; Tccser 4 W.rven, 13733

wiskens, 1970). Threce iizcasicns ea which words =23y =2 ancoded sre lis%ad In

i

P
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Proportion Comrect Recall

F{jure 1. Task la, Final Free Recall. Effece of alcchol on delayed
recall of each list (p < .00L).
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order of increasing effectiveness: (1) acoustic (phonemic), (2) associative,
sad (3) semantic characteristics. There is, in addition, some evidence that a
the level of encoding effectiveness increases, the difficulty of "encoding like-
wvise increases (Cermak & Butters, 1973).

An intra-list recognition (ILR) task, developed by Shepard and Techtsooni:
(1961), has been shown to differenciate normal and brain-damaged groups on
dimension of coding (Butiers & Cermak, 1974; Cermak & Butters, 1973). The IR
task consists of a lony, list of words presented singly. As each word is preses
subject responds according to vhether the word has appeared previously in the :
Typically, the lis:t is compcsed of pairs of repeated words, homonyms, high
frequency associates, and synonyes (e.g., Anisfield & Knapp, 19€ ). If subject
enc des words oa the acoustic dizmension, false recognition of homonyms would
expected. Associative encoding would lead to false recognitica of associates,
and so forth. I[f alcohol leads to encoding at the less effective levels, them
the intoxicated subject should have increased false alarms to hosonyms and
assoclates. This is precisely vhat Cermak and Butters found with sober alcobol
Korsakoff patieats. Incidentally, such patients have been shown to have intact
STS but grossly impaired LTS (Baddeley & Warringtom, 1970; Warrington, 1971).

Method

All 44 subjects performed the ILR task oe one occasion. Half of the Groug
subjects performed the task on Day 1 (placebo), and the remainiag Group 1l subje
performed the task on Day 2. Subjects {n Groups 2 and 3 came to the laborator)
on one occasion only and performed the task at that time.

Subjects were given a 10 ninute rest period after completing Task 1, and t
second Breathalyzer measure was taken. The I[LR task was then begun. Followiag
instructions ar.i a short practize list, a single list of 30 words wvas presencec
by means of a Kodak Pktagraphic slide projector at a three-second rate. Follss
presentation of each word, subject responded by circling either "yes" or "no"
according to vhether the word had appeared previously in the list. The 80-worc
list was composed of four secs of 10 word-pairs. Set 1 consisted of 10 words,
each repeated once in the list. Sets 2-4 consisted of pairs of homonyms, high
frequency associates, and synonyms, respectively. The words were randomly
shuffled with the constraint that thera be two, three, or more than seven itess
intervening between the members of each pair. This arrangement was designed to
allow the separate assessment of the level of encoding of words held in STS and
LTS. High frequency associates weras presented in forward order snly. ALl e=mrd
were of relatively high frequency of occurrence according to the Thorndike-iora
(1944) and Rucera-Francis (1967) norms, and none of the words had bean presectea
previously ‘n the experiment.

Resulis and Discussion

As shown in Table 1, the mean BAC of subjects in the zicohol condition was3
96 2g% at the beginaing of Task 2. The final 3AC determination was made 35 =ia
later (after complecion of Task 3), and had fallen to 33 ma% az tizc tize. Thu
Tasks 2 and 3 vare performed during a period of lecliainz intoxicasion. All
subj2cts in the placebo condltion had zero blood alzchoi.

If the intoxicated subject vere to encods a2t less effectd
exyect a docTeas2 in the his rate. In addizion, e=mszoding a3
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Talle 2

on Proportion Correct Recall

Effects of Alcohol and Task Variables

Trials

List Arrangement

Trial 1

Trial 2

List Arrangement

Random

3locked

"

I‘é'E

sp

Mezn

Mean
sn

“az2n
$D

Placebe

45
.14

.67
.16

Placebo

.49
.08

Alcobol

.30
.u

.52
.20

Blocked

.20

E

Alcohol

.23
.08

.37
.11

Alcohol

.27
.08

«32
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rather than the semantic level would produce a confu:fon of homonyms. Thus,

the subject would tend tc make more false positive responses to the second

member of a pair of same-sounding words (e.g., "bear” and "bare"). Likewise,
encodiag on an associative dimension would lead to more false positive responses

to high frequency associaces. Therefore, 1if the encoding hypothesis were correct,
one would expect, as a minimum, fewer hits and mora false alarms in tae alcohol
condition. The alcohol group did have fewer correct ideatifications (p < .05)*
but oanly marginally more false alarms thun did placebo 3ubjects. However, since
the false alarm rate was very low for both groups (placebo = 5.3%, alcohol = 11.32),
this task may not have provided a sensitive test. Indeed when Zalse positives to
the first member of each word-pair are added to the false alarms for second members
of wvord-pairs, the alcohol subjects had substantially worse scores (p < .001,

U test).

The d' stactiscic was nousignificantly smaller in the alcohol group (t 19 =
1.46, p < .20)* and the B staciscic wvas marginally larger (¢ 19 = 1.78, p < .10)*%,
Since the predictica of decrease in hit rate is not unique to the encoding
hypothesis, the data from Task 2 cannot be said to support (or comtradict) the
notion of less efficient encoding by intoxicated subjects.

Task 3: Multi{-Trial Free Recall of Categorized Lists
Introduction

Data from an earlier experiment indicated that intoxicated subjects have
difficulcty in using associative information, particularly on the initial trial.
One interpretation of this finding was cthat alcohol impaired subject's ability
to generate a plan for organizing items in memory. The difficulty of organizing
the list items may have been exacerbated by their randoa arrangement within the
lists aad by scrambling the lists from trial to trial.

When the members of a TBR list are composad of items from a few categories,
and the items from a given category are pcesanted together (blocked presentation),
organizational difficulty is greatly decreased. For exampie, Bower a2nd associates.
(1969) structured ll2-word lists into hiararchical categories and found mean
perfect recall by the third presentacticn of the list. When the saxe list items
were presented in random order, mean recall afrer three trials was about 53 words.
Their experiments are an outstanding example of the facilitative effect of
orgaaizatica.

If alcohol primarily impairs subject's abilicty to develop an organizational
scheme then the difference in recall of blocked and random categorized lists
should be zreater for intoxicated subjects than for sober subjecrs. In other vords,
blocked presentation preorganizes the list and theraby reduces or eliminates the
requirenent for subject to develop an organizational scheme. Cu the other hand,
1f alcohol impairs the ability to carry out an organizational plan (either ia
storzge or retrieval), then the differance in racall of blocked and random lists
=ay te gr:ater for the sobar sudjects, {.e., blocking will be rmore tomeficial
¢r soter than intoxicated sub‘eczs. Thus, ar {n.eraction betwean the drug
and the grouping variasble was predicted. The farm of the interactica shouid

differentizte the twn hypoctheses.
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Mechod

Task J stimuli were two S4-word lists, esch comprised of four category
names and 15 members of each category (e.g., vehizles: truck, bus, etc.). The
64 words were presented on four typewritten pages with 16 wnrds to a page.
Subjects wers allowed 32 seconds study time per page (2 secoads/word).
Following study of the entire list subjects were given six minutes for writtea
free recall. The study-test cycle was ten repeated once with the idemtical
1ist. Each sutject performed the task on one day only (following completion
of the ILR task) and received ouly one of the lists. Twenty-one subjccts (one=-
half of Group 1 and Group 2) performed the task while sober. The remaining
23 subjects performed the task while intoxicated. For 23 of the subjects the
words were blocked by category (i.e., each study page began with the name of a
categery, 15 members of the category following). For the remaining 21 subjects
the entire list of words wvas randomly shuffled with the constrainc that no
category name appear in the top positicn on any page. The resultini experimental
design was a 2 x 2 factorial with subjects nested in the cells.

Results and Discussion

Task 3 was performed on the descending li=b of the blood alcobol curve.
As shown in Table 1, 15 =inutes before the start of Task 3, mean BAC of subjects
in the alcohol condition was 96 mgZ. By the conclusion of Task 3, =ean BAC had
fallen to 83 mgZ. :

Correct recall. A three-way analysis of variaace was performed on correct
recall scores. Each main affect was significant in the predicted direction:
drug (F 1, 36 = 55.06, » < .00L)*, trials (F 1, 36 = 187.9, p <« .001)%, and list
arrangezent (F 1, 36 = 7.31, p < .05)*. Cell mezas and standard deviations ares
given in Table 2. As showm in Figure 2, the present experiment replicated
(F 1, 36 = 3.58, p < .C1)* the interaction of drug and :irials found ia a previous
experiment. Although tha =eans were in the predicted direction, tha iInteractica
of drug and lisc arrange=emt did not reach statistical significance. The trend
was for the blocked arrzngemeant to benefit the sober subjects more than the
intoxicated subjects. As compared with random presentation, the blcocked list
arrangement led to a 2821 izprovement in recall for the placebo subjects and an
18% improvement for the 2lcohol subjects. These data tend to suppor: the
hypothesis that alcohol i=pairs the ability to carTy out an orgzmizational plan.
None of the other interactioms approached statistical signiffcance.

