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'[ g 20. (cont.)-
differential effects of aleshol on hypothetical stages of information processing"

and the mediation of alcohol deficit by extended practice. Recently our studies..

j'1 have investigated alcohol effects from the perspectives afforded by contemporary' *

'} theories in cognitive psychology.
During the report period we coupleted the fourth in a series of studies'

,

;; ; assessing the effects of acute alcohol intoxication on memory processes in nor-
i mal, young adult men. The study employed 46 subjects and three experimental:

{j' : casks in an attempt to confirm and extend earlier findings with regard to the

:i i vulnerability of several hypothetical memory processes to moderate levels of
''4* intoxication (blood alcohol content, BAC = 100 mg2). The paradigm assessed.per-
j formance on free recsll, multi-trial free recall, and recognition tasks. The

.L results confimed earlier findings of (1) an alcohol-related deficit in recall
*

from both short-term store and long-term store, and (2) an alcohol-related
,

4 ! impairment of organizational processes, as assessed by various asasures of sub-
:i jective and objective organization. In addition, the correlations between the.

i organlaational measures and measures of recall were substantial (r = .76), thus
*

d8 confirming previous findings.,,
i Alcohol produced nearly equal decrements in recognition and free. recall ,

pe rformance. This finding suggests that the memory scanning function of the
;; ; retrieval process is unimpaired by alcohol. Recall stability, however, was

_ markedly reduced by alcohol. This suggests that the intoxicated subject may'

have little difficulty locating an item in memory, but may be severely impaired'

.I in the ability to decide whether the iten located is appropriate for emission.
Signal detection analyses of the recognition tasks inaicated both an alcohol-

! related decrease in the d' statistic and an increase in S. Thus, the moderately
intoxicated individual clearly is experiencing an inpairment of memory and may

* be attempting to compensste for the deficit by increased caution. Although esu-
tion was not assessed in the free recall tasks, one would expect that a result

of increased caution would be a decrease L the number of vords " recs 11ed".
Objective orgsnization, as assessed in the present study, requires the

subject to,ans' lyze the to-be-resenbered items at the level of asaning. There-
|

fare, the alcohol-related impairment seen in =essures of orgsnizational procesces
|. very likely is a reflection of impaired encoding. U:fortuustely2 .the task de-

signed to assess level of encoding produced inconclusive results. Overall, thet

| results of the present study were consistant with the hypothesis of a disruption
of encoding process in moderately intoxicated individuals; but a definitive test
of the hypothesis is yet to be mada.i

,

j' The second project excmined the combined effects of alcohol and task diffi-
culty on speed-accuracy tradeoff in auditory choice rssetion time. Tha results
confir=cd those found by the h* alter Eead group, shoving that alcohol produces a
dose-related decrease in the slope parsceter of the speed-accursey tradeoff func-

' tion but has no systematic effect on the intercept para:ccer. Thus in speeded
;chcice tasks, the moderstely intoxicated subject can sustsin high accuracy but
dcas so with considerable loss of speed.*

? Task difficulty was sanipulated in this study by varyin;; the rule for esp-
,

ping the response on the sti=ulus. The side-dicericination task required the
subject to respond according to a highly co :pstible lef t-cight position rule.$

,

|The pitch-discrimination task rsquired the subject to disragsrd po:1: ion (tar* ni=ulsted) and .'rcupond to pt:ch according :o a lef !:1;h: rula. Petetion :1:asi
nre longer for the pitch than for the cica task. Tha :ssk difficulty varitals i
influeaced the in:creept but n : the sispa of the spssd securacy tradaoff f'. :- !
:1:n, an<! its effec:s were 1::ispenden: uf these of el:ohci. The isolation of 6
tsu effec: on the in:creas 7:rsrecer probably reflectJ incroned rcquirc.s.:s {

?
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for sti:sulus prc:essing in the pitch discrimination task, and the absence of a* 9: ! task-by-elcohol interaction effect is consistent wi.;h our earlier conclusion that
alcohot influences output cognitive processes associated with response decisions j

,,

-h uther than input cognitive processes such as stimulus encoding.s
| ;

The third project employed two visual cloice reaction time tasks (Digit-Key!
and Light-Key) and simple reaction time to investigato the effects of alcohol on

2 ;1 information processing at two levels of practice. Correct responding in the
' I- Digit-Key task requires ths subjecc to translate from a numerical to a spacial

code, wheress for the highly compatible Light-Key task the stimulus and respo..se,j codes are identical. Employing the two visual choice tasks with simple reaction'
<

g, time, subtraction procedures are used to obtain estimates of the durations of
two hypothetical stages of information processing, translation and response,

!. selection.I
In both the short (100 trials per task) and long (2,000 trials per task)

practice groups, alcohol slowed petformance on both of the choice tasks. At;.

j both levels of practice, alcohol produced significant increases in the estimated" *

duration of both hypothesized stages of information processing, transistion and,i

f, 4

response selection. In the short practice group, alcohol had no affact on.

simple reaction time but in the long practice group simple reaction time was3 ,

F't i slowed. Although practice improved speed in all three tasks, it did not preventi*

alcohol-related deficit on any task. With repeated alcohol doses spaced 48 hrs.1 t apart, there was evidence that the subject does not " habituate" to alcohol'.! effects such that impairment is reduced in a second alcohol session. In fact,,i there were trends in the data suggesting that alcohol interferes with the
4 beneficial effects of practice.'
i

The results are consistent with our earlier conclusion that alcuhol effects.

are targeted upon output cognitive processas associated with select!ng and
, 7 organizing the response. They extend this work by showing that alcohol also

,

; causes slowing of a more central cognitive process, stimulus to response'

translation.
*
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u -
9

su-ery
;

[
)Although the three investigations supported by this contract are independent-

- . *
*

studies, each e==Mned the of facts of alcohol on cognitive processes associated
with information processing or memory. The principal aim of the first project_,

n was ro analyse the effects of alcohol on organisational processes in human
-i ~ memory. The sia of the second project was to investigate the effects of alcohol
0 on speed-accuracy tradeoff functions in auditory choice reaction time performance.
:j The third project employed visual choice reaction time tasha to study the
pa differential effects of alcohol on hypothetical stages of information processing .e

and the mediation of alcohol deficit by extended practice.,
,

''

During the past several years we have directed considerable effort toward
-

explicating the effects of moderate alcohol intoxication on aspects of hann
performance. Recently these studies have investigated alcohol effects from the,

perspectives afforded by contemporary theories in cognitive psychology. The >
'

' work on alcohol and human memory began with the examination of alcohol 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 alcohol
on such hypothetical processes as encoding, organization, and retrieval of informa-,

', tion in memory. *

.

During the report pericd we completed the fourth in a series of studies
assessing the effects of acute alcohol intoxication on memory processes in normal,
young adult men. The study employed 46 subjects and three experimental tasks in
an attempt to confirs and extend earlice findings with regard to the vulnerability* of several hypothetical memory processes to moderate levels of intoxication
(blood alcohol content, BAC = 100 =g:). The paradigm assessed perfor=ance on
free recall, multi-crici free recall, and recor.nition tasks. The results confir=ad

.. earlier findings of (1) an alcohol-related deficit in recall fron bot'u short-ter=
score and long-term store, and (2) an al: chol-related icpair= cat of orgssizational. i
processes, as assessed by various measures of subjective and objective org:nization. *

|t In addition, the correlations between the organizational measures and =easures of
;| recall wero substantial (r = .76), thus confirming previous findings.,

'

Alcohol productd nearly equsi decrements in recognition and free rec 911
:, performance. This finding suggests that the memory scanninz function of the.
, _ retrieval process is unimpaired by alechel. Recall stability, however, was e'

narkedly reduced by alechol. Thl: suggests that the intoxicated subject may have
little' difficulty locating an ite:s in :nesory, but may be severely impaired in the

i

ability to decide whether the itcs located is approprista ter cei:tsion. Signal |*

j detection analyses of the reccgnition tasks ind'icated both an alcohol-relsted
' decrease in the d' s:stistic and an increase in 8. Thus, the =oderately in:oxica:ed|{ a

. individust clearly is experiencing an i=sairment of =emory and nsy be at:espting'
'

to compensate for the deficit by incressed caution. Althou;t: c ution was nott ..

assessed in the free recall tasks, one would expect that a result of increasei,

j caution would be a decrease in the nu=ber of vords "recallei''..
-

4
,-

f k Objective organiza:icn, as assessed is the presen: s:cly, requires :he schjectf

!| i
| ; to analyze the to-1,e-renenbered 1:e.s at the level of ze. nit;. ~harafare. :he

alcohol-related i=psir: ant seen in ensurss of organizat10nsi crocesses very like'y
I
.. is a :sficction of ic; ired encoding. f.'nfor:9ns:ely the t ai designed :o :ssass

I,
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3- leve~. af encoding produced inconclusive results. Overall, the results of the
J. present study were consistent with the hypothesis of a disruption of encoding ..

q
,

process in moderstely intoxiested individuals; but a definitive test of thej *

hypothesis is yet to be made.
,

'

i The second' project examined che combined effects of alcohol and task diffi- -

], culty on speed-accuracy tradeoff in auditory choice reaction time. The results
' 9 confirmed those found by the Walter Reed group, showing that alcohol produces ad dose-related decrease in the slope parsmeter of c;ie speed-accuracy tradeoff func-
,

; tion but has no systematic effect on the intercept parameter. That is to say,
*

alcohol had no effect on fast but relatively inaccurate performance but produced
i substaatial deficit in relatively slow but accurate performance. Thus in speeded

'

| ], choice tasks, the moderately into-icated subject can sustain high accuracy bue does
*

'

so with considerable loss of speed. '

; e

Task difficulty was manipulated in this study by varying the rule for mapping.

']. the response on the stinalus. The side-discrimination task required the cubject.;

|$ to respond according to a highly compatible left-right position rule. The pitch-
.1 discrimination task required the subject to disregard position (ear stimulated) and
<d respond to pitch according to a lef t/right rule. Reaction times were longer for.

.; the pitch than for the side task. The task difficulty variable influenced the
J intercept but not the slope of the speed accuracy tradeoff function, and its effect
j were independent of these of alcohol. The isolation of the task effect on the inte
f' ceot parameter probably reflects increased requirements for stic:ulus processing in

~1 the pitch discrimination task, and the absence of a task-by-alcohol interaction
;1 effect is consistent with our earlier conclusions that alcohol influences output

! cognitive processr.s associated with response decisions rather than input cognitive
'

; processes such as stimalus encoding.