Stabilicy of raecal,. Stability of recall was calculated as tie properticn
of items reca’'led on Trjai 1 that were also recalled on Trial 2 and was analyzed
in Experimeat 3 to assess sublects' difficulty iz locating the agpropriace storage
locations {a LTS. Two interpretations of the stability measura are jossible. If
LTS storage is permanert, thea racall of an itea cn Trial 1 with a subsequent
recall failure on Tria! 2 sugzests a retrieval failure. Thus, lowered stubiliry
of recall would implicate an {=pairment of retrizval procosses. 0= tRhe other
hand, {f LTS sroragze i{s i=per—anent-—even over a ~atter of =micuvies—tlen reduced
recall scabilicy suzzescs 2a increase in the rate of loss fre= LTS. This laccer
interpretacion would be 2onsisteat with the netian of izpairad comsolidacion.
Although either interprezzsioa of recall stabilicy is plausile, iz former is
scre consistent with tha s:araje model.
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For a previous experiment, alcohol reduced stability of recall, but
associazive strength had no effect. For the present experiment a two-way
analysis of variance was performed on the arcsin transforms of the propartions.
Means and standara deviations of the untransformed proportions are shown in
Table 3. As found previously, alcohol reliably reduced the stability of recall
measure (F 1, 26 = 18.53, p < .001)f. The wain effect fur list arrangemenc was
nonsignificant (F = .03)%, but an interaction occurred between drug and list
arraogezent (F 1, 36 = 2.10, p < .0l). For the placebo subjects stadbility of
recall was higher in the blocked than Lhe random arrangement. The reverse was
true for the intoxicated subjects. However. simple effects analysis revealed
a significant effect of list arrangement for the placebo subjects only
(F 1, 36 = 4.57, p < .05).

There was a significant overall correlation of the stability measure with
total recall (r = .49, p < .01).

uential organizacion of recall: Inter-trial repetitioes. This measure
of the sequential properties of recall was developed by Bousfield and Bousfield
(1966). The underlying assumption of the inter-trial repetition statistic is
that ~he degree of subjective organization i{n memory is reflected in the recall
order of item emission. In an earlier experiment, alcohol decreased ITRs, while
increasing associative strength increased ITRs. These data were interpreted as
indf~ating that alcohol impaired organization in memory while the presentation
=€ high frequency associates increased organizatio=.

Tzr the present experiment (as before), the cbserved ITRs vere corrected
for change occurrence by subtracting the expested ITRs. Means and :tandard
deviaticns of the resulting scores are shown in Table 4. Because of ti2 high
correlation betweea cell means and variances, the scores were subjected to a,
square root transformation before the two-way analysis of variance was performed.
Again, alcohol decreased sequential organizatzioca (F 1, 36 = 10.30, p < .01)*,
while the blocked arrangement led to increased organizacion (F 1, 3o = 7.81,
P < .01)*. The rather striking interaction berween drug and list arrangement
(illustrated in Figure 3) did not reach significance at the .05 level (F 1, 36 =
2.39, p < .10). HNevertheless, a posteriori tests revealed a siznifizant effect
of list arrangement for the placebo subjects only (g < .01, Twkev's HSD)*. Thus
the daca support the notiom that both alcohol and the objecti -ganization of
the list affect the degree to which items are organized in memory. The corrected
ITR zeasure showed a high correlation with total correct recall om trial 2 (r =
+72, 2 < .001). The correlatisns were higher for placebo (r = .81, p < .00l) than
alcobal sudbjects (r = .63, p < .01) and higher for blocked (r = .82, p < .0l) thaa
randsa presentacion (r = .50, p < .05).

Sutiective organizaci{~-n of recall: Clustariz2. Clustering wae expressed as
the au=ter of runs of itezs from a giver 1tegory present in the recall list, and
Z scores vere derived (see Frankel & Coi:, 1971) 2ad subjected to a three-way
analysis of variance. Main eifects for drug®, trials*, and the lisc arrangement
varfedla® vere significant ac the .00l level in tha predicted directions. Thus,
clustariag scores were higher (1) for the placebo zrounm, (2) on urial 2, and

-

(2} Zor blecked presentatican. Cell mearts and staadacd deviaticas ar2 miven ia

Table 3. hne of che imzaracsions were sizniflesss, althouch the mesns for the
drug 3¢ list arrangemens ingeracticn were in %he 2irvecticn of *.iz avpested positviv
inzeTasziion. A posteriori tests revealed iacreared clusterting ia the Ylocked
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Table 3

Task 3. Effects of Alcohol and List Arrangement
on Stability of Recall (Proportion of Items
Recalled on Trizl 1 That Were Also

Recalled on Trial 2).

List Arrangement

List Arrangement

Random

Blocked

Placebo
Mean .80
so .10
Random
Yean i -
se .14
Drug
Placebo
Mean ald
SD .10
Mean .36

s _ .0?

Aleohol

.61
.19

Blocked

.70
.21

Alcohol

.68
.17

.55
.19
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Table 4

Task 3. Effects of Alcohol and List Ar 2agement on

Sequential Organizaticn of Recall. !

Based on Inter-Trial Repecitions C. ri-ted

fcr Chance Occurrence.

‘es are

Drug Plecebo
Mean 4.74
sD 5.78
List Arrangement Randca
Mean 1.47
sD 1.4
List Arrangezent Pla:ebo
2z~2om Meau 2.0
sD 1.63
2locked Mean LAl
S 7.25

e
o
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List Arrangemant

Figure 3. Task 3. Interactiecn of drug and lis: arrangére=: on {nzer-grial

reperitions {sorrected for chance). Although the inzeraccion did not reas- .
st::is:ic;l sig:ificance (3 < .10), the simple effezt o list arrangem=oat
was sipgniilzane only for the placedo atoup (HSD < .0Ll).
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Table 5

Task ). Effects of Alaubol, List Arrangement, and Trials
on Subjective Organization of Recall. Scores are
Z Scores Representing Clustering.
(See, Frankel & Cole, 1971).

Drug Placebo cho
Mean 7.38 3.65
sD 2.93 2.74
List Arracgesent Pandom Blocked
Mean 4.01 7.02
sD 2.58 3.46
Trials me Two
Mean 4.47 6.56
sD 3.1 .37
Drug
List Arras:iiment Placebo Alcchol
Ranic=» Meaa 5.34 2.48
§D 1.594 323
Blocked Meas 9.22 4.82
SD 2.80 2.76




SIGNIPERP RS SE_IF SR W,

presentation condition for the placeby subjects (HSD < .0l)+, but rhe increase
for the alcohol subjects was not reliable (HSD > .05)t. Thus, there was a strong
trend for blocking to increase clustering ia tha placebo subjects, but the results
for the i{ntoxicated subjects were more variable.

Overall, clustering scores correlated well with recall scores (r = ./8,
B <€ .001). As with the previous measures, the correlations were higher in the
placebo group (r = .86, p < .001) thas in the alcohol group (r = .88, p < .001) and
higher for blocked preseatation (r = .85, p < .00l) than for random preseutation
(c = .64, p < .01). There wvas lictle difference in the correlations on Trials 1
and 2 for the placebo subjects (r = .87 and r = .84, respectively). Ia contrasc,
the intoxicated subjects showed a substantial increase (p < .03) in the correlation
between clustering and recall frow Trial 1 (r = .42, p < .10) to Trial 2 (r = .84).
Thus, for the alcohol subjects, there was little {nitial association detween
slustoring and racall, but by Trial 2 the correlation for alcohol and placebo
subjects were nearly identical (approximately .84).

General Discussion

The outcome of Tasks la and 1b do not support the hypothesis that the memory
scanning operation of the retrieval process is affected by alcohol. These tasks
showed nearly i{dentical alcohol deficits for immediate free recall, and immediate
or delayed recognition. Analysis of Task la data strongly supported orevious
indications that both STS and LTS are impaired by alcohol. The results of the
final free recall task showed greater alcohol deficics with delayed recall than
with immediate recall. This finding confirmed earlier work by Jones (1972), bdut
did not support his consolidation-interference hypothesis. Perhaps the final free
recall task preseats a challenge equivalent to a very loag list. Recall that
previous studies had found an {nteraction between list leangth and aicalel.

Data from Task 2 were mot conclusive with cegard to the eacoding-ispairment
hypothesis. There is a hint in both Tasks lb and 2 that alcohol may affect the
decision process such that the incoxicated subjects wera applying a =ore stringent
criterion (higher 8 statistic); but the data zre not strong. An {acreuse in 2
might account, in part, for the decrease in stability of racall found ir Iintoxicaced
subiects in Task 3. Of the faitial hypotheses the third (i.e., that alcchel pro-
duces an orzanizational deficit) wvas wost strongly suppertad. The Jata suggest
that the deficit results from an isability to carry out a ccherent crgaaizacional
plan rather than an inability to formulate a plan. Data from Task 3 also showed
alcohol impairment of recall stability and of two measures of organization:

ITRs and clustering. In genmeral, the organizational dsta from Task 3 are similar
to the data froa Experi=ent 3 where the organization varizble was associative
strength. The correlatioas between recall and the organization cezsures were
reasonably high. Alcohol seens to undermine this association, at least for
initial presentation and recall.

Alctogether, four studics of acute aleshol effects on human mesory have
been cozpleted with the support of the Surgeon General, Tepartment of the Army.
The series of exvarimevnt~ bezan (Zxperizents 1 and 2) with a focus 2= tne effects
of alcchol on the structilal ("hasd-wized") aspects of the cypical sarial score
models (e.g., Glanzer's 1972 stcrz3e model). A variable of secondsary lnterest
la those experizents was c=e wiich say relate to LTS orzanization ivis,, list
leanch). Although che procidures ware somashat diffora~: {n che first (WO 2xpar

1
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The task variables generally performed as expected with list length ard forced
inter-item rehearsal affecting oaly recall of the early and middle portion of
the lists (LTS) and the interpolated task affecting oaly the last few items
(STS). Alcohel produced a reliable and substantial overall reduction in recall
performance and had conadditive effects in combination with list length.

In terms of serial store models, the preliminary experiments gave little
evidence for a differential sensictivity of STS and LTS to a2lcohol. There was no
indication of an izpairment of STS-tn-LTS information transfer, but alcohol did
produce greater impairment for the longer lists. The iaitial conclusions,
therefore, were that alcohol probably interferes with recall fro= both STS and
LTS and that the LIS imopairment may be related to an organizational deficiency.
Hovever, at that point, support for the organizational impairmaat hypothesis
wvas not strong, and other explanaticas were possible (e.g., rectroactive inhibitim

Given the data from Experiments 1 and 2, the succeeding experiments centered
less on the structural components of the storage model and more om control
processes. Note, however, that attempts to differentiate alcohol effects on
recall from STS and LTS were made im both Experiment 3 (a free recall luntn;
study) and iu the experiment reported here (Experizent 4).