I The third proje:t e= ployed two visual choice reaction ti=c tasks (Digit-Key
, and Light-Key) and si=ple reaction time te investigste the effects of alcohol on

information processing se two levels of practice. Serial sesge models of choice
reaction time postulate that the longer reactiers ti=es found for the Digit-Key

- task are due to a translation requirement ter that task whien is not present in
i the Light-Key task. Thus, correct respending in the Digic-Key task requires the
, subject to translate from a numerical to a spatial code, whereas for che highly
j conpatible 1.ight-Kay task the stimulus and response codes cce identical. E= ploying

J, the two visual choice tasks with si=pl reaction time, subtraction procedures are
used to obtain estimates of the durations of two hypothetical sesges of information

.i j processing, translation and response selection.
,1 i

,j In both the short (100 trials per task) and long (2,000 trials per task).

i. practice groups, alcohol slowed perfor .caca on toch of the choice tasks. At both,

|d levels of practice, alcohol produced si;;nificant inctesses in the estimated durs-
I - G .I . tion of both hypothesi:ed sesges of infer:stien procsssing, transistiun sud respense

j,].d ,
practice improved speed in all three 'easis, it did not prevect sicohol-related

selection. In the short practice group, sicohol had no effect on si=ple reaction
time but in the long prsetice group s1=;1e reactica ci=e was slowed. Althou;;h

| . q
; j ifT deficit on sny task. ".;i t.% repeated sicenel doses spaced 43 hrs. spart, there was
|d evidence that the suhject c;)es not " habit :ata" to sicohol effect= such that i= pair-

y}. =ent is reduced in a set:nd alcohol sessie.. In fset, there vare trends in the
dses su;;gesting that alcohol interfores veth the beneficisi effects of practice.

|[ The results are ernsistent with our str?ier conducien thu sicohol of fects
| .q sre targeted upon output sognitive procasus asso:isted 1-5 selectin:; enc
I; ,8 orgsni:ing the respons e. They extent our earlist wort, by showing that alcoholW aise causes slaving cf s nore central e :;nitivs process. sti=ulas to response
,q
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41 translation. Finally, the results' indicate that practice up to 2.000 trials,
'. l. spaced over several days does nec protect performance against the impairanne -

' j '. I l I associated with moderata intoxicacios. -
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J; ' ' I ALCOHOL AND MEMORY |
'

.. .j''
<

' Three previously completed experiments using free recall and free recall
* Learning had led to the following tentative i.onclusions regarding the effects

of acute alcohol intoxication on hissan memory processes:-

'| 1. Alcohol intoxication (BAC = 100 mgI) produces a substantial and reliable
'

.2 effect en recall from long-term store (LTS).
*,(, 2. Intoxication at triis level also loads to a ~ smaller and somewhat.less

i. ; reliable impairment of tecall from short-term score (STS).
3. A moderate increase in errnes of commission (statistically significant*

in one experiment), and an interaction between the effects of alcohol and a cask
* - variable, list length, suggested that the alcohol deficit seen in output * ..a

LTS may have resulted from impaired organization of items in LTS and/or from:=.

J. }~ impaired retrieval. Data from the third experiment of the series indicaced
j that i=texicated subjects were impaired in the use of objective organization =1.

"'

aids as ladoxed 1y a risasure of clustering. In addition, the clustering measure
correlated strongly (,r,,, = .87. p, < .001) with the criterior. :nessure, total

'

correct recall,> -

j 4. In two experiments the task variable, forced inter-ites rehearsal (TlR),
1 was empicyed to load the STS-to-LTS transfer mechanism. The two le rels of TIE
'

employed were one or five verL41 repetitions of each co-be-remembered iten during
the 2 second interstimulus interval. Clanzer and Mainzer (1967) have shown that
such forced rehearsal impairs outpur from LTS,- but not from STS. Thus, these> _,

investit2 tors have hypothesized that FIR interferes with the transfer of !tecs
from STS to LTS. In neithet of our two experiments employing FIR as a ti.ski

} variable was there an interaction between the effects :,f TIR and alcohol. Thus,
our data do not supoert the hypothesis that sicohol intarferes with STS-to-LTS
e nt.s fer.

7ta completed work, reported below, is a fourth study in the series
investi:; sting the effects of acute alcohc1 intoxication on huse.:' memory processes.,

-

This st.:dy van desig=ed to test the fcilowing hypotheses derived pri=srily fecs
the previous experiments in the series:

1. Alcohol (EAC = 100 mg:) impairs recall from tuo hypothetical :r.acory
stares: STS and f.1S.

2. Alcohol 1.upaire retrieval pocesses..
.

-i 3.. Acute intoxication mimica in certain ways alcoholic Forsakoff syndrene.1

In particular. acute inestication impairs encouing processes, leadins; to pr::essing
; at : hallow levels (i.e., at phonemic levels esther than at gecantic levels)..

4. Alcohol i= pairs organizational procasses and specificsily interferes with<

*

the usa of obji.ctive organizational aids present in the to-be-rc=cabared materisi.
'

1' Three groups of subjects participated in the experf tent. Subjects assignedj
j .

to Grcup * csce to the L.coratory on two si.ccessive days. These subjects received
. a pla:.?:: on Day 1 and a moderate dose of alcohol on Day 2. I!alf of the Group 1

'

, suMe::. erfo r ed Tss, s la. 2, and 3 or Day I cad repeated Ts. !s : . .~1y 2.
"'ae re=ti:Ing Group i su' jects perfor=ed only Task is en Day 1 and Tasks la. 2:

ni 3 :: 227 2. .sublects assigned to Cren? 2 (plsecbo) at: Grou' 3 ish:h:ll :: a
:: -he ' Wratory on cne c::axion only, anJ perf.sraed hat ib. 2, an d 1. :.u.; .

.

.
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q: q
'u approximately half of the' subjects (Crosp 1) performed Task in while the remaindI (Croups 2 and 3) performed Task lb. All aubjtsts performed Tasks 2 and 3. For

l. . ; clsticy of presentation the casks will be reported separately. -
,

,
3

i

-]g Tasks la and Ibt Tree Rees11 and/or 2ecernicton
e

, <

i N I troduction
1;'j, ff alcohol impairs retrieval from LTS, then a task which eliminates

'

t
~

: retrieval or, at least, reduces the retrieval load should show 1ess impairment
"

than a recall task. Recognition tasks aru generally presumed to require.either
' (1) no retrieval at all O..e., scacch-free retrieval; see, Anderson (Bower,197

. Ber=hach,1967; Bower, C15ck, Lesgold & Winzens,1969; Kintsch, 1968, 1970;
; Murdock,1912; Norman & Waugh 1968), or (2) a substantially reduced retrieval
' 'load (Shiffrin & Atkinson, 1969; Tulving. 1970: Tulving & Thoepson, 1971f. In

either case, alcohol night be expected to havs lesser af fects on recognition tas:j .

than ca free recs 11..' .

*
Nethod.

i <
subj e cts. Forty-six male volunteers (ages 21-30) were recruited from

? . nearby colleges and universities and were paid for their 'sarticipation. Two
i subjects became nauseous af ter receivi=g alcohst, tesv? g a total ~ of forty-four

subjects from whom Jaca were collected. Subjects we c randomly assirned to one
of three group Croup 1 subjects (!! = ?J) came to the laborator/ on two
successive days and performed Task la (free recall and recognition). The>

assiped to Groups 2 (N = 11) and 3 (:' = 14)gse of alcohol on Day 2.
received a placebo on Day 1 and a moderate .d Subjc:c.:

car.e to the, laboratory on one
occasion and perforr.sd Task lb (reespicion). ' Group 2 recof ved piscabo drink.s
on tr.uir single session,'and Cec.p 3 receiv=:1 s moderste dose of alcohol. Subj e.

. were tested in gronps of three or four.

sc,

A,1eohol donate nr.d administraciu. Subjects were fasted (water oz:epted) fi
at least 'our hours bef ore coming to the laboratory and were requested to refrsia
from taking any drug fcr at least 24 hours prior to participation. Nene of the
subjects were currently receiving orescri-tsca nodication. Tbc alechc1 dose
consistei of 1 g 957 ethanol per kg bcdy weig t r:ixed it uich orsm;e drir.k.S

,
,

:.j The co.a1 beverage was divided into thrg- drin*cs anel-concur.e4 within 3' =inutes..

*

Placebo consisted of an identical *olme of or:nge drirx. (total 4.8 edikq) witht

*4-5 si etnanol floated'on the top of each of the three drinks. Inicist areatisl:
measurat of F.AC w.are tsken 30 =iures fc11owi t consur ption of cho finst drink.

',
Two subsequent BAC deter ainations vere mtda following Task 1 (about 25 minutes

,
later) and Task 3 (st,out 60 =inutes sf tir thiinitialfcessurement).

Prect. dure. Task is' corisisted of f ree re:s114N ton 15-word lics. each lis.
*

beleg f allowed by a recopition t.tsk. Af:er r*sts if fre's re.:sil a .d re.:o. nitics
sub'a :s performed a final free rec.a*1 cf tha ards in all liets. Es h 1.st.

y consisted of 13 f.n.;11 sit words of ces sylist,le. The ward: vara ef hi::h ft:v.enty

I 1. G re .: s 2 ud 3 uc re pl ar.: ed to I .c' . .a *.2 re f n .s . a'i Ti.e .n:"an u'?W M..

werc *.:en result o f a sche 41nr. e rr: .

1 ~'
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! y according to both the Thorndike-tarr,e (1944) and Kucera-Francis (1967) nouv.e.-

'

t..... Words were projected on a large screen at a two second rate by emans 9f a Kodak
|

.

'

Iktagraphic slide projector. End of the list- (beginning of the recall interval)
was signalled by a blue slide containing five question marks. Subjects were* *

instructed to write as many words as they could resecher witho%. regard for order.

of presentation. The experimenter suggested to subjects that prior resestch had
indicated that the most efficies: recall strategy was to first write the last,

few items and thea try to recall ir. ass from the first and middle porcions of the
,

*
; list. Lamediately followics each free recall period, subjects were presented a.

page containing the 15 list words randoaly mixed with 30 lurss. Subjects
responded to each ites by eircling.a number from 1 to 6 to indicate his confidenes-

that the werd was or was not 's nenber of the preceding list. Following the tenth.
.

presentation-recall-recognit.on cycle. subjects were asked for written final fres
rec.sil af .all lists. Ninety secoeds were allowed for free recall, threc. minutes

*

for tt.e subaequent recognition task, and fite ainstes for final free recall. Two*

. sets of l') lists were used for Task la. Half of the Creup 1 subjects received
Lists 1-1G on Day 1 and Lists 11-20 on Day 2. The reasining subjects in Group 1

*

received Lists 11-20 on Day 1 and Lis:s 1-10 ou Day 2.