The principal hypothesis tested in Experiment 3 was that one alcchol effect
on LTS was to interfere with organization along the lines of associative linkages.
For this experimect association value was varied between three lists, and subjects
wers given six preseatation-recall trials with each list. As expected, the
placebo group showed a substantially higher rate of learcing than did the
aicuhol group. A three-vay interaction between drug, association value, aad
trials suggested that alconol interferes with the associative structuring of
mexcry. Two measures of subjective organizatlon (ITRs and clustering) vere derive
¢rom the data, and both were reliably impaired by alcobol. Ia addition, doth
measures correlatzd significantly wich recall. Thus, tie data clearly -upported
the hypothesis that alcohol interferes with crganizacicz z2long the lines of
associative linkages. Alcohol also interfered with statility of re=~ll, svggest-
ing an impairment of retrieval operations. However, the cet (partisl) correlatica
of recall stability and total recall, holdinz clustering and ITRs constant, was
nonsignificant (r = .27).

Three main hypotheses wvere tested in Exiperiment 4 using three tasks. The
hypothesis that alcshol interferss with the =exory scanzing process of the
retrieval operatica vas tested with free recall and reccgnition tasks (Tasks la
and 1b) and was no: sonfirmed. Tastead, alcchol preduczé nearly fdactical
decrements in free recall and reccgnition pei “ormance. The levels of processing
hypothesis (namely, that alcoheci iateriares with efficiess encoding) was tested
with an intra-list recognicion tasxk (Task 2) and was neither confirmed nor
disconfirmed. The hypothesis that alcohol disrupts orgacizaticn in LTS was
supported in a free learning task using random a: ! blocked arrrasesunt of cate-
gorized lists (Task 3). Data fre= the free learning task supported che noticn
that the organizatisaal izpairount was ot sizply an inatilisy on the pare of the
fntoxicated subjec: to develcp an crganizational sche=e. Rather, the greatest
relative alcchol i=—airment was sean with Llockad presestation (i.e., wnen the
lisls veve preorsanized for the su» :cts). 3och ITRs anmd slusteriag vere izpairel
by alechol, and boih sezsures correiated siemmilieantly with recall. Thase resulss
sSuppurt che data froz Lperizent J as2 strensthen the mosicn that alechal impaics
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organizacional processes in _TS. As {a Experiment 3, alcohol reduced the
stabilicty of recall, but the partial correlation of stability and total recall.
holding clustering and ITRs constant, was nonsignificant (r = .07). Thus,
vhatever the factor reflected by the stability measure, that factor makes little
unique contribution tc recall. On the other hand, the secons order correlations
of total recall with ITRs or with cluscering vere significanc (r = .41, p < .01;
and £ = .52, p < .001, re:pectively).

In summary, salcohol produced reliable (p < .C'l) decrements in four
independent tests ¢. mesory fumction. In every case recail from LTS was sub~-
sctantially reduced. Intoxication also impaired recall from STS in each experisent,
but the effect was less rellable than for LTS. In contrast to the present results,
Jones (1972) found no effect of alcohol on recall of words from the final four
list positions (STS). These conflicting results are somewhat discurbiag since
they cannot readily be ascribed to differences ia B3ACs, instructions, or procedures

Overall, the present experiments consistently supported the notiom that
alcohol produces an impairment of organizactional processes in memory (see, also,
Pirker et al., 1974). The combinacion of alcohol and those task variables
presumably influencing organization generally produced nonaddit!ve effects on
recall performance. Two measures of subjective organization were derived in
both Experiments 3 and 4, and these measures invariably shoved deterioration
ia the alcohol ;roups. Additionally, these measures of organization correlated
rather substantially and consisteatly with the basic measure of memory, total
correct recall. Nevertheless, a causal relationship between organ!zational
{mpairment and fspaired memory has not been conclusively estabiished.

Sowe of the data sugzested that retrieval operacions may bde vulnerable
to intoxication, but the evidaace is aot strong. For example, stability of
recall vas {mpaired by alecohol in Experizeats 3 and 4. These results suggest a
retrieval failure. However, inefi{cient organizationa could praduce retrieval
failures even though the retrisval Processes were intact. Perhaps smore importancly,
the 3et correlations berucen recall stability and total racall were nomsignificanc.

Experiment 4 provided scwe evidence that iatoxicated subjects apply a more
stricgent criterion for i{deatifying previously praseanted items (increased 8).
Thus, the decision function of the Tetrieval operarion =ay bLe altered in {ntoxi~
cated subjaces; bur, here again, cae data are equivocal with si{znificance levels
ranging from .006 to .20. Fizally, data from EZxperizent 4 did not confirm the

hypothesis that memory scaniing i{s impaired by alcohol (see also Tharp et al.,
1974).

Alcohol and the Storace Madel

-

So far the discussion has cesncered on the question of al:ohol effects on
@eroTy as viewed from the perspactive of the stocrage model. Terhaps some
attention should be focused cn the zodel itself. Two points ar2 of particular
interesc: (1) How well Zid tne model stard up when applied :: intoxicaged
subjzcts?, and (2) Rerrospectively, what was the utilicy of csaducting the stucdies
within the framework of the =cial’

In ansver to the first quescizn, the acdel vas quite
1
t e

rotust to the affcers
of alcohsl. The patterna of intera:siions be At
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position were consistent for both sober and intoxicated subjects. For exasple,
list leagth affected only the first and middle portions of the serial position
curves i(n both a2lcohol and placebo conditions. Thus, alcohol intoxication
seemingly did oot altir the hypothesized relationship between STS and LTS or
between the memory siores and those task variables which uniquely affect one or
the other. On the other hand, the robust quality of the model may reflect an
inseasitivicy of the paradigms employed or of the model itself. As mentioned
above, through four independent experiments there was littie evidence of a
differential vulnerab!lity of STS and LTS to alcohol intoxicacion. Thus, for
these experiments, the sultiple stage aspect of the storage model provided
liccle ucility for underscanding alcohol effects. The preseat daca, therefore,

suggest that a single store model might adequately describe alcohel effects on
human memory.

With regard to Lhe hypothesized control processes the data ware, perhaps,
more enlightening; and this relates to the overall utility of carrying out
the studies within che framework of a model. Although it was not possible to
isolate a particular stage especially seasitive to into tion, the storage
model suggests a number of likely processes to examine. Experineats J and 4
examined several of the hypothetical comtrol processes, and organization or
structuring of memory was izplicated as a primary targec for alecohol. Thus,
the use of a broad model of human memory lent some coberence to the series of
experiments without unduly constricting the range of hypotheses.

209.( =ay note that such processes as semory scanaing, item ezcoding, 2ad sudbleczive
drganizacion are not unigus t9 serial stage models. laverrheless, sush nracesces
are easily incorporated imss che atoras: =zdal; and in meny casac, the diffarence
Selveen one theorist's posizion and trar of another i3 ilargely a mateer of

= Rasla.
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ALCOHOL AND SPEED-ACCURACY TRADEOFF

This research had two major aims: (a) to replicate and extend studies
of choice reaction time (CRT) by Jemnings, Wood and Lawrence .976) whbich
democustrated that graded doses of alcohol cause systematic changes ir. speed-
accuracy trageoff functions (SATF) and (b) to examine the combined effects of
alcobol and task difficulty on speed-accuracy tradeoff {n CRT.

Daca from typical CRT experineats where subjects are i{nstructed for high
accuracy can be . fficult to interpret because such methods fail to separate the
speed of perceptual processing from response bias. Moreover, Pachella (1974)
showved that because the typical fumction relating accuracy to speed is negativel
accelerated, very small changes in ervor rate at high levels of accuracy may be
associated with large changes in C2T. This is the region of the SATF froa which
much of the data im "error-free" experiments are derived. The possibilicy of
tradeoffs between speed and accuracy and the associated difficulties of inter—
prectation led Lappin and Msch (1972a) and others to recommend that the SATF
be employed as a dependent variable in "RT experiments.

If sowe estimate of sccuracy, say the amount of information traansmitted
by the subject {s represented on the ordinate and CRT on the abscissa, then the
complete SATF can usually be divided into three regions: (a) a period of time
on the abscissa during which accuracy (llt) varies around zero (chance), (b) a
second phase during which accuracy rises as a linear function of CRT, and
(e¢) a final asymptotic phase. The upper bound of the first region represents
the portion of CRT necessary for accuracy to exceed chance levels, while the
slope of the second region is interpreted as rate of gain of accuracy over time.
The intercept (ac R: = 0) and slope parameters of SATFs are often erployed as 2
summary statistics to represent the effects of various independent variablas.
On the assusption that a dacision process deteraines the point in ti=ze at which
perceptual processing is terminated and a response is selected, the SATF is used
to obtain a decision-free estimate of the perceptual process, in the saze sense
that the ROC function ia signal detection experizents is employed 2s a decision-
free measure of detection. Identical SATFs across experimental conditions imply
that any systematic differences either in CAT or accuracy were generated by
changes in decision criteria. Tradeoff functions that differ acrass experizenca.
coaditions, either in intercept or slope, imply differences in processing
efficiency (see Wood and Jennings, 1976, for a recent review and analysis).

Several task-related experimeatal variables have now beea studied for their
effects on the SATF. For example, Harm and Lappin (1973), investigating the
combined effects of stioulus probadility and 3-R compatibility {a wisual C3T,
found that S-R compatibility influenced the slose but not the intarcept of
the SATF, whereas stizulus probabiliiy had no effect on the function at either
level of compatibility. Pachella aad Fisher (1349) examined the effescs af
stisulus degradacion zad stimulus sizilaricy »n the SATF. Stimulus degradation
increased the intercept but did not alter the slope, whereas stimulus si=ilaricy
influenced the slope but not the Lacarcest. Taken togather, these rasults ara
perhaps consistent with a two-stage zheoratical =odel in which the duracics of
a stizulus preprocessing and enccaizg phase is indewad by the lotercenc, vieveas
the slope indexes more ceatral inlsrmationeprozessing operations such as
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"translation of perception into action” (Harm and Lappia, 1973, p. 418). However,
such serial-stage sotions are speculative because it is not clear whether the
slope and iatercepr parameters represent independent aspects of petrformance. Thus
Lappin and Disch (1972b) reported that stimulus intensity, a variable that might
be expected to influence early perceptual processes, affected both the slope aud
intercept of the SAIT.

Although it is generally true that alcohol (BAC above 30 mg of alcohol per
100 al of blood, agl) causes slowing of average CRT (e.g., Tharp, Rundel', Lester
and Williams, 1974), there are exceptions in the literature, particularly with
two-choice tasks and under conditions of high S-R compacibility (e.g., Carpenter,
1962; Hurcley, 1972; Moskowitz, 1973; Tharp et al., 1974). As Wood and Jennings
suggested, an analysis of tradeoff between speed and accuracy might help clarify
these discrepant fiandings. Employing a binaural, two-choice pitch-discrimination
task, Jennings et al. (1976) found that alcohol in the dose range from 0 to 1.33
al/kg body weigat produced a systematic reduction in the slope parameter of
the SATF. This dose-related monotonic decrease in the rate of growth of
information over tize, occurring in the absence of any significant effect of
alcohol on average RXT, showed convinciagly that the SATF can be a very sensitive
index of alcohol izpairment, even at BACs lower than, sya, 80 mgZ. Certain of
their findinss supported the conclision the alcohol also altered their subjects'
decision crfteria, producing a bias for speed over accuracy.

The rresent experiment, a constructive replication of the Jennings et al.
(1976) study, e=ploved the SATF to investigate the effacts of graded doses of
alcohol on two tasks, referred to 2s the side-discriminarion and pictch~
discrisination tasks. Each required the subject to respend on one of two keys
to one oi t /0 monaurally presented tones, the same two toaes beiag used for each
task. In th: side—discrimination task, subjects were instructed to disregard
the pitch of the s{zmal and respond to side stimulated ({.e., lefc ear, leftc
hand). In the pitch-discriminacion task, subjects were to disregard stde
(ear stimulated) and respond to pitch according to a left-right rule. Longer
average CRTs on the pitch-discrimination task should derive from at least two
sources: (&) As 2 cue for left-right respording, side (ear) stimulated i3 more
salient and zore rzzidly processed than tonal fraquency. Thus, Simon, Small,
Zigzler, and Craft (1970) concluded that for subjects responding on a left-right
rule, ear-stimulatei was processed about 76 msec faster than pitch. Similarly,
Lappin and Hara (1973), eoploying a left-rignt auditory coding task, found that
information about sparial position was processed about 60 msac fascer than
informaticn atout two other stimulus variables, intensity and duraticn; (b) cosgan
to the side-discrimination task, CRT in che pitch~discrimination task i{s increased
further (by about €2 msec) on trials that involve a mismatch between the instructe:
pitch cue and side stinmulated (Simon and Small, 1969; Sicon, et al.. 1970; Simon,
Hinrichs and Craft, 1970; Callan, Kiisz azd Parsons, 197%; 3ertera, Callan, Pishiiy
and Parsons, 1973). is laccer interference effect fits under the general
definizion of 5-2 {=compatibilicy proposed by Fitts and Sarar (1953) and was
labeled lacaral S-2 incompatiblicty by Si=on, et al. (197C) and by Czllan et al.,
(1974). With a 60 =sec advantage based on cue salience ~ad an overall 30 msec
advantage based on lateral S-R compatibility (averaging hich and low coapacibilicy
conditions), one weu:ld expect CRTS in the side Ai{serimimzrion task to average
adout 90 msec faster than CRTs for sitch zissviminatica. Zxreriments cizad
above ca the cue proserties of side stimulzszed and pitch and oa S-2 comdazidilisy
effects suzzested t>3¢ this effect of ras: =i3ht be discrituted both to th
intercept and the sicse of the SATF. Far examle, Harm a~2 Larpin's (1373

Sussest that <52 effsc: of lateral §-R cc=-<:iibility should 2ppear ia the
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parameter. Sinmce -2 resulcts of Jemnirzs ez al. (1376) {ndicate that al-shal
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influences the slope but not the intercept of the SATF, and because the
effects of alcohol and some forms of S-R compatibility iateract on average
CRT (Huntley, 1972; Huntley, 1974; Tharp et al., 1974) we might anticipate a
task-by-alcohol interaction effect with the slope parasecer of the SATF as
depeadent variable.

Method

+ Twelve healthy rigihc~handed adult males (aged 22 to 26) from
the medical and graduate school programs of the Universicy >f Oklahoma Health
Sciences Center served as paid ($3.00/hr.) volunteers. All had normal hearing
and normal color vision. All were light %o coderate social drinkers, with
oo medical conditions that contraindicated alcohol cousumption. None were taking
prescribed medication and none reported abuse of other drugs. Each subject
served as his own control and each received all alcohol dose and task conditions
in a counterbalanced design. Scubjects were instructed not to consume alcohol or
other drugs during the veek of the study and to fast for at least four hours
prior to each experimental sessiocn.

. The experiment consisted of six sessions run on successive days,
except for a 48-hr. interval following the highest alcohol dose. After two practis
sessions, the subject performed both CRT tasks under a Jifferent alcohol dose
on each of four days. The alcohol doses weve counierbalanced in a 4 x 4 latin
square design with 3 subjects per order. Further details of alcohol dosage
and schedules are ‘resented later. The testing began about 10:30 a.m. and
concluded about noon.

CRT Tasks. Stimulus variables were {deatical for the two tasks, consisting
on each trial of one of two tones (1,000 or 1,100 Hz) presented stereophonically
through TDH, Model 49-102 headphones to the left or right ear at a sound prussuie
level of 90 db (re 0.0C02 i bar). For each task, a deadline procedure (described
later) required the subject to make his choice responses prior to one of three
designatod deadlines. A loudspesker situatad in front of the subject broadcast
continuous white noise at 70 db to mask az=bient scunds.

The subject was seated comfortably ac'a ctable in a di=mly lit room facing
a display panel at a distance of about 80 cm. The panel contained three
vertically arrayed lights (green, amber and blue). A response panel containing
two telegraph keys was located on the table tep. During testing the subject kept
the index fingers of both hands resting lightly om the keys. Pressure to close
the telegraph keys was 228 3 and distance to closure was 0.5 mm.

Illumination of the green light signalled the beginning of a trial. The
tize between light onset and tone was 750 =sec. The icne was torminated by
the subject’s key press. Feedback occurred after the subfect's response as
follows: If the response was b th correc: and within the deadline specified
fo: chac block of trials, nine of the lizhts vere Llluminated. If the rasponse
was correct but RT was longer than ~he prescribed deacline, tne blue light was
1llu=inated. I[f the response was incorre:t >ut faster chan Jeadlire, the amder
light came on, and Lif the response was both slecw and inzorrect, both the amber
and blue lights were {llu=inactad. The intar:vial intervzl, fron response to
onset of the gzreen warning lizhe, was 4 cez2.

5l2ck the technician arnnuncas witich of tarsge ceaulines wss cperating and stated
the average accuracy extected for that ceasi.ne. The s.z’=ct vwas o serive for
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LCOZ acruracy at the longest, at least 90Z accuracy at thz middle asd at least
70% accuracy at the shortest deadline. To {asure complisnce, subjects received
bonus pay for gocd perforaance, and were penalized for poor performance. Thus,
with bonus pay set at 1/)¢ per point, they were awarded 2 points lor each correct
response occurring prior to the prescribed deadline and penalizes 1 point for
each respamse that was {ncorrect or beyond the deadline intervzl.

As anticfpated, »ilot data on 5 rubjects showed that 2Ts wvere generallv faster
for the side~discrimination than for the nitch-discrimination task. Therefore,
different deadlines were designed for each task in such a way that accuracy,
defined as H., wvas equated across tasks ‘or tie shortest, middle and longest
deadlines. In the side~discrimination task the three deadlines were 175, 200,
and 300 msec, and for the pitch-discrimination tas'c, the ‘a!lines were 100, 375,

and 425 asec. For each deadline and eact session, the-- =2 12 practice trials
followed by 100 experimental trials. For each tasl, - Lines were alwvays
presented in descending order, from longest to shorte.: . . Green & Luce, 1973;

Shouten & Becker, 1967; Jennings et al., 1976; and Wood - .zanirgs, 1976; for
discussions of the merits of deadline and other procedures for generacing SATFs).

Side Discrimination Task. The subject vas instructed to press the right
key with his right index finger for tones delivered to the right ear and to respond
on the left-hand key with his left index finger for tonmes delivered to the left
ear. fHe wvas told to disregard the pitch of the tone.

Pitch Discrimination Task. Instructions were to press the left or right
key according to a pitch-by-hand rule (e.g., high pitch-left key, low pitch-right
key). The task was counterbalaaced, with half the subjects working under the high
pitch~lefc hand rule, and half under the high pitch-right hand rule. Correct
performance required the subject to disregard side of presencation. Half the
subjects performed tie side discrimination task first in each session and half
pcrforch pitch discrizination firsc.