Task lb (recognition-final free recall) was identical to the foregoing
except that subjects performed the task on one occasion only and immediate free
recall was ondeted..~ Thus, the recognition subtask immedistely followe.t list
presentation. Written final free recall followed ths tenth presentation-recogniti:s
cycle. Task Ib was performed only by Groups 2 and 3, and these subjects, thereform.

' served as a centrol for the time elapsing between list presentation and memory-

, assesscent.

N Results and Dircussion

Bloodtil.oholconcentrackpis,. For the placabo condition (Cruup 1-Day 1
and Group 4 wach subj ect's saxi .i.:n 3AC was well below 10 mg*. Mac.n 3AC for
subjects in the alcohol condi: ion (Group 1-Day 2 and Cro:p 3) sveraged 37 mg2.
Means nd standard deviatians for the three.BAC'dcter=instions are sho n in
Table 1. During Task 1 the subjects' ceas EAC rose from 32 to 96 eg2.

Tsok is: Temdiate frea ree 11 of 15-med lists. For analysis the
15 serist positions were ectnined to form five blocks of three positi:ns each*

(e.g. , 1-3, 4-6, etc. ) . Alcohol produced a reliable decrement in 1:=Miate
recs 11 Q 1. 19 - 24.15, p.,e .CC1)t. The scrisi position curves for both alcohol
and placebo condi:1ons were of ths :rpical U shape, and the 7, ratio for serial
position was highly signitIcant Q 4, 76 = 33.17, p < .001)t. Hovever, the

' in'.eraction between drug condician and serial posi:fon was nonsignifican:
(F 4, 76 - 1.13), nnd the si: pic nain ef fee: of drug was significsnt for the
final three list positions Q 1. 13 = 4.15. p,< .05). These results ccafirm tha
three previcus experiments and 1 ply that 21cohol i= pairs the recall of ite a.-

In both long- and short-term stara4e..

Mean errors of com:.ission (i.e.. wcrds "rreallad" tha: were not =e.hers
'

of :he list) vare ?.35 and 11.;; fer ptscabo and 1 :anettiens res:se:ively.'

*
Tha differen:2, L: ever, was not si;nd.fie.nt ( c_ . . '). Th' :. in :"r:e
e.:;cri=ents ==2n errara of ee :.issien was :onststent ,;ner for 1. :x!.:a:od.

, .

-S un tfic .n: a: p. < .05 ce be::ce. -:n-p rtneeri: :ts:s.
,
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' Table 1
.

., . .
.

Blood Alcohol Concentration (N = 33)
,

.

'
-

_.

., ,

Time since consuspeion of beverage (minutes)
.

30 55 90" ~ '

&

BAC (og2) -''

. ;
.>

Mean 82 96 83'

*

_SD 13 17 14
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subjects, but the difference between alcobal and placebo was statistically*
' ,

significant.for only one experiment. Across the three experiments the average |,,

.t increase is commission errors from placebo to alcohol conditions was 86%. <

l 6
.

'

Task la: Delated recoanition (followins free recall). For *4oth sober
and intoxicated subjects, nearly twice as many items were corrr.ctly identified
la the recognition subtask as were recalled in the immediate free recall subtask.

N However, alcohol reliably reduced the number of correct recagnitions (119 =
9 4.10, g <'.001)t. Intoxicated subjects tended to commit 2 ewer false recogni-^

_.! tions (falsa alarms), although this result was not quite significant at the .05
1*a. 1evel. There was no significant difference between the s. mount of alcohol-related

j ! decrement in the immediate free recall task and the recognition task.- This was
|{ | true whether decrement was calculated on the basis of number of words (c 19 =
:! ;, 1.03)* or ou proportional change (119 = .48)*. Thus, r.here was ao indication
;{ that the retrieval operation of mamalry scanning was the target of the alcohol.s

Q{ effect. The signal detection statistics, d' and 8 were calculated for both
t; i alcohol ~and placebo conditions of the recognition task. The d' estimates were

,

p ; la'wer is the alcohol condition, again indicating a reduced ability to identify
ij t list items (g < .021, sign test). A sigriificantly higher 8 statistic for the.

;i I alcohol condition (g < .006, sign test) indicated r. hat when intoxicated, the
.f ..j subjects were more " cautious", i.e., less willing to identify itema as being

]i.j: list items. Conversely, once commtitted to a response, the subjects tended to
have a higher degree of confidence in their responses when intoxicated than when4

'? A sober (c 19 = 2.07, g < .10; g = .06, sign test). Indeed, the degree of confidens'' ' was.significaatly higher in the alcohol condition (g < .05) for each of three
response categories: hits, correct rejections, and misses. Only for false alarms
were intoxicated subjects less confident than sober subjects. However, this

'f
,

latter trend was not statistically significant (1 19 = 1.22)*.,

1 .

Task th: Imadiate recognition. The possibility remained that the delayed-

recognition task failed to show a disproporticcate improvement over immediate fres
. recall performance in the alcohol condition because recognition followed recall.
| j, Therefore, twenty-four additional subjects (Croups 2 and 3) perfor=ed the recog-

nition task immediately af ter list presentation without intervenias free racall.
:j The impairment in inmediate correct recognitions by the sicohol group (-15%) was

similar to that found with recognition following free recall. However, with,

independant dwups and smaller sampla sizes, the alcohol effect did not reach'

i statistical sig tificance with the parametric test (t 22 = 1.67)t. As in the
|j delayed recognitica task the alcohol group had lower d' and higher 8 scores,

i although neither reached significance. When the number of correct recognitionsi ,

'was cc:cpared for tha ic=:ediate and delayed tasks, no significant difference was<

1 found for alcohol (c 31 = 1.01)* or placebo (t 29 = .95)* conditions. Thus, the
'* data support rejection of the first hypothesis (viz., that alcocol interferos.

k, j eich tha memory scanning aspect of retrieval).
,.

1

] <? Task la: Final free recall. Final free recall was performed by all subjects,

However, Group 1 (Task la) represcats a within subjects design, while Groups 2 and4

} 3 (Task 1h) require betwen subjects analyses. For Group 1 alechol reduced the;,
number of vords recalled frca a =esn of 26./. to 10.3 (c 19 = 6.03. ?. < .001)t,

'

;4 and incre: sed the nu=ber of errors of cor-ission fro = 1C.0 to 13.5 (c_19 = 2.18,
& o < .05)t.

-j-

i

i
* Nonsignificant by non , arnetric test.
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A set of curves was constructed by calculating the mean recall for each., I list. and arranging the lists in order of presentation. These data are displayed" < *

| in Figure 1. Main effects were significsnt for drug (F., 1, 19 = 54.3, g < .001)t
-

6 and serial position Q 9,171 = 13.3, g < .001)t, as was the drug by serial
1 position interaction (F, 9, 171 = 3.91, g < .001)t. Differences between the curves

4 1 were significant at the .01 level or better Q tests) for the following list
j positions, 2, 4, 7, 8, 9 and 10. Examination of Figure i reveals that the

i placebo condition's advantage over alcohol steadily increased from List 6 to 10..

i An hypothesis that alcohol interferes with consolidation processes might predict+

f that alcohol-placebo differences would be greatest for the initial list and least<

< - ). for the final list. In other words, i* alcohol interferes with consolidation
processes, those lists undergoing consolidation for the longest period should be

' . ' the most affected. Of course, such a prediction assumes a consolidation process
*

*

1asting several minutes or longer. The present data are contrary to such an*

interpretation. However, note that the interval separating presentation of the,

initial list and final free recall test was only about 45 minutes, and the numbera
i cf words recalled by the fatomicated subjects was small (mean = 10.3 words).
. These data, therefore, do not represent a stringent test of a consolidation*

I interference hypothesis.
.

Task Ib Croups and 3: Final free rees11. For final free recall the

} I . 5.lacebo and alcohol groups recalled an average of 15.4 and 5.3 words, respectively
>! ; Q 22 = 4.01, g < .001)t. Unlike the results with Croep 1 however, Croup 2
;1 (placebo) subjects tended to have more courtission errors than did the Croup 3

(alcohol) subjects. Both Group 2 and Group 3 recalled significsatly fewer words
than Group 1 (g < .01, e 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 icv scores (mode = 0) among
the alcohol subjects.

Task 2: Intra-I.ise Reco .ition

Introduction

' Tasks la and Ib ass =ined the effects of reduced retrieval load en alcohol-<<

f impaired mecary. The results suggested chat the memory scanning aspect of retrieval'

i is not disrupted by al: obol. Perhaps, then, the ce=ory deficf M experienced by,

intoxicated individuals result from storace difficulties. To source of tho deficit
may lie in the. manner in uhich intoxicated subjects organize (or fail to org:nize)
naw items in memory. A second related possibility is that intoxicsted persons

,

may' not encode the TBR items efficiently. Task 2 was designed to test the latter
e notion.

When a T*1R itets is stored in LTS. a certain scount of ancillary infor=stion
,

,

- must be stored with the item (Andarsen & Bower,1972; Shif frin & Atkinson.1969;
Tulving, 1970). The amount and nature of the ancillary infor:stion stored1 .

.

probably has a strong effset on the itom's retrievahility. Store;e of sacillary
; infor:ution with the TER iten is co==only terned "esding". If alcohol inte:ciestien
| . impaired coding processes, recall vould be adversely af fected.*

- ;

t .neversi of the possible encodin:; dimensions ars kncun and their effcce on
i retrievability has been d constrated ( Tulving 19M: ndervood, 1!55). A nu-M e

i of in'.'esti;sters have h. :chesi:ed a hiersrchy of nnein; di .ansim ier cri sl
=aterial, and have shewn that ebeso dimensions affect recs 11 (ca . Craii i

* L ou.ha rt . IM:; cardiner.197!.; Hyda *, Jenkins, 19yi: 7cceer '.k*.:ren. 1972;
*'ickens. 1970). Thrce diccasicas en which worda sy :: aneodea *re lic:J 'nn
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. the level of encoding effectiveness increases, the difficulty of * encoding like.