Alcchol. The alcohol dose consisted of a placebo, .25, .50 aad 1.0 g of 95%
ethyl alcochol/kg body weight. The scheduled dose for a given day was combined {n a
l:4 ratio with a cozmercial orange drink. The placebo consisted of 5 ml of
etharol floated oa top of aporozizately 140 al of the orange drink. This
amount of ethanol s sufficieac 1o proiuce the smell and taste of an alcoholic
beverage. The low, zedium and aigh doses of alcohol were ewpacrec to produce
peak blood alcoiel concentrasioas (BACs) of about 25, 50, and 190 =237, respectively.
In order to sustaia peak BACs and thereby circumvent problems asco:iated with
differencial deficit on the ascending and descending limbs of che 2AC function
(Jones, 1972), a =maintenance dose of .062 g ethanol/kz bedy weight was administered
approxizacely every 20 ain (see Lentz*s Rundell, 1976, for rationale and mechod).
After consumption of the beverage, BACs were =easured at 15, 25, 55 and 80 nin
with a Stephenson Breathalyzer, Model 900. Testing began at 15 miz after consump-
tion and lasted for a zotal of about 65 min. A rest period of § =ia was inserted
between cazh bloczk of 200 trials, and each task reguired 27 ain. A sccond
technician mixed the drinks and a double-blind procedure assured thac neither
the subject nor the experimental assistant kaew wiich dnse was being administered.

Calculacicn nf Zieed=Acmuricy Tradeoff fuancgions, The method: of Jernin-s
et al. (i1976) were used for these calculatisns. Thus, for each su:izce 4a each
deadlianc cendition in esach task, cean *T wvas acmputed for all 10O =rials in chae
cendition, regardless of accurazy or cf0 %iia~ce with the prescribe. leadline.
These zcaz RT3 wers jaired sith csrrespondisr i, values Far gach ziadizion md
linear .+ russions 27 accucacy :n AT were ¢-=muted over the three leaxdline
conditicns in each alc:cnol condision., 7The aporepriate liaear regvassion ecquation
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“is H_ * a(RT-c) in vhich @ represents the slope aad ¢ the intercept of the
!uachon at chance accuracy, i.e., where H, = 0 (see Wood & Jennings, 1976, for

f analycic review of “t and other propms measures of accurscy. For our subject:
the proportion of variance {an the speed-accuracy tradeof{ data accounted for by
the linear equatioans (r<) ranged from 82 to 99%.

Results

MMH_M%' Table 1 displays the seans and standard deviacions
of BAC in mgl for each of the three alcohcl doses at each of four time periods
following consumption of the beverage. All BACs associated with the placebo

dose were wvell below 10 mgZ. As can be seen, the expected average BACs for these
doses were achieved ond maintained with reason-ble accuracy throughtout cesting.

Alcohol, CRT and Accuracy. We begin with a conventional analysis of CRT and
accuracy data for the two tasks. The effects of deadline condition, task, task
order, alcohol dose and accuracy (correct/incerrect) were analyzed in a five-way
analysis of variance (ANOVA) with CRT as depe dent variable. A similar acalysis
was performed on proportion correct (P(C)} where all correct responses wvere
{ncluded regardless of conformity to the specified deadlire. Means and standard
deviations of CRT and the corresponding P(C) values for ..e two tasks and three
deadlines are shown in Table 2.

Choice reaction tizme was significantly* iofluenced by deadline condition
(12.20 = 81.5), but not by alcohol dose (T < 1) or by order of rask (F « 0.1).
As ‘expected, overall CRT was significantly (88 msec) longer for pitch discrimina-
tion than for side discrizmination (F,.10 = 197.0). Correct responses were
signilicantly (35 mse:z) slover cthan incorncz responses (F;,10 = 27.5). There
were no significant two-way or higher order interaction effects. Proportion
corcect responscs were significantly influenced by deadline conditien (F.,20 =
154.2), but not by task (F < 0.1) or task order (7,10 = 1.5). Alcohol i
significantly decreased the proportion of correct responses ()‘3.30 = 10.7) from
.83 in che placebo condition to .84 for the highest dose.

These preliminary analyces show that the deadline procedures influenced
both C2T and acruracy as expected, and that RTs wvere about 90 =sec faster in
the side than in the pitch task. Similar differecces between ihese tasks have
been found by others (e.g., Bertera et al., 1975). Mean accuraty scoves were
neacrly identical for the two tasks.

Tharp et al. (1974), employing a 2-cheoice task had found only a small effect
of alcochol on average C2T. Similarly, in tnis exgeriment alcohal produced only a
non-significant trend toward slowed parformance. Further, as in the Tharp et al.
(1974) experiment, alconol did produce significant ispairment of overall accuracy.
whacther chis effoct represents a tradeoff bias for speed over accuracy or i=mpaired
quality of performance »r both should W clarifled by analysis of SaTFs.

As bhackground for that analysis, mean x1 and ?(C) for each alecohol “use,
averaged across all deadline conditicas are prorented in Fijurse i fate thas
for pitch discriminacicn the CRT Jifferunce for placebo and hiincut alenhn, Jose

— v — —

*Ualess otharvise e woified, 'significane” =-ans .15 lavel or elter,
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Table 1

Average BAC (mgZ) for each alcohol dose*

. Al-ohol Dose

Hegh (1.0 g/kg)

el (.5 g/kg)

el w

Low (.25 g/kg)

Time Following Ccasumption

15 (mins) 35 55 30
X 107 104 100 97
SD 14.0 17.0 10.9 11.0
X s3 51 50 st
sD 20.0 14.0 11.0 10.0
X 25 19 23 21
sD 9.0 9.0 5.0 7.0

*“aiatenance dose approxizately every 29 minutes = .06 g/kz. TFirst maintzenmance.,

dose was skipped for high dose cundition.
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Table 2

Effects of Deadlines on CRT and Accuracy for Side

Discrimination and Pitch Discriminacion Tasks

Choice Reaction Time

Deadline*
Task Short Medium Loog
Side Discrimination X 146 181 237
sD
Pitch Discrimination X 240 276 . 310
sD
Accuracy
Ceadline*
Task Short Medium Long
Side Discrimination X .78 .88 .97
s2
Pitch Discrimination X .77 83 .95
)
*The daadlines for the 3i:2 Discriminacicon and Dilgeh Jiisrimination tasks wese
178, 200, 3090 msec. gnd 222, 375, 428 mgce., far suore, radius, aad loan,
Tespeczavely
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averaged about 4 3sec and for the side discriminacion task, about 12 msec. Not

also, that even though significant. the drop in accuracy across alcohol doses
averaged only about 4 percentage points.

Alcohol and Spead Accuracy Tradeoff. Each subject's SATF was calculated
(as described above) for each task and each alcohol dose. In general, the line:
fic of the SATFs to the data was satisfactory. The average r? over all subjects
tasks and doses was .%) and did not differ significantly between doses or tasks.

Other Effects of Alcohol. It is important to know whether alcohol {mpairec
the subjects' ability to comply with the deadline procedure. To examine this, w

computed the Pearson rs between mean RTs for each deadline condition and the
specified nominal deadlines. In the s’de-discrimination task, the coefficients
vere .97, .98, .93 and .93 for the pl.cebo to 1.0 g/kg doses; and in the pitch~
discrimination task the corresponding cosfficients were .54, .98, .97, .92.

All coefficients except the last one arc sigaificant beyond tlie .05 level

(Z test), the latter being at .056. gase.d on the magnitude of these correlation

we conclude that alcohol had no systew .t.” effect on compliance with the nominal
deadlines.

The effects of task and alcohol dose on slope and intercept parameters
of che subjects' SATFs were analyzed in separate ANOVAs. Means and standard
deviation for slopes and intercepts are presented in Table 3. The effects
of alcohol dose and task were indepemient for the slope and intercept measures.
Alcohol significantly decreased the slope of zhe SATFs (PI.JJ = 7.0), but did
not affect the intercept values at H, = 0 (F < .05). For the slope data,
individual comparisons among means indicated that in botl tasks, the high dose
differed significantly from the medium, low, and placebo doses. The mediuam

dose differed significantly from placebo but not from the low dose, and the low
dose did not differ from placebo.

In contrast to the effects of alcohol, the task variable did not signifi-
cantly affect the slope paramecer (F1,11 = 1.9), but task had a strong (50 msec)
and significant effact on the intercept (Fy,11 = 191.2). 1Ia addition, the task
x alcohol interactions were nonsignificant for both slope (F3.33 = 1.1) and
intercept (F < .05). Earlier studies had suggestad that because the side and
pitch diserimination tasks differ in an interfereace effect classified as 3 form
of S-R compatibility, we should expect a task effect also on the slope parameter
of the SATF. This did aot occur. Figure 2 illustrates the parallel SATFs

for the two tasks and the effect of the hign dose of alcohol on the slope
parameter.

In summary, these results show that for the pitch discrimination and side
discrimination casks, alsohol produced a dose-related decrease in the rate of
growcth of informaticn over time, wheraas the task variable influenced the tize
necessary for accuracy to exceed chance levels. The effacrs of alcohol and
task were clearly indepencent.

As pointed cut earlier, there is no certainty that the intarzept and slcpe
of the SATF index indepeadent paychological srucesses. Althouzh zhe daca in
Table 3 do not sugges:c that chaages ia one sarameter were compensited by changes
ia the other, it is useful, neverthoeless, to zombine the sloce znl intercant inc-
a sinsle measure represencing che ovecrall level of pericroance (5 2ash alcechol
coaditisn and task. As suzgested v “eod ang Jemnincs (1975) a=¢ Jeanmiugs 2t al

(1975) one way to d> chis i3 to darive " 2 s¢3"
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Table 3
Mean Slopes and Intercepts for Best-Fitting
- Linear Equations for Each Task in
Each Alcohol Condition

Alcobol Dose (g/kg)

- o .” "o l.o

. . Task

Side Discrimination

Slope (bits/msec) X  .00869 .00862 .00757 .00599

SD  .00129 .00298 .00312 .00%..4

Iatercept (msec) X 118.7 120.1 121.8 112.2

SD 27.9 24.9 36.8 33.7

Pitch Discriminacion

Slope (bits/msec) X  .00820 .00679 .00675 .00557

' D .00324 .0019 .00201 .00323
Iatecrcept (msec) X 213.4 207.56 205.0 201.5

SD 8.1 41.1 50.7 51.0
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Figure 3 shows mean information transmitted as a function of alcohol dose
at three selected values of RT for each task (330, 290 and 250 msec for pitch
discrimination and 230, 190 and 150 msec for side discrimination). As could be
deduced from Figure 3, at the relatively fast RT levels of 150 msec for the side
discriminacion tagk and 250 msec for the pitch~discrimination task accuracy was
relatively low and was not influenced by alcochol. In contrast at the relatively
slow RTs of 230 and 320 msec, alcohol caused a progressive decrease in accuracy.
These conclusions were verified statistically by two—way ANOVAs performed on the
data from each task separately. For each task, the expected CRT by dose inrzc-
action effect was significant (Fg,66 = 4.9 for side and Fg.66 = 2.5 for pitch),
and for each task ch.rn wvere olznificaat differences in accuracy as a functiom
of choice RT (F = 143.8 and 88.3). There was : significant main effect of
dose for the cti.—dlscrinina:ton task (F,,33 = 9.1) but not for the pitch-
discrimination task (P;.JJ = 2.2). 3&! by dose interaction effects were
assessed further by analyses of the ni-plc main effects of dose at each level
of RT. As suggested by the data in Figure 3, for the pitch-discrimination task,
thc dose effect was significant at CRT = 330 msec (F3,33 = 3.9) but not at eicher

= 290 msec (P +33 = 2.6) or RT = 250 msec (F < 0.2). For the side-discrimini
ttoa task the dono effect was significant at CRT = 30 msec (F,,33 = 15.4) and
at 190 msec (F,,33 = 6.7) but aot at 150 msec (74,33 = 1.9). ese results are
in close agree. nt with those reported by Jemnings et al. (1976) for their
binaural task.

Discussion

These findings confirm those of Jennings et al. (1976), demonstrating the
advantage gained by joint analysis of speed and accuracy as dependent variables.
In a conventional analysis, the absence of a significant alcohol effect on mean
CRT could lead to the errnneous conclusion that alcchol produced no discernable
impairment either In side~discrimization or pitch-discrimination. As illustraced
in Figure l,, however, overall accaracy on both tasks did show a small but
significant decline with alcohol dose. Considering the trends in mean CRT and
wean accursacy together, the dara do imply that alcohol caused a deficit in pro=-
cessing efficiency, not simply a bias toward speed over accuracy.

In this study, as in that of Jemnings et al. (1976), alcohol impairment of
processiog efficiency was clearly deconstrated by a systematic, dcse-related
decline in the slope of the SATF; a decrease in the rate of growth of accuracy
over time. On the other hand, alcohol had no significant effect on the intercens
of the SATF, and thus, no effect on the portiom of CZT necessary for accuracy
to exceed chance levels. A secord zethod of comparing SATFs combined the inter-
cept and slope parameters into "equal-iT contours" (Wocd & Jeanings, 1976). The
equal contour data confirmed the cenclusion of Jennings et al. (1976) that the
effect of alcchol on processing efficiency i{s dependenc upon the level of
accuracy and CRT at which performance i{s measured. Alcohol had no effect on
fast but relatively inaccurate responses, but as was implicic in the average slzo
and intercept data, produced substanmtf{al deficit in ralacively slow but accurats
performance. For example, at H: = 0.9, CRT in che hizh dose conditica was
40.1 msec slower than placebo in che side-discrizinativa a=d 4C.7 msec slower iz
the pitch discrimination task.
tion for sgewd vs.
f 2he impairzent of

aione. Several

uracy provid 4 a =ore sensitive and ianforrative tn<ax

It i3 clear frca these results that the cvadeoff fi=c
accur 3
CRT b 0

y alcohol t an eicher average sgeed or aczufacy ta<zn
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iavestigators, including ourselves, have found only small alcohol effects on
mean RT in choice tasks even with BACs as high as 100 mgZ (e.g., Carpenter, 1962
Huntley, 1972: Moskowitz, 1973; Tharp et al., 1974). Yet, as in che scudy by
Jennings et al. (1976) the present results, employing SATF, demonstrated an
increasing monotonic effect of alcohol over the entire dose range from placebo
to 1.0 g/kg.

We had anticipated that the effect of task in this study might be
distributed both to the i{ntercept and slope of the SATF and that with the slope
parazeter as dependent variable, a two way interaction might emerge between the
effects of alcohol and task. This did not occnr. Instead, the effects of
alcobol and task were independent. Alcohol affected the slope but not the
intercept whereas the task variables influenced the inctercept but not the slope.
In the Harm and Lappin (1973) study, esvloying visual choice tasks, a convention:
manipulation of S~R compatibility influenced the slope of the SATF. The isolatic
of our task effect on the intercept suggests that the substancial difference in
average CRT Lotween the two tasks was not due to S-R compatibility effects.
Instead, this aifference most yrobably reflects ¢ = -ased requirements for
stizmulus processing in the pitch discriminmacion <. ;

Tharp et al. (1974) and Humcley (1972, 1* ©° : .aced the hypothesis that
alcohol impairs output cognitive processes ass:. . i with response selection
rather than input processes involved in stimulus processing. The present data
do not permir definite conclusions concerning the functional locus of alcohol
effists. As 1 the results of Jennings ec al. (1976) one cza eliminate from
consideratio. any substantial effect of moderace doses of zlcohol on simple
motor speed. Any such effect should have caused a dose-related increase in
average CRT. Moreover, since task diffecences were localized on the intercept
of the SATF, the extra processing requireceats hypothesized for pitch
discrinination were not influenced by alcohol. From the perspective of several
serial stage CRT models (e.g., Starmberg, 1969; Smith, 1968) the remaining
cognicive step would be selection of the correct motor progra=. Thus, the data
are got inconsistent with the notion thrt Lhe slope parameter of the SATF contain
inforzation about response-selection pr.casses and that the effects of alcohol

are targzted on this stage. However, systematic evaluation of this hypecthesis
awaits further study.
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ALCOHOL, PRACTICE AND INFORMATION PROCESSING

Several recent theories of choice reaction tise (RT) are logically related
to the additive model proposed by Donders in 1868 (see Koster, 1969, aad Smith,
1963). Donders postulated that %he time required for a choice reaction is the
sua of three temporal componeats: (a) simple RT, (b) the time required for
stisulus categorization and (c) the time required for response selection.
Despite difficulties encountered in attempts to validate this model, Donders’'
basic conception of choice RT as the sum of durations of a series of reactions
or stages remains popular (Stermberg, 1967; Posner and Mitchell, 1967; Smith,
1968). In 1966 and 1769, Sternberg proposed a simple method of testing for
addicive choice RT components, the central assu~otion of which is that simulca-
neous manipulation of variables affecting the sane stage of processing should
produce hyperadditive effects om RT. Ccnversely, simultaneous manipu’ation of
variables affecring different processing stages should produce additive effects.
Oune limitation of Sternberg's mechod, however, is that it does not lead direcctly
to estinates of the duratiom of each hypothesized stage. Procedures derived
from Teichner and Krebs' review (1974) do permit such estimates.

Teichner and Krebs' quantitative analysis of the literature on visual choice
RT was focussed principally on two traditional choice tasks: the so-called Light
Key and Digit Key tasks. They gave considerable attenzion to one important
question: Why, for all levels of practice, is perfornance on the Ligat-Key task
consistently faster than performance un the Digit-Key task? They concluded that
this difference is due to the fact that cth. latter task requires the subject to
perfora a translation operation for correct respondiag whereas the former task
does not. The stimuli for the Light-Key task usually consist of a spacial
arrangesent of two or more lights for which there is a correspeading spatial
arranzesent of two or more kers. In a sense, cach response key represents a
sizple extension of each stizulus. On the other hend, the numerical (or letter)
sti=ull for the Digit-Key task are usually presented one-by-one on a central
display, but as in the Light-Key task the response keyr ars arranged by a
spatial code. A critical difference between the two tasks is thar in the
Digit-Zey task, the subject must follow a stimulus-to-response cransiation rule,
translacing from a oumeric to a position code. Thus, in the Digit-Xey task, as
usuvally programmed, the subject has at least five operations to perform. He
cust (1) see the digic, (2) nase {t, (3) translate the numeric name to its
corresponding response key position, (4) select the correct motor prograa, and
(5) execute the response. 1In the Light-Key task, step 3 is not required because
the only possible names that can be given zo the lights as stizuli are those for
the response position rule. Thus, stiaulus-respcnse compatibilicy {s greater
for the Light-Key task.

Zzploying the additive =odel and assuming that zime for response selection
(r) is i{dentical for the two tasks, one can compute an estimate of translation
cine (T 5 R) by subtractiag average rzaction-time for the Light-<ay rask (zhoice R
fre= that for the Dl?.:-&uy task (choice RTpy). Sizilarly, on the as:umpcion tha
for sizple RT, there i{s nc rejuirs~ent for raspsnse selecticn tha duration of
thecrelical component “¢" can be estinzzed bty subtracting simpls RT from
oy T
choice '“LK'



Thus,

choice ll'm-_a_+3's,.*g
a+c

molce RT . = a
and, simple RT = a
where ¢ = response selection time and T , = translation tige.