,

order of increasing effectiveness (1) acoustic (phonemic), (2) associative,.

'

pad (3) semantic characteristics. There is, in addition, some evidence that as.

.i .
' I f vise increases (Cermak & Butters,1973)..

,

An intra-list recognition (ILR) task, developed by Shepard and Techtsoonia.

.j i (1961), has been shown to differentiate normel and brain-damaged groups on

.;-} dimensten of coding (Butters' & Cermak,1974; Cermak 4 Butters,1973). The Ill
j } task consists of a loor, list of words presented singly. As each word is preset
i. I subject responds according to whether the word has appeared previously in the *

:' il + Typically, the list is compcsed of pairs. of repeated words, homonyms, high
f 1, frequency associates, and synonyms (e.g., Anisfield & Knapp, 19(A). If subject
8 ' enc $ des words on the acoustic dimension, false recognition of homonyms would be

:}~i ~ and so forth. If alcohol leads to encoding at the less' effective levels, than
- expected. Associative encoding would lead to false recognition of associates,j..

a| : k
the intoxicated subject should have increased false alarms to ho.nonyme and '

;
'

associates. This is precisely what Cetmak and Butters found with sober alcohol'!., Korsakoff patients. Incideocally, such patients have been shown to have intact
* *

|. STS but grossly impaired LTS (Baddeley & Warrington,1970; Warrington,1971).
' 4

h '
Hechod

;}f
*

. ,

1 ;i All 44 subjects performed the ILR task on one occasion. Half of the Groug
*

subjects performed the task on Day 1 (placebo), and the remaining Group 1 subje
'

; performed the task on Day 2. Subjects in Groups 2 and 3 came to the laborator)
' *on one occasion only and performed the task at that time.

. .

* i Subjects were given a 10 ninute rest period after conpleting Task 1, and t
second Breathalyzer measure was takan. The ILR task was then begun. Following
instructions ar.1 a short practi:e list, a single list of 30 words was presentec

*

by means of a Kod4k Pktagraphic slide projector at a three-second race. Folles
presentation of each word, subject responded by. circling either "yes" or "no"

,
according to uhether the word had apoezred previously in the list. The 80-word

.i list' was composed of four sets of 10 sord-pairs'. Set I consisted of 10 words.
-| each repeated once in the list., Sets 2-4 consisted of pairs of hocionyms, high
'

frequency associates, ' sad synony=s, respectively. The words were randomly
shuffled with the constraint that thera be two, three, or c: ore than seven ite=s

' intervening between the members of each pair. This arrangement was designed to
'

; allow the separate essessment of the level of encoding of tords held in STS and
LTS. High frequancy associates were presented in forward order only. All med

. .

H ' 'were of relatively high frequency- of occurrence according to the Thorndike-Lorg
'

(1944) and Kucera-Francis (1967) norms, and nono of the words had bean presente
previously in the experiment..

Results and Discussion
> ~

.

* *
'As shown in Table 1 the mean BAC of subjects in the sicohol condition was

96 mg?. at the beginning of Task 2. The final BAC deter =ination was made 35 =in,*
1ater (af ter co pletion of Task 3), and hsd fallan to 33 nF. at ths ti=e. 'u

i Tasks 2 and 3 vare perfor: ed during a period of declining intoxi:stion. All*

,

;; subjtets in the placebo condition hsd zero blood al: chol.f

| If the intoxicated subject vere to encoda at ic:s effective levela, c.e va
'

,' expect a decressa in the hit rate. In addi Lon. e :todi .; at the a:oustic level
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Task 3. Effects of Alcohol and Task Variables,,

. . . .w.

:I | I on Proportion Correct Recall
'

.

;,a .

-.i ..

..

,) - I

o :
ja .

:; . Drug Placebo Alcohol-

..
'( ; Mama .56 .30.

.I ! ; * JD,_ .19 .12'

- - ..
a.

t' * - Trials One Twoi. .,

* , ;
*

Maan .34 .52* '
, ,

i SD . .16 .20,q

I'
i List Arrangement Randon Blocked

t.
, ,

4 i Maan .38 .48.

i _SD .13 . 20
.

.
.

?

h

Trial 1 Placebo Alcohol

Mean .45 .23
-

.14 .08SD

|
* * *

Tdd 2.

.

.
Meza .67 .37

' > .

~
.16 .11SD

.
. ..
.

' * Deut

*

List Arrangement Placebo Alcohol
,

I *

Random Mean 49 .27
' *

i S,n .0S .08

. . 31ocked Mesn .63 .32'

.S_D._ .17 .C9
.

t
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*

rather than the semantic level would produce a confu: foe of homonyms. Thus,; .

L ,1 the subject would. tend to make more false positive responses to the second*

:.- member of a pair of same-sounding words (e.g., " bear" and " bare"). Likewise,i

# encoding on an associative dimension would lead to more false positive responses.

! to high fre<{uency associates. Therefore, if the encoding hypothesis were correct,
'

|', one would expect, as a minimum, fewer hits and more falso alarms in the alcohol'

i condition. The alcohol group did have fewer correct identifications (g < .05)*
; i but only marginmity more false alarms than did placebo subjects. However, since

,
i - the false alarm race was very low for both groups (placebo = 9.3%, alcohol = 11.3%),'

1' this task may not have provided a sensitive test. Indeed when false positives to
'l.J, the first member of each word-pair are added to the false alarms for second members

of word-pairs, the alcohol subjects had substantially worse scores (g < .001,-

* *

qtect).
. . .

] - 6 The d' statistic was nousignificantly smaller in the alcohol group (c 19 =
| 1.46, g < .20)* and the 8 statistic was marsina'1y larger (c 19 = 1.78, g < .10)*..

.

#

^

Since the prediction of decrease in hit race is not unique to the encoding '
' 'hypothesis, the data from Task 2 cannot be said to support (or contradict) the-

.j notion of less efficient encoding by intoxicated subjects. '' '

1 -

! Task 3: Multi-Tetal Free Recall of Categorized Lists

}
1 Introduction.

-
.

i

| Data from an earlier experiment indicated c' at intoxicated subjects haveh
j difficulty in using associative infor=stion, particularly on the initial trial.
'

one interpretation of this finding was that alcohol impaired subject's sbility
*

to generate a plan for organizing items in mecary. The difficulty of organizing.

the list items nay have been exacerbated by their random strangement within the
lists and by scrambling the lists from crial to trial.'

.

Wen the members of a TBR list are composed of items from a few estegories,
and the items from a given category are presente:d together (blocked presenestion), -

orgar.izstional difficulty is greatly decreased. For anxample, Eower and associstes.
(1969) structured 112-word lists into hierarchical estegories and found mean
perfect reen11 by the third presentatica of the list. Wen the same list ite=s
were presented in random order, mean recall after three trials was shout 53 worda.
Their experiments are an outstanding exa=ple of the facilitative effect of
organization. ,

| If alcohol primarily impairs subject's ability to develop sn orgsnizational

| scheme then the difference in recall of blocked and rahdom categorized lists.

;- should be greater for intoxicated subjects than for sober subjects. In other words,
. blocked presentstion preorgani:es the list and thereby reduces or eliminates the

requirerent for subject to develop an organi:stional scheme. On the other hand,.
.

if alcohol impairs the ability to estry out an organizations 1 plan (either in
storsge or retrievsi), then the difference in rscall of blocked and randon lists

*
. esy be grsater for the sober subjects, i.e., blockir.g will be core bansficisi

for sober than.intoxiested subjects. Thus, an inieraction betvesn the drug*

' and the grouping variable was predicted. The f ars of the inter:ction shoul.1
[{ differentista the two hypotheses.

t

. ,

' 20
,

, , ._ _ . _ . . _ .= __ .__

' <i. : ..

1
-

. : a

i.

| S

l*
.. . . .

| ~- ,.-

_ _ _ _ _ _ _ _



_.
.; _, . .,[_;~a_.... ., . _ ..- |i.. :. .

-*

, .. 7.~....... . _ 3 . J.
.tq'j i . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . ... .. . . . . . . . . - . . . .

]' -

o
.

.,
' :
3

.

Hethod''
.

'' -
. .

t .
> ;

|
t Task 3 stimuli were two 64-word lists, each comprised of four category

-

.

, names and 15 members of each category (e.g., vehicles: truck, bus, etc.). The*. .

d, 64 words were presented os four typewritten pages with 16 words to a page.
-i Subjects were allowed 32 seconds study time per page (2 seconds / word).
-2 I Following study of the entire list subjects were given six minu:es for written

1 free recall. The' study-case cycle was ten repeated once with the identical

.f* list. Each subject performed the task on one day only (following completion

. of the ILR task) and received only one of the lists. Twenty-one subjects (one-. ;.
half of Group 1 and Group 2) performed the task while' sober. The remaining'| +.

1 23 subjects performed the task while intoxicated. yor 23 of the subjects the
', words were blocked by category (i.e., each study page began with the name of a;

category,15 members of the category following). For the remaining 21 subjects-

the entire list of words was randomly shuffled with the constraint that no-
.

* **I category name appear in the top position on any page. The resultint experimental.
, design was a 2 x 2 factorial with subjects nested in the cells.'

,

) Results and Discussion.

Task 3 was performed on the descending limb of the blood alcohol curve.'

,

'4 t ; As shown in Table 1. ,15 minutes before the start of Task 3. mean BAC of subjects'

in the alcohol condition was 96 ag . ' By the conclusion of Task 3. mean BAC had# '

} | fallen to 83 ag%.
' *

Correct recall. . A three-wsy analysis of variance was performed on correct
t recall scores. E.ach mein effect was significant in the predicted direction:

.

{ drug (F,1, 36 = 55.06, a < .001)t, trials (F 1, 36 = 187.9, g < .001)t, and list
arrangement (I 1, 36 = 7.31, g < . 05) *. Call means and standard deviations are
given in Table 2. As shcvn in Figure 2, the present experiment replicated*

.

| (E 1, 36 = 8.58, g < .C1)t the interaction of drug and trials found in a previous
|

experiment. Although tha =eans were in the predicted direction, :ha interaction
of drug and list arrange =ent did not reach statistical significance. The trend

. was for the blocked arrangement to benefit the sober subjects more than the
i intoxicated subjects. As compared with randon presentation, the biccked list
.

- arrangement led to a 28: improvement in recall for the placebo subjects and an
18% improvenent for the alcohol subjects. These data tend to support the

: hypothesis that alcohol 1:= pairs the ability to carry out an orgznizational plan.

| }t
None of the other interactl.ans approached statistical significance.

.

*

Stability of recal. . Stability of recall was calculated as the propertion
of items recs.Ced on TrJs1 1 that were also recalled on Trial 2 and was analyzed ;

;
' in Experiment 3 to assess subjects' difficulty in locating thn appropriate storsge ,.

locations in LTS. Two interpretations of the stability measure are possiblo. If'

- . LTS storage is perm.tnent, then recall of an 1:e s en Trial I w1:h a subsequent
recall failure on Tria! 2 suggests a retrieval failure. Thus, Icuered stability .

4

3 , 'of recall would implica:e an i pairment of retrieval processas. On :he other
I hand, if LTS storage is !=per:anent-even over a estter of =innes-then reduced
3 -

. recall stability suzzests an incresse in the race of loss fre: L S. 2.is latter
' - interpretation would be em sis: cat with the notisa of 1:psired censolidstion.

Although either interpre stics of recall stabili:7 is plausible. :he for:ce is

core consisten: with the s:::sze nodel.
3

,

- t
I '

|
.

.

!

- 21i +

,
*

9

.- _._ . . . . - . . . . _ _ . . - _

-- ;

t .j

i- i
*) ,

I$ . ,Ia

r4
|} *

ii i
! ,! . - ~ . .

. - . . .

. . - . - ._ .. .



. ''-. --- -- .
... ..

.. . a. . ' ~ ** . -. n.,6 .M-

|* t
=

,*
.. . , , _ , .._ . e .. - . . .-e-~*w*w*-*~ ~***~#* '* * * ' * * * . . . . .

'
t

' *
.;

.
-

4 *

s '

/ .

.
-

; . -

.t
| * .

. .

t .
'

,

:
t
i

1 ao -

.
.~ .

.
4

."

.
.60.

-

i neane
.

'i
.

.
e

jg ''p
-

., .
,

i o
9
E

'
..y.

: .4o- -

,

w
.

& .

5 '/a.

i,
~-130 /w-

1
o.,

! u
G=

.-

.20 -

.1' 0 -

t

.00 9

Firs: - Secced. j
Tria!s

: t
,

I t'
.

'

,
.

E 2* 543N 3. I*.Ctf3CCiC3
cf dTU3 23d CT1213 On ic=ediste free rec 311

. . .

t

e e

*
e

b

4

6

** e,
e8

, . g g ee ,w 'O

s a .

4
.

6

. . . . . ,

a

. . . . .

-. ._. . _ . _ . -. . . _ . _ _ _ ._ _ _ _ . _ _ . _ _ _ _ _ _ _ . _ _ _ _ _



- 2 "-''.r2~~d~.-. . == . . O. . L. i . ~. .: - .. .

^^ ''
* * : ... . . ... ~.~~^

$'tj'
; , . . . . . . . . . . . .- .. . . -- . . . . . . . . . . - . . . . - . - --

)} . b
-

- ' l.
j_ .s

, .

'. ') .

1 ] For a previous experiment, alcohol reduced stability of recall, but
;- ; associative strensch had no effect. For the present experiment a two-way

analysis of variance was performed on the arcsin transforms of the proportions. -

. ,

Means and standard deviations of the untransfotMd proportions are shown in'

i Table 3. As found previously, alcohol reliably reduced the stability of recall
* measure (F 1, 36 = 18.53, 2 < .001)t. The taain effect f.,r list arrangement was
; nonsignificant Q = .03)*, but an interaction occurred between drug and list

arrangement Q 1, 36 = 2.10, g < .01). For the placebo subjects . stability of
.f

. recall was higher in the blocked than the random arrangement. The reverse was
i |, true for the intoxicated st.hjects. However. simple effects analysis revealed

- a significant ef fect of list arrangement for the placebo subjects only
( F_1, 36 = 4. 5 7, g < . 05) .=

. There was a significant overall correlation of the stability measure with

j total recall (r_ = .49, g < .01).

Sequer.cfal organization of recall: Inter-trial repetitiocy. This measure.

3 of the sequential properties of recall was developed by Bousfield and Bousfield
(1966). The underlying assumption of the inter-trial repetition statistic is,

!. that the degree of subjective organization in memoty is reflected in the recall
i order of iten emission. In an earlier experiment, alcohol decreased ITRs, while

increasing associative strength increased ITRs. These data were interpreted as-

indb. acing that alcohol impaired organization in memory while the presenestion
of high frequency associates increased organization.

?se the present experiment (as before), the observed ITRs were corrected
for change occurrence by subtracting the expected ITRs. Means and tandard
deviatiens of the resultind scores are shown in Table 4. Because of t>a high
correlacion betweer cell =eans and variances, the scores were subjected to a.
square root transfor=ation before the two-way saslysis of variance was perfor:ned.
Again, alcohol decreased sequential organi: scion (L 1, 36 = 10.30, g < .01)t,
while the blocked arrsagement led to increased orgsnization Q 1, 3o = 7.S1,
g < .01)t. The rather striking interaction between drug and list arr:ngement

.i (illustrated in Figure 3) did not resch significance at the .05 level ([ 1, 36 =
' 2.39, g < .10). Nevertheless, a posteriori tests revealed a significant effect

of lise arrangement for the piscebo subjects only (g < .01. Ti 3**v's HSD)t. Thus
the data support the notion that both alcohol sad the objecti' gsnization of
the list affect the degree to which items are or;ssized in memory. The corrected

*
In =easure showed a high correlation with total correct recs 11 on crisi 2 (r =
.73, a < .001). The correlaticas were higher for placebo (r_ = .81, g < .001) thsn
alcohol subjects (r = .63, g < .01) and higher for blocked (r = .82, g < .01) than
randos presentation (r = .50, g < .05).

Subiective orcanirscien of rees11: Clusterint. Clusterin:; was expressed as
,

the nu=her of runs of ite 4 from a giver icegory present in the recall list, and
, ,

i. Z_ scores were derived (see Frankel & Cole, 1971) s .d subjected to a three-wey
'' ana'.ysis of variance. Main effects for drugt, trisist, and the list .trrsnge::ent
|- . varf ebiet were si:;nificant at the .001 lovel in :he predicted directions. Thus,

clus:arisg scores were higher (1) for the placebo group, (2) c.i.risi 2, and'
.

(D for biccked presentatica. Call maads and stsadsrc deviatiens ars r.iven in
'! Ti:le 5. 72n2 of the it.:erse: ions ere signifier.. , althouch the me. es for :he

|:,
dr a 5:r lis: arrsnze en: internctien were in the direc:1cn of -:- expe :ci positiv
intera::ica. A ; ssteriori :ests revesled increared cluster!n:; n ene blocked.
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Table 3-

.

4

-j Task 3. Effects of Alcohol and List Arrangement
*

t

i on Stability of Recall (Proportion of Items
..

*

i
Racalled on Trial 1 That Were Also.

.i

Racalled on Trial 2)..
. .

i.-
.~, .

,

*
,

,

e

'{ Drug Placebo Alcohol
! >

Mean .80 .61
s SD .10 .19
t

List Arrangement Randon Blocked

Hran .72 .70
.S_0 .14 .21

.i

' Drue

List Arran;;ement Placebo Alcohol

Randon Mean .75 .68'

lt,;
,

-
.10 .17SD

*

Blocked Mean .86 .55o

.' - -SD .07 .19,
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TasN3. Effects of Alcohol and List Ar asement on, .

.-;i..

Sequential Organizacica of Recall. f. :es are
e

Based' on Inter-Trial Repetitions C.rc-ted
; q ,

for Chance Occurrence.
' !s .

: i
, 1

.

*
.

: ('
Drug Piccebo Alcol.o1

2
.

.

M .i Mean 4.74 1.24
i ! .! -SD- 5.78 1.15
. I. i

Lisc Arrangement Randes Blocked'

Mean 1.47 4.50
_S D ' 1.46 5.85'

Drvg-

List Arrangement Pla tebo Ale.chel

2xt.om Mesa 2.06 0.39d
: 4

. . ' .SD 1.63 1.04

31ocked Mean 7.41 1.53'
'

h SD 7.20 1.20
.. ,
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Fis;ure Task 3. T..teraction of drug and lis: arran;;ece .t on inte --e~st
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L-
r.petitio"ysittificanceQ<.10).thesimpleeffectofliststracaccac

scorrected for ch.ince). Althou:;h the interaccion did no rea -'
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= - . .t only for the placebo r.roup (HSD < .01)..
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I Table 5
>
.

.
* <

; ,;

.| Task 3. Effects of Alcubol, List Arrangement, sad Trials

on Subjective Organization of Recall. Scores are'

*

Z Scores Representing Cliastering.,

(See, Frankel & Cole,1971).,

.

..

.

,

Drug Placebo Alcohol*

*

Mesa 7.38 3.65
; S.,D 2.93 2.74*

.

.i List Arracge: ment Randon Blocked

Mean 4.01 7.02
_SD 2.58 3.46

Trials one Two

Hean 4447 6.56
I SD 3.11 3.37
1 -

i Drug

List Artss; pent 71sceg Alcohol

Randra Mess 5.54 2.48
.S.D 1.94 2.23
.

*
- Blocked Heaa 9.22 ~ 4.32

. ,

-
2.60 2.76SD
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1
1 . presentation condition for the placeln subjects (HSD < .01)t, but the increase *-

for the alcohol subjects was not reliable (HSD > .05)t. Thus, thers was a strongF. .

E. ~ trend for blocking to increase clustering in the placebo subjects, but .the results
Q for the intoxicated subjects were more variable., , ,

1.

Overall, clustering scores correlated well with recall scores (I = .781-
- *

g < .001). As with the previous measures, the correlations were higher in the+

' placebo group (I = .86* 2 < .001) than in the alcohol group (I = .68, 2 < .001) and
'i higher for blocked presentation (I = .85, g < .001) than for randos presentation

*

3 (r = . 64, g < .01). There was little difference in the correlations on Trials 1
. ~ and 2 for the placebo subjects (I = .87 and I = .84, respectively). In contrast,
{ the intoxicated subjects showed a substantial increase (g < .03) in the correlation*

between clustering and recall from Trial 1 (I = .42, g < .10) to Trial 2 (I = .84)...