The assumption that component ¢ is identical for the Digit-Key and Light~
Key tasks seems reasonable, particularly {(f the Light-Key task i{s modified by
arranging digital stimuli according to a spatial code. Thus, with four
stimulus~-response alteruatives, digits are presented cnme-at-a-time in four
different windows, each associated with a different key. The relationship
between spatial codes for stimuli and responses i{s one-to-one. Correct respondis
on this modified Light-Key task does not demand numerical coding. However,
Teichner-Krebs (1974) showed that even with simple RT, the subject may encode
information about both the probability and content of the stimulus. This lmplies
that for estimates cf stage duration, the simple RT task should also be modified
to match the two choice RT tasks for stimulus comtent and number of alternatives.
These task modifications were made and will be described in the zathod secrion.

We (Tharp :t al., 1974) and Huntley (1974) had found that the effects of
alcohol were hyperadditive with those of sctiwlus-response compatibility and had
concluded that alcohol influeaced output cogritive processes assuciated wich
response selection. However, the analysis by Teichner and Krebs suggests thac
stimulus-resncnse compatibility treatments exert load on the translation stage
rather than (or i{n additicm to) response selection processes. The data so far
reported by us are consistent with the noticn that alcohol slows either trans-
lation operations or response selectiop cperations or beth. One aim of the
preseni experimeat was to employ three tasks, choice RT,, , choice RT,, and
simple RT to investigate the degree to which these hypoggccical cognitive process
are vulnerable to moderate levels of alcohol intoxication.

Practice Effects

A second ain of this study was to examine the degree to which erxrended
practice modifies the effects of alcochol on overall RT performance and on the
estimates of sctage duracions derived from the three RT tasks. There are several
reasons Co suppose that alcohol effects may change wiiLh practice. First, it {s
well-known that visual RT 1{s a decreasing function of practice, but thac the
rates of decrease differ for the three tasks choice RTays choice RT @ and
simp’> BT. Second, it is well-established that practiie reduces the effect of
S-R cozpatibility on choice RT. Thus, the {unction ralating choice !T:u to
nusber of practice trials is steeper than t. e function for choice Tk ?Teichner
ar . x=edbs, 1974). A priori, one assumes that the effects of alcchol on choice RT
tzsks will also decline as a function of practice on tisk, but we found nw rescar
uddressed specifically to this question.

The experiment reporzed here, employing the three tasks, Diziz-Yov, Lighe-te
and si~pie RT, at two levels of practice, addressed the fcilowinz guestions:

i. Which stires in the serial stage ~odal are vuinerable to =oderete
alcuhol intoxication, and do the effucss si alssnzl cecline with pracsice?
A priori, one mi-ht assuma cthat the more "augomari:" 2 task tecozis, the less
the effecs of {atoxicatton.

N
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2. Do alcoholize” suu’ects adapt to intoxication such that with repeated
Qoses of alcohul, the drug ef fect is reduced or overcome?

3. Does alcohol alter the effects of practice such that practice while in
an intoxicated state fails to carry over to subsequent sober performance?

Method

Subjects. The subjects for this study were ten paid volunceers frc= the

' graduate and undergracuate medical programs of the University of Oklahoza
Health Sciences Center. Ranging in age from 21-15, they were all in good health,
all had normal vision, all were mod:rate social drinkers, none were receiving
medication and none reported use or abuse of drugs other than alcohol. The
subjects were instructed to abstain from alcohol for 24-bours prior to each
test session and to fast for at least four hours prior to testing. The subjects
vere divided into two groups of si« and four for short and long practice,
respectively. Testing began about 11:00 a.m. and was concluded about 12:30 p.m.

Design. Group 1 (short practice) performed 100 pracrice trials onm each
task pricr to receiviog alcohol in two sessions, each followed by a rest day.
They performed 250 trials per task during each alcohcl session and for two days
subsequent to the final rest day. JCrouwp 2 (long practice) performed 250 zrials
per task per session for eight sessions (2,000 trials) prior to receiving
alcohol. Testing was oo consecutive days except for days L and 2, each cf which
was followed by a rest day to maintain a schedule equivalent to that of Group L.
Each of two alcohol sessions was followed by a rest day, and testing was
ccntinued for two days subsequent to the final rest day.

On alcohol sessions, all subjects were given 1.0 3/kg of 957 ethanol mixed
with a commercial, acn-cardnaatec oranze drink in a 1:4 ratio. They censuzed
their drinks in a period of 30 minutes. While drinking, each subject was oifered
antacid tablets (Maalax #2) to reauce stomach acidity. 2lood alcohol cnscentra=~
tion (3AC) was measured at 15 =in. intarvals throughout each alcohol session
with a Stephenson Nodel %00 Breathaliyzer.

Apoaratus. Subjects were seated at a table approximately 80 cm in froat
of a vertical display panel ccataining five IEE rear-plane projeccors. four
projectors were arrayed im a 130° semicircle with radius of 20.5 ca. The fifth,
central, projector was located at the center of the semicircle.

Zefore each trial a green square ippeared in the cencral display sasel for
) =sec. [ digit, drawn from the ensemble 1-4, then appeared leor 10 =sa~. in
e of the five displays 2.2, 1.0, or 1.3 sec. after termination cf the zreen
. ’ warnizs signal. White d4izics 1.5 c» 21zh were presented on 3 bliace baskground.

A response panel was located on the tasle in {ront of the subject and =13
e=nfizy~ 4 exactly like the Jisplay panel. hus, tke response panel coazained
five telegraph keys arraved in a semizircle with one rey at the cernter. 2istance
between reys was & ca.

The subject was zequirad 2o «ee2 the central rey .eiTogsed will (%2 indeox
f2azar of his vight hand <acti. the stimulus was presunion. Fillure o oY =0
a-orz:2 the trial. 2ispenses to the stimull were mais Ly aoving tlhe 72 7%
imiax finzer frem the centosl oy Co <n@ of Che fouy € idamse Kevs
tima f{from stisulus caaes 0 rospans2y and AC uracy Wef® Twaonrel 04 PTOAL
o se? by 3 BRS legis s¥3cem and an assonisted Systrineonaed vunLeTemsirnter
37rsczx, The lnter-rria. inter
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Tasks.

1. Cholce RT,... Using four alternazives drawn froa the ensechble
1 through 4, digits were presented one-by-2me on the cincral display. The
subject's task was to respond as quirkly and accurately as possible according
to a sizmple numerical-to-spatial cocife. The digit "1" sigznaled a response oa
the left-most key; a "2" required a response on the key located second from the
left, etc. The same numerical to spacial code was used for z2ll subjects and all
crials. e

2. Choice ITL‘. For this task, sti=ui{ vere presented only in the four
peripheral displays forming the semicircle. When a digit was presented in one of
these displays, the subject was required to respond by pressing the key
corresponding in spatial locacion to the display (lluminatcd. Thug, the responses
wvere made according to a hizhly compatible one~to-one spatial code: the left-mosc
display corresponding to the left-most resp-ase key, etc. The digit presented
in 2 given display was always the same froa trial to trial and thus was tocally
confounded with the spatial code, and {rrelevant to correct performance. In
other words, the left-most display always contained a "1", the next display a
"2", etc. The subject was instructed to {gnore the value of the digit displayed
and to respond zerely to the location illuminated.

3. Simple RT. This task (with simple RT defined as reaczion time plus
zoveaent time) was perforzed with each of the four peripherzl stimull and with
the respcnse =ade on each of the four corraesponding keys. Thus, during each
session there were four blocks of simple X7 ¢rials, each block containing 62
trials. During the firsc block of trials rle stimulus was the digic "1"
presented in the left-most display, and the subject responded Sv pressing rhe
lefe-mosc key. [he next display, contaiaizz zhe digic “2" ané the next response
vay were used in the secuzd block of trials, etc. Consequent'v, estirmates of
simple RT contain RTs to aweric stimuli at each of the [{vur peripheral locations
an< <ith respcnses on each of the four keys.

Results and liscussien
Yean blood alcohol croacentration (3AL) for the short nraciice group was
93 23X and 20 =z2 for days . and 2, respeéztively. For the lons practice yroup
zean 32iC on the two alcohel sessions was 102 =z% z2nd 94 oo (davs 9 and 10,

respectively).

Cffeczs of Alcatal on Compencnt Processes of 7T

Short praccice. Table | shows means azd standard deviations for the short
sracticze group o3 2ach tasi in the 2lcshol zessions and the “wo baselline s2ssions
srecading and succeeding thi.se trials., PRerction times far avh task dec!lined
3

to= 23y L (pri:cice condizion) to D3y 4, %2 the frurove=unt was statistically

ignif{icanct onlv for che ginple RT Sark ige = 3.80, 3 - .0l). Afrer 100 poastice
gisle 4l shal roused simiflcant slowing 1= choice uT,, (a%-:t R meex; £ =
.08, 2 = ,05) bdat valy marztaal stowing (2 <halee BTy (abgae I7 sdee, p % 010
£ 4 N8 nn effert on siaple XT. On day 2, =% patzera ¢ 3.c.n2l effects was
32L: the sara, Alcohol clrsed perfaranie .t che Divit=drey 23k b, sisnie
Yignzs J71 2aee Tig v Ll JE3 s et 2ineed AR IRY Swa%ing oo i
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TABLE )
Short Practice Group (N=6)

Scssion

1-Practice 1-Alcohol 2-Practice 2-Alcohol J-Practice 4-Practice

{

. |

Task !
|

'

R % 339 322 119 312 304 261
” 59 80 136 98 107 70

ckry, ¥ 419 456 416 458 384 391 ;
¢ 121 113 108 110 86 132
CRTDK X ; 492 575 486 562 499 482

s 76 85 111 107 110 104 !
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did not reduce impairment on the second alcohol session. Overall proportionat.
alcohol impairment was greatest for choice uu (16.22) and less for choice RT
(9.42).

Table 2 exhibits means and standard deviations on alcohol and basaline se
for the derived measures of stage durations, the translatiom stage, T, g+ 3nd
the response selection stage, c. As mentioned above, the a stage, defined as
simple RT, was not affected by alcchol. Alcohol slowed 7 _p about 45 msec on
Day 1 (gg = 2.43, p < .05) but only about 34 msec on Day 3 Lts = 1.41, p < .2)
Alcohol also slowed ¢ about 54 asec om Day 1 (g = 3.65, p < .01) and about
49 msec on Day 2 (_gs = 1.34, p < .20). Thus, both hypothetical stages, stimul:
response translation and response selection vere significantly impaired by
alcohol on day 1, but the day 2 effects were somewhat smaller and .ere nousigm:
ficant. The overall proportional slowing of the two s:ages across both alcoho.
sessions was nearly aqual (c = 592 and T5.2 = 561).

In summary, after a minimu» of sober practice, alcohol slowed the Group 1
subjects' performance on both choice RT tasks while leaving simple RT unaffect:
The subsequent stage analysis suggests that two hypothetical stages of imformal
processing (Tg_p and c) were equally slowed by alcohol. Recall that the simpls
task, used to estimate the a stage, includes movement time (i.e., the time req
to move the index finger from the central key approximately 4 cm to one of the
peripheral response keys). The nepative finding with regard to simple RT at tt
level of practice suggests that neither the central processes involved in simp)
nor the motoric response were affected by alcohol. -

Long practice. Tables 3 and 4 display similar data for the long practice
group. As expected there was a substantial practice effect from Day 1 to Day I
amounting to 50 msec for sisple RT (53 = 2.62, p < .05), 67 msec for choice RT
(¢4 = 2.26, p < .10), and 8] =2sec for choice RTpy (&, = 2.58, p < .05). After
2030 practice trials on each task, alcohol (Day %) lgoved simple RT by about 311
(g3 = 10.2, p « .005), choice RT;, by sbout 37 msec (g = 14.2, p < .001) and
choice RT,, by about 65 msec (z3 = 3.52, p < .025). The second administraticn
of alcohoE"(!‘ay 10) alsc significantly slowved performance on all casks (p < .01
or better). As found for the short practice group, one day's gractice under
alcohol (Day 9) did not siznificantly improve task performance when alcohol was
administered on a second occasion (Day 10). In fact, ovarall performance oa
the two choice RT tasks was slightly (not siguificantly) worse on the second
alcohoi day than on the first. Overall, the alcohol-related decrement was 142
for simple RT, 162 for the Light-Key task and 13% for the Digit-Key task.

As mentioned above, the a stage (plus movement time) as indexed by sisple
was significantly slowed by alcchol. Table 4 shouws the estinated stage duratis
of IS«-R and ¢. The estimated durations of both of these stages were longar for
the two alcohol sessions than for the »djacent baseline sessions. However,
acceptable lavels of statistical significznce were achieved only for the second
alcohol session (p < .00l and p < .05 for Tg g and ¢ respactively). Overall,
alconol slowed T, , by about 16% and g by adout 23% (ps <.05).

Thus, for both groups alichel slouwed perfor=ance cn the two choize 2T task

and slowed the estimated tine require' to perform the T. » and ¢ operations. I
was aiso feund.

-~

the long practice group significaat slowing of si~ple RI
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TABLE 2 |

| . Hypothetical Stage Duration

Short Practice Group (N=6)

Session |

f

l-Practice 1-Alcohol 2-Practice 2~Alcohol 3-Practlice 4-Practice .
100 Trials 250 Trials 100 Trials 250 Trials 250 Trials 250 Trials

- -

)
'

Stage

Stimulus Response ;
Translation

(Tg-R) X 73 118 70 104 115 91
[ s 53 71 30 50 4 35

Response Selection ) |
(<) X 80 135 96 146 80 131
s 84 76 41 76 37 88
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TABLE 3

Long Practice Group (N=4)

Session

Practice Alcohol Practice

1 2 3 q 5 6 7 8 9 10 11 12

261 242 234 223 206 213 209 207 240 237 210 211
36 90 36 35 12 28 37 26 28 29 22 26

346 319 311 299 289 282 282 280 318 337 282 278
54 47 4z 45 34 20 21 25 29 13 25 32

460 420 420 404 391 397 392 374 445 454 386 377
64 25 37 19 18 20 13 19 32 12 20 15

- —
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TABLE 4

liypothetical Stage Durations

Long Practice Group (N=4)

IR AR,
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— ——————————

Session
Practice Alcohol | Practice °
3 2 3 4 5 6 7 8 9 10 11 12
Stage
Stimulus Response
Translation
(Tg_g! X il‘ 101 109 105 102 114 111 94 127 " 118 104 QDZ
8 35 28 =8 27 36 8 8 20 31 16 12 26
Response Selection
(c) X 684 76 77 75 83 70 72 73 79 100 72 67?
s 27 21 17 18 25 18 18 13 17 17 11 16@
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One major question was whether one practice session with alcohol would
improve performance cn a second alcohol session. This clearly did not happen.
Oa the contrary, although the alcohol sessions were separated by 48 hrs.,
performance was usually worse on the second session. This trenc held for Loth
short practice and long practice groups.

Comparison of short and long practice groups.

One of the major questions addressed by the present study vas vhether
extended practice on a task decreases the vulnerability of the task to disruption
by moderate alcohol intoxication. Using the alcohol-relatad increase in respoase

"time as the dependent measure, ve found no statistically reliable difference

between short and loag practice for any of the three tasks. For simple RT, the
long practice group showed a 32 msec greater alcohol effect (rj; = 1.45, p < .2).
For the two choice RT tasks, alcohol tended to produce eligntly less slowicg in
the long practice group (about 3 msec for (RTyg, t < 1; and about 19 msec for
RTpgs £ < 1). Similar trends were found for the two derived stage estimaces,

T, and c. Again, vhen alcohol effects for the short practice and leng practice
33&0 were compared, we found trends toward less slowing of the long practice
subjects (by 33 msec for T, ., p < .2; and by 70 msec for g, p < .1). The
proportional alcohol-related slowing of Tg g acd ¢ also tended to be smaller

in the long practice group, but the differences bervzen groups were not significx
Thus, though there vas some evidence that prolongedi practice may reduce the
effects of alcohol on these processing stages, the data are equivocal givea

the significance levels achieved and the power of the tests.

Another question addressed by this study was whether alcchol {aterfered
with practice effects such that later sober performance failed to benefit froa
practice under alcohol. To make this comparison, we found the improvement in
mean RT over appyroximsately the first 1000 crials (i.e., from Session 1 to
Session 4 or 5) for subjects in Group 1 and Group 2. Recall chat the short
practice group (Group 1) performed 500 of the first 1000 trials of each task
while intoxicated. Sroup 2 (long practice) subjects were sober throuzhou:z this
period. Over the first 1000 trials, the short practice group actually showed
slightly more improvemeat in simple RT (by 9 =sec: £ < 1) than did the long
practice group. For the two choice RT tasks there was a tendeacy (nonsignificanc
for alcohol to interfere with practice effects. Thus, Group 2 showed a 4] msec
greater improvement oa the Light-Kay task (58 = 1.3, p < .2) =ad 73 msec greater
isproverent on the Dizit-Key task (tg = 1.4, p < .2) than did Group 1. These
data suggest thac alcchol intoxication may not interfere with esrly practice
effects on relatively uncomplicated performance tasks as represented by simple T
Alcochol intoxicaticn asy, however, interfere with laarning more complex tasks,
as represented by the two choice RT tasks. The t tests were clearly nonsigni-
ficant. However, our previous exverience with similar tasks indicates that group
differences in the raage of 40-70 msec will produce highly significanc statistiza
results when group size i{s in the range of 12-15 subjects.

Suzaary

For subjects receiving either short (100 ctrials) or leag (2,000 trizls)
practice, blood alcobol concencracicns of abcut 90-I1C0 mol caused svstez=atic
sloviag of performzace ca both the Lijnt-Xey and Dizit-ilgy choice 2

- s
Ss S23a35.

Bowever, the effects af alcehol on sisple AT {plus movement tize) maw deiead

on tie mount of prastice on task. Parformance by the leng-practica 3reuy wvas
significancly sluwed d»y alceh 1, vherezs perfsrmance by the shosfteprastice grou;
“as not.

50
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Estimates of the durations of three hypothetical information processing
stages wvere derived from the three tasks. The results of analysis of alcohol
effects on these derived measures permit us to infer that alcohol causes slowing
of both stimulus-response translation operations and response selection operatic
That is to say, in choice RT tasks alcohol intoxicatiom produces slowing of
central cognitive processes such as those involved in translatinog from a aumeric
code on the stimulus side to a spatial code on th: response side as well as of
output processes such as those involved in selecting the correct motor program.
Whether at this dose level, alcohol also impairs such basic processes as sensor)
motor transmission times is not clear for two reasons. First, our measure of
simple BT wvas confounded by movement time ard second, as reported above, the
effects of alcohol were not consistent across practice grougs.

These results confirm those of Tharp et al. (1974) showing that output
coganitive processes associated with response selection are vuloerable to alcchol
intoxicacion. The findings extend those of Tharp et al. by showing further that
more central processes in the serial-stage wodel, those associated with trans-
lating from a stimulus code to a response code, are also vulaoerable to alcohol.

Although there were trends in the data suggesting that extended practice
on choice reaction time tasks might reduce somewhat their vulnerability to alcol
intoxication, none of these trends were statistically significant. Overall,
the evidence indicates that practice up to at least 2,000 crials, spaced over
8 days fails to protect reaction time performance against alcohol-induced defici

Does alcohol reduce the beneficial effects of practice? Our results
indicate that alcohol intoxicatiom probably dces not interfere with early practi
effects on simple reaction time. However, treads in the data, though non-signil
with these sample sizes, do suggest that moderate intoxication zay interfere
wich learning more complex tasks, as represented by choice reaction time.

61
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