Thus, for the alcohol subjects, there was little initial association between

-{, elustaring and recall, but by Trial 2 the correlation for alcohol and placebo
,

; subjects were nearly identical (approvi==taly .84).
7
. J
!. j

i"j General Discussion
*

5
j 3 The outcome of Tasks la and lb do not support the hypothesis that the memory
j j scanning operation of the retrieval process is affected by alcohol. These tasks
'

,1 showed nearly identical alcohol deficits for inusediate free recall, and immediate

j or delayed recognition. Analysis of Task la data strongly supported previous
; indications that both STS sad LTS are impaired by alcohol. The results~of the
| ! final free recall task showed greater alcohol deficits with delayed recall than

with immediate recall. This finding confirmed earlier work by Jones (1972), but
did not support his consolidation-interference hypothesis. .Perhaps the final' free
recall task presents a challenge equivalent to a very long list. p.acall that

.' previous studies had found an interaction between list length and alechol.
' *

Data fron Task 2 were not conclusive with cegard to the encoding-1=pairment,

hypothesis. There is a hint in both Tasks 1b sad 2 that alcohol nay affccc the
decision process such that the intoxicsted subjects vera applying a more stringent'

criterion (higher 8 statistic); but the data are not strong. An incre.ae in S4

might account, in part, for the decrease in stability of racall found in intoxicated -
subjects in Task 3. Of the initial hypotheses the third (i.e., that alcohol pro-
duces an or2snizational deficit) was most strongly supported. The data suggest

i that the. deficit results fron an inability to carry out a coherent organisai:ional
! plan-rather than an inability to formulate a plan. Deca from Task 3 also showed
* *

alcohol impairment of recall sesbility and of two nessures of organi:ation:

} .s ITRs and clustaring. In general, the organizational dets from Task 3 are similar

*
,

to the data from Experi=ent 3 where the organi scion varisble was associative
strength. The correlations between recall and the orgsni:ation car.sures were

j reasonsbly high. Alcohol scens to undermine this association, at lesst for
j.,' initial presentation and recall.

.t;
p Altogether, four studies of acute alcohol effocts on hu=sn memory have
G

. .
. been co=pleted with the support of the Surgeon Genersi, 0 apartment of the Army..

The series of experiment- began (Zxperiments 1 and 2) with a focus on the offects;
.*

y of alcehol on the structirst ("hsrd-vired") sspects of the typical seri..1 store

j models (e.g. . Glan:er's 1972 store:c '.odel). A variable of secondary interest
,

,q in those experisents was c e which :ay relate to LTS orpsni:stien Prit., list
.

-1 le na.t h) . Although the preudures ware socashst diffm: in th* firn two orari-
1 -j =cnts, both emplefad free recs 11 asks: and the cucto.es seru r e.s-ks:1 / t.n. sis:a-t.

'
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@ ' The task variables generally performed as expected with list length and forced
*

4 ", . inter-item rehearsal affecting only recall of the early and middle portion of
Mi the lists (LTS) and the interpolated task affecting only the last few items

~dj '

(STS). Alcohol produced a r=1fshle and substantial overall reduction in recall*

l t .-f performance and had nomadditive effects is combination with list length.
|..

1

ii " e In terms of serial store models, the preliminary experiments gave little
jj evidence for a differential sensitivity of STS and LTS to alcohol. There was no

1 indication of an impairment of STS-tn-LTS information. transfer, but alcohol did
r l'

produce greater impairment for the longer lists. The initial conclusions,
i - . therefore, were that alcohol probably interferes with recall from both STS and

i I, LTS and that.the LTS fapairment may be related to an organizational deficiency.
; j q However, at that point, support for the organizational impairment hypothesis.

,

was not strong, and other explanations were possible (e.g., retroactive inhibitics.|' i .' ,
' l > Given the data from Experimmats 1 and 2, the succeeding experiments centered
: q less -on the structural components of the storage model and more os control

*
processes. Note, however, that attempts to differentiate alcohol effects on.,

'
:, recall from STS and LTS vere made is both Experiment 3 (a free recall learning
jj j study) and in the experiment reported here (Experisent 4).

,

-

* ?
j The principal hypothesis tested in Experiment 3 was that one alcohol effect;p

!_ on LTS was to interfere with organization along the lines of associative linkages.

. j For this experiment association value was varted between three lists, and subjecta
; vere given six presentation-recall trials with each list. As expected, the

. I placebo group showed a substantially higher rate of learning than did the.

; alevhol group. A three-way interaction between drug, association value, and
trials suggested that alcohol interferes with the associative structuring of
memory. - Two seasures of subjective organization (IT2s and clustering) were derive
tron the data, and both were reliably impaired by alcohol. In addition, both;

seasures correlatad significantly with recall. Thus, the data cicarly cupported
the hypothesis that alcohol interfares with organizatics along the lines of
associative linkages. Alcohol also interfered with stability of roca.ll, suggest-

'

, ,

ing an impairment of retrieval operations. However, the net (partial) correlatice. ,

of recall stability and total recall, holding clustering' and ITRs constant, was| t

! nonsigrtificant Q = .17).
, ,

i Three main hypotheses were tested in E;periment 4 using three tasks. The,

j hypothesis that alcohol interferes with the memory scanning process of the
3

j . retrieval operation was tested with free recall and recognition tasks (Tasks la ,

' ' Jand Ib) and was not confirmed. Tastead, alcohol produced nearly idacticalj. ' ' decrements in free recall and reerguition pet.'or=: nee. The levels of processing |
hypothesis (nascely, that alcohol interfares with efficic=c encoding) was tested i*

|: ;

|! ,.

' - with an intra-list recognition task (Task 2) and was neither confir:ed nor
disconfirmed. The hypothesis that alcohol disrupts orgsci:stics in LTS was

' . ' .|; supported in a free learning task using random aad blocked arrrn;assnt of cate- '-

i; gorized lists (Task 3). Data f rc= the free learning task supported the notion
;. that the organizatie:al i= pair = ant v:s not c1= ply an insbility on the part of tha

* *
,

intoxicated subject to develcp an organi:stienal scha e. 1scher, the greatest
*

relative alec,hol 1 pair:ent was reen vich blocked presett:cien (i.e., when the-

lists were preor;. nized for the sd.'2 cts), bt!) ITRs and :1uctoria; were 1: paired's

']
' by alcohol, and both cssures correlated sigtificantly with recall. These resulta ,

[: support the data fr:- :Wpcri ent 3 a.:1 stren.;thea the n.ticn that ale: hat impairs
,.

*
t ,
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f,, ; , organisational processes la .*.75. As in Experiment 1, alcohol reduced the /
~

,

. I stability of recall, but the partial correlation of stability and total recall,.

*

, -

holding clustering and ITRs constaat, was nonsignificant (r = .07). Thus,
i *

yN ;V whatever the. factor reflected by the stability measure, that factor askes little -*

mique contribution te recall. Da the other hand, the second order correlations] of total recall with ITEa or with clustering were significant (r = .41, g < .011y and r = .52, g < .001, respectively).
'i

; In summary' alcohol produce'd reliable (g < .C'1) decrements in four, ,

1, independent tests c. memory functice. In every case recall from LTS was sub-p scantially reduced. Istoxication also impaired recall from STS in each experinsat,J: . .

but the effect was less reliable than for LTS. In contrast to the present resulta,. 3.
Jones (1972) fond no effect of alcohol on recall of words from the final four

{ list positions (STS). These conflicting results are somewhat disturbing since1 .

they cannot readily be ascribed to differences in SACS, instructions, or procedures'j '

~; Overall, the present experiments consisteocly supported the notion that
.

,.j alcohol produces an impairment of organisational processes la memory (see, also,
<

*; F.4rker et al., 1974). The combination of alcohol and those task variables
.| . -] presumably influencing organization generally produced nonadditive effects on
} .j recall performance. Tuo measures of subjective organization vete derived laJ

]] * both Experiments 3 and 4 and these measures invariably showed deterioration
in the alcohol groups. Additionally, these measures of organisation correlated

I
rather substantially and consistently with the basic measure of atmory, total
correct recall. Nevertheless, a causal relationship between or' ganizational
impairment and ispaired memory has not been conclusively established.

'

Some of the data suggested that retrieval operations may be vulnerable*

to latoxication, but the evidence is not strong. For example. stability of
recall was impaired by alcohol in Experimeats 3 and 4. These results suggest a

| retrieval failure. However, inefficient organization could produce retrieval
ifailures even though the ret'rieval processes were intact. Perhaps eore importantly,

>

,

3 the net correlations 'betzsen recall stability and total racall were nousi:;nificant.
.

! Experiment 4 providerd sc se evidence that intoxicated subjects apply a more5

stringent criterion for identifying previously prasented iters (incressed 8).
Thus, the decision function of the retrieval operation =ay be altered in intoxi-
cated subjacts; buc. here again, che dats are equivocal with significance levels

,
i

'
ranging from .006 to .20. yinally, data from Experiment 4 did not confirm the '

,
,

hypothesis that memory scan sing La impaired by alcohol (see also Tharp et al. ,
<

; 1974).
-

*
.

Alcohol and the Storwe Wdel. '

,

i

So far the discussion has centered on the question of alechol effects on
. accory as viewed from the pers; active of the storage model. Terhsps some*

4 attention should be focused on the model itself. Two points are of particular
inte est: (1) How well did the =sdal stard up when applied to intoxicated,

i
subjects?, and (2) Recrespectively, what wao the utility of c:nducting the studies** *

within the framework of the edel?
-

In answer to the first q':erci:n. the model vas quite robust to the effcets
of alcohol. The patterns of intersttions between task-relatad tariables and serial

<

.
-

! |
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. j position were consistent for both sober and intoxicated subjects. For example. *.

j.j list length affected only the first and middle portions of the serial position4
,

1 j curves in both alcohol and placebo conditions. Thus, alcohol intoxication,

1]
- j i ,'.- , seemingly did not alter the hypothesized relationship between STS and LTS or

between the memory stores and those task variables which uniquely affect.one or,

4; ) the other. On the other hand, the robust quality of the model may reflect an .
; ! insensitivity of the paradigas employed or of the model itself. As sentioned
.,'i above, through four independent experiments there was little evidence of a;{

j differential vulnerabflity of STS and LTS to alcohol intoxication. Thus, for
j these experiments, the multiple stage aspect of the storage model provided
i little utility for understanding alcohol effects. The present data, therefore,
1' suggest that a single store model might adequately describe alcohc1 effects. on. r

!! . hussa memory.
. .- .

, p
.t. Uith iesard to L.he hypothesized control processes the data were, perhaps,<

j * .- more enlightening; and this relates to the overall utility of carrying out,

j the studies within the framework of a model. Although it was not possible to -

isolata a particular stage especially sensitive to intoxication, the storage!j andel suggests a number of likely processes to awm=fna.2 Experiments 3 and 4
*

1

'! ~|i
*===f aad several of.the hypothetical control processes, and organization or
structuring of memory was implicated as a primary target for. alcohol. Thus,'

~t j the use of a broad model of human memory isnt some coherence to the series' of*

j,j esperiments without unduly constricting the range of hypotheses.
: .)
4 .
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2 e cay note that such pr: cesses sr. =e mory sesaning. ite:2 encoding. and subjec:ive
*

** 0
organization are not uniaa to serial stats cedels. !evertheless, su:h processes

-

are casily incorporated in: :he stor g2 ::dal; and in : eny casa , the differer.ca
1 be:Veen one theorist's posi: ion and ther of ano:her is largely a natter of
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.! | ALCOROL AND SPEED-ACCURACT TRADEOFF
*

t
;) -

\
t, ,

.h^ This research had two major aims: (a) to replicate and extend studies j
*

i4 of choice reaction time (CET) by Jennings. Wood and Lawrence i .976) which '

demonstrated that graded doses of alcohol cause systematic changes ir, speed-,

il accuracy traseoff functions (SATF) and (b) to eva=f an the combined effects of
'

; alcohol and task difficulty on speed-accuracy tradeoff in CRT.
t

'

; Data from typical Ctr experiments where subjects are instructed for high
>

accuracy can be s'?fficult to interpret because such methods fail to separate the.

?i speed of perceptual processing free response bias. Moreover, Fache11a (1974).,

showed that because the typical function relating accuracy to speed is negativel
accelerated, very small changes in error rate at high levels of accuracy may be'

asaociated with large changes in CIT. This is the region of the SATF from which. .

!' ,sech of the data is " error-free" experiments are derived. The possibility of. .

tradeoffs between speed and accuracy and the associated difficulties of inter-
*

pretation led Lappin and Disch (1972a) and others to recommend that the SATF.

'

3 be employed as a dependent variable fa PRT experiments..

a t-
3: If some estimate of accuracy, say the amount of information transmitted,

. by the subject is 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 (H ) varies around zero (chance), (b) ag

second phase during which accuracy rises as a linear function of CRT, and.

(c) a final asymptotic phase. The upper bound of the'first region represents
the portion of CRI 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 (at He = 0) and slope parameters of SATTs are of ten eeployed as
sunniary statistics to represent the effects of various independent variables. *
On the assu=ption that a dacision process deter sines the point in c1== at which
perceptual processing is terminated and a respense is selected, the SATF is used
to obtain a decision-free estimate of the perceptual process, in the sa=e sense
that the ROC function in signal dacection experi=ents is employed as a decision-
. free measure of detection. Identical SATFs across experimental conditions imply
that any systematic differences either in CRT or accuracy were genersted by
changes in decision criteria. Tradeoff functions that differ across experi=ents'
conditions, either in intercept or slope, imply differences in processing,

i; efficiency (see Wood and Jennings,1976, for a recent review and analysis).
,

Several task-related experimental variables have now been etudied for their
effects on the SATT. For example, P.ar: and f.appin (1973), investigating tha*

combined effects of stimulus probability and 3-R compatibility in visus 1 C?.T.
found that S-R compatibility influenced the slope but not the intercept of.

the SATF. .whereas sti=ulus probability had no effect on the function se either
* 1evel of compatibility. Pachella asl Fisher (1969) exs=ined the effects of-

scisulus degradation and stimulus si=11arity an the SATF. Stimulus degradation
increased the intercept but did not alter the slope, whereas stimulus similsrity,

influenced the slope but not the intercept. Taken together, these rasults are
*

perhaps consistent with a two-stage theoretical codel in which the duratien of.

a sct=ulus preprocessing and enco ii .; phasa is indexed by the intercept, v=eress,

-t the slope indexes more central infs--*stian-processint operstions such as
,;
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) j " translation of perception into action" (Harm and Lappin,1973, p. 418). However,*

such serial-stage notions are speculative because it is not clear whether the /
,

i
,

'

slope and intercept parameters represent independent aspects of performance. ThusI'

!.appin and Disch (1972b) reported that stimulus intensity, a variable that might,,
i be expected to influence early perceptual processes, affected both the slope aad'

intercept of the SATF.

Although it is generally true that alcohol (BAC above 80 mg of alcohol per
100 ml of blood, ag%) causes slowing of average CRT (e.g., Tharp, Rundell, Lester.

*

and Williams,1974), there are exceptions in the literature, particularly with
)j two-choice tasks and under conditions of high S-R compatibility (e.g., Carpenter.

1962; Hueclay,1972; hskowitz,1973; Tharp et al.,1974). As Wood and Jennings-

*

suggested. an analysis of tradeoff between speed and accuracy might help clarifyi
*

these discrepant findings. Employing a binaural, two-choice pitch-discrimination
task, Jennings et al. (1976) found that alcohol 1 s the dose range from 0 to 1.33
al/kg body weight produced a systematic reduction in the slope parauecer of,

the SATF. This dose-related monotonic decrease in the rate of growth of
information over time, occurring in the absence of any significant effect of-

; alcohol on average RT, showed convincingly that the SATF can be a very sensitive*

{ index of alcohol impairment, even at EACs lower than, sya, 80 mg:. Certain of
chair findint,s supported the conc 12sion the alcohol also altered their subjects'..

} decision crf teria, producing a bias for speed over accuracy.

The f rasent experiment, a constructive replication of the Jennings et al.
8 (1976) s'.udy, employed the SATF to investigate the effects of graded doses of
', alcohol on two tasks, referred to as the side-discrimination and pitch-

discrisination tasks. Each required the subject to respend on one of two keys
to one os t. so monaurally presented tones, the same two tones being used for each
task. In th.: side-discrimination task, subjects were instructed to disregard,

the pitch of the signal and respond to side stimulated (i.e., left ear, left
hand). In the pitch-discrimination task, subjects were to disregard stde
(ear stimulated) and respond to pitch according *co a lef t-right rule. Ianger
average CRTs on the pitch-discrimination task should derive f rors at least two
sources: (a) As a cue for left-right respeading, side (ear) stimulated is more
salient and more repidly processed than tonal fraquency. Thus, Simoni Small,-

q Zigler, and Crsf t (1970) concluded that for subjects responding on a lef t-right-

*

rule, ear-sti=ulated was processed about 76 cisec faster than pitch. Similarly,,

d Lappin and Har:s (1973), employing a left-right auditory coding task, found that
information about spacial position was peccessed about 60 msac faster than
informatica absut two other stimulus variables, intensity and duracic,n; (b) co ar.
to the side-discrimination task CRT in the pitch-discrimination task is increased
furth.er (by about 60 msec) on trials that involve a mismatch between the instructei*

.

pitch cue and side stimulated (Simon and Small,1969; Sicon, et al. ,1970; Simon,,

Hinrichs and Craf t,1970; Callan, Klisz and Parsons,197!.; Bertera. Callan, Pishkin*
: and Parsons, 1975). This latter interference effect fits under the general
-

definition of S-R isco=patibility proposed by Fites and Seyar (1953) and was
| labeled lateral S-R incompatiblity by Simon, et al. (1970) and by Callan et al.,
!j - - (1974). With a 60 =sec advantage based on cue salience ind an overall 30 msee

advantage based on lateral S-R ccupatibility (averaging high and low compatibility
conditions), one wecid expect CRTs in the side discrimination t:sk to average, ,

about 90 msee faster than CRTs for pitch discriminaticn. Experiments cited*

above on th1 cue pr ceties of side sti=cleted and pitch a=4 on S-R cc patibility
? effects euggested that this ef fect of task =ight be distributed both to the

intercept and the slope of the SATF. For ext: ste, Harm vi Lappin's (1973) dets
sug:;est that t .e ef f s-t of lateral 5 '4 cc-- tibility ch:uld cppear in the sla a
pararete r. Since t. a results of Jennicgs et al. (1976) indicate the.t alech:1

B

I

'

.

. . *e * >*8E*-'E8' '' *

b

..

e

,

.. . . . . - . . ~ . . . . . . . ~ ~~- * ~ - -
?

.. . .. - --

!
_ _ _ _ _ _ _ _



=.: - . . < ; e. ,.:M - : ::r. . : .; : . . - - - v - - ; - -i-- . 7 .. ,. w w ..._ i.
.

j . . . _ . . . . . . _ . . . . . . . . . _ . . . . .. . . - . , . .. . _ . .

;( .
,

,

, y
*

<

'

,, ;- lafluences the slope but not the intercept of the SATF, and because the
effects of alcohol and some forms of S-R compatibility interact on average. '

.
*

CRT (Huntley,1972; Hunclay,1974; Tharp at al.,1974) we might anticipate a
task-by-alcohol interaction effect with the slope parameter of the SATF as

a dependent variable.

:3 -
'

*

} . Method

subjects. Twelve healthy right-handed adult sales (aged 22 to 26) from
the medical and graduate school programs of the University af Oklahoma Health
Sciences Center served as paid ($3.00/hr.) volunteers. All had normal hearing.,

a and normal color vision. All were light to moderate social drinkers, with
no medical conditions that contraindicated alcohol consumption. None were taking.

, prescribed medication and none reported abuse of other drugs. Each subject
.I served as his own control and each received all alcohol dose and task conditions

4 in a cotssterbalanced design. . Sebjects were instructed not to consume, alcohol or
; - other drugs during the week of the study and to fast for at least four hours
j prior to each experimental session.

j Desian. The~ experiment consisted of six sessions run on successive days,-

,

4 except for a 48-hr. interval following the highest alcohol dose. After two practis
sessions, the subject performed both CRT tasks under a ,*ifferent alcohol dose
on each of four days. The alcohol doses were counterbalanced in a 4 x 4 latin

1 square design with 3 subjects per order. Further details of alcohol dosage
j and schedules are $ resented later. The testing began about 10:30 a.m. and

,] concluded about noon.. , ,

CRT Tasks. Stimulus variables vers identical for the two tasks,' consistingj on each trial of one of two tones (1,000 or 1,100 Hz) presented stereophonically
i through TDH, Model 49-102 hesdphones to the lef t or right ear at a sound pressus.
' level of 90 db (re 0.0002 u bar). For each task, a deadline procedure (described

later) required the subject to make his choice responses prior to one of three.
~ designated deadlines. A loudspesker situated in fecnt of the subject broadesst
- continuous white noise at 70 db to mask a=hient sounds.
1

,' The subject was seated comfortably at *a table in a disly lit roon facing
j 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

j two telegraph keys,vas located on the table top. During costin:; the subject kept
the index fingers of both hands resting lightly on tha keys. Pressure to close.

t tha telegraph keys was 228 g and distance to closure was 0.5 c::s.
.. t

j Illumination of the green light signalled the beginning of a trial. The
i
' j ti e between light onset and tone was 750 :sec. The :rne was carminated by

'. the subject's key press. Feedback occurred after the subject's response as*

follows: If the response was b th correct and within the deadline specified'

. fo: that block of crisis, ne ne of the lights were illuninstei. If the response*

! was correct but RT was longer thsn *.he prescribed deadlins, cae blue light was*

} illu=inated. If the response was incorre:t but f aster than usadlir.e, the a=ber
' light cane on, and if the response was both sicw and incorrect, bo:h the smoer

- *

and blue lights were illuminated. The in:er: rid interici, frca response to
~

onset of the green warning 11;ht, was 4 cat.4

"'te designated deadlir.o was cone.tsnt wi:hin 100-tris' blocks. 3efore cach
* b1:ck tha technician announced which of :nree deadlines .as : pere:ing tad s:stad.,

| 4 the average accuracy einected for tha: ca tCn a. The >;:fsc: vas :o strive far
'

i
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,! ip 100% accuracy at the longest. at least 90% accuracy at tha middle and at least ,, .

i 70% accuracy at the shorter.c deadline. To tasure compliance, subjects received*
.

-!, L j bonus pay for goed perfor:sance, and were penalized for poor performance. Thus, ;

- j} with bonus pay set at 1/3c per point, they were averded 2 points for each correct'
i

i; response occurring prior to the prescribed deadline and penalizeJ 1 point for |, ,

each respaese that was incorrect or beyond the deadline interval. '

, ,
i .

.

As anticfpated, pilot data on 5 rubjects showed that !tTs were generally faster ,*

i for the side-discrirJostion than for the pitch-discrimination task. Therefore,
different dead 11aes were designed for each task in such a vey that accuracy.i

; defined as If . was equated across taska for the shortest, adddle and longestg
.: deadlines. In the side-diserMn= tion tan the three deadlines were 175, 200 '

'*
and 300 meec, ar.d for the pitch-discrialascion tas'c, the deadlines were 300. 375 '

and 425 msec. yor each deadline and eact. session thera se 12 practice crials.

followed by 10C experimental trials. yor each cash @ ..!1ines were always
. presented in descending order, from longest to shorte.t Green & !.ute 1973;.4

Shoutea & 8eiker,1967; Jennings et al.,1976; and Wood :. Jeanirgi,1976; for ;
''

*
,

discussions of the merits of deadline and other procedures for generating SATys).
< .

;Side Discrimination Task. The subject was 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 tones delivered to the left '

ear. He was told to disregard the pitch of the tone.. .

I

j Pitch Discrimination Task. Instructions were to press the left or right
key according to a pitch-by-hand rule (e.g. , high pitch-lef t key, low pitch-right
key). The task was counterbalanced, with half the subjects working under the high
pitch-left hand rule. and half under the high pitch-right hand rule. Correct
perfor: nance required the subject to disregard side of presentation. Half the
subjects performed the side discrimination task first in each session and half
performed pitch discri=ination first.

Alcohol. The alcohol dose consisted of a placsbo 25 50 and 1.0 g of 95".
ethyl alcohol /kg body wei:;ht. The scheduled dose for a given day was combined in a
1:4 ratio with a co==rcial orange drink. The placebo consisted of 5 al of

'

ethanol floated on top of spproxi=ately 340 si of the orange drink. This
; amount of ethanol is sufficisat to produce the smell and caste of an alcoholic

beverage. The lov, medium and high doses of alcohol were erpectec; to produce
peak blood alcohol concentrations (3ACs) of about 25, 50, and 100 =6. respectively..
In order to sustais peak BACs and thereby circumvent problems asco:iated with,

' differential deficit on the ascending and descending linha c,f the 2AC function a

'

(Jones.1972), a saintenance dose of .062 g ethanol /kg body weight was administered
'j approxi=ately every 20 min (see Lentz*& Runde11,1976, for rationalt and method).

Af ter consumption of the beverage. BACs were =easured at 15, 35. 55 and 80 nin*

,' with a Stephenson Breschalyzer. Model 900. Testing began at 15 min af ter consump-
tion and 1.tsted for a tot.nl of about 65 min. A rest period of 5 '-ta was inserted

,' between each block of 200 trials, and each task required 27 min. A second
.? technician mixed the drinks and a double-blind procedure assured that noither

"

! the subject' nor the experimental as istant knew vaich dose was being administered.

.~ *

Calcu!atica af Deed- Ae uric'.* Tradeof f Fu-htto s. The eethods of Jennin?.s*

et al. (1W6) wete used for these ca;culati: .a. Thus, for o.sch sudect in each
dcadline condition in each task. eean AT vas et puted for all LOG t+

:$ condition, regardless of accuracy or cepitree with the prescribe.,ri,als in thateadline.
I These nes: RTs vers paired with correspo:: din! ;!. values f 3 each c:. .. ion sad
j I!ne.ir .gressions of accuracy 03 RT we re e ---MW over n.: thrac N adline

condities in each alconol condition. The a;;repriate liner r%*ession equation j,

t

33;
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} * is H = m(RT-c) in which e_ represents the slope and e the intercept of the
g j ,

P function at chance accuracy, i.e. , where H = 0 (see Wood & Jennings, 1976, for
f p analytic review of H and other propose measures of accuracy. For our subjects

,

g
the proportion of. variance in the speed-accuracy tradeof f data accounted for by'

2
'. I

the linear equations (r ) ranged fros 82 to 99%. -

.c.
'l

..
Results

:: Preliminary Analyses. Table 1 displays the means and standard deviations
;} of gAC in og1 for each of the three alcohol doses at each of fo* r time periods*

; following consumption of the beverage. All BACa associated with the placebo.

dose were well below 10 ag%. As can be seen, the expected average BAca for these
:i

doses were achieved and maintained with reason.ble accuracy throughtout testing.'

|

- Alcohol. CRT and Accursey. We begin with a conventional analysis of CRT and
;* accuracy data for the two tasks. The ef fects of deadline condition, task, task

.

order, alcohol dose and accuracy (correct /ince treet) were analyzed in a five-way*
'

analysis of variance (ANOVA) with CRT as depeaient variable. A similar analysis-

ves perforwd on proportion correct (F(C)) where all correct responses were,* .

included regardless of conformity to the specified deadlice. 28.eans and standard'

,;; deviations of CRT and the corresponding p(C) values for ie two tasks and three
hj deadlines are shown in Table 2.

.

I Omica reaction time was significantly* influenced by deadline condition
(F '20 = 81.5), but not by alcohol dose (7 < 1) or by order of task (F * 0.1).'

2As expected, overall CRT was significantly (88 msec) longer for pitch discrimina-
.

tion than for side discrimination (T .10 = 197.0). Correct responses wereg
significantly (35 mae:) slo'ser than incorrect responses (F ,10 = 27.5). Thero'

t

were no significant two-way or higher order interaction ef fects. Proportion'

i- correct responses were significantly influenced by deadline condition (F. 20 =*

4 154.2), but not by task (F e 0.1) or task order (F ,10 = 1.5). Alcohol ~
t

sir,nificantly decreased the proportion of correct responses (F .30 = 10.7) f rom'

3a

.

.83 in the placebo condition to .84 for the highest dose.
A

These preliminar} analyses show that the deadline procedures influenced
' , " , both CRT and accuracy as expected, and that RTs were about 90 r.aue faster in

,

the side than in the pitch task. Similar dif ferecces between these tasks have
;4, been found by others (e.g., Bertera et al. 1975). l'.aan accuracy scores wore

nearly, identical for the two tasks.
.

'

Tharp et al. (1974), employing a 2-choice task had found only a sr.nl1 ef fect*

:., .] of alcohol on average CIT. Sinilarly, in enis ex;eriment alcohst produced only a
,; j non-significant trend toward slowed p. rfor .ance. ft.rther, as in the Tharp et al.

fgj (1974) experiment, alcohol did produce sipificant icpairment of overall accuracy.*

**hacher this ef fect represents a tradeof f bias for speed over accuracy or 1 paired.h; a

% quality of performance or bo'th should A clarified by analysis of SATFs.
: U.j

*

1,j As background for that analysis, eaan M and P(C) for each alcohol dose.
. Sj ~ averagert across all deadline conditions aro prorented in Figure 1. Lee : hat

.-( for pitch discrinination the CRT diffurence for placebo . sed hishnt alcehM dose,

's
3. : 1
b.1, "Unicss ocharvine e ocified, "significant" : . ana .3 lowl or +:ter.I

';..
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4 t Table 1

' i1 ;
1

-
. .

' .
, . -<>

.

3 .. Average BAC (agI) for each alcohol dose * ;'

.

'. #I e

,i . Time Following Consumption
,,

j - } Alcohol Dose 15 (mins) 35 55 -80 ,

i
- . High (1.0 g/kg) I 107 104 100 97 .r ;.

:: .? 1
.

, 1
e SD 14.0 4 17.0 10.0 11.0

.t.
. ; .

1. : 1 .!.

. 4 .

- 1
.

s

j._ :.; Med (.5 g/kg) I 53 51 50 51*

. $
.

1 *

-{ { ,' SD 20.0 14.0 11.0 10.0.
4 .1 .

,
'

'I }i
?
, .

..

I 25 19 23 21

.

*

T

Law (.25 g/kg)
1

SD 9.0 9.0 6.0 7.0,
.1

i
*

6
..
-

t

*Mai.s:enance dose approxisacely every 10 minuces = .06 g/kg.. Firs: : sintensnee .,

t i
,

dcse was skipped far high dose et,ndition.; ,
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Table 2'

. :)
's
-.a.

i-

b ;;s Effects of Deadlines on CRT and Accuracy for Side

I
.

$'i
Discrimination and Fitch Discrimination Tasks

4

.t ./] -
1. : ; <

.
.

s.;4..
i

@j Choice Reaction Time
. .
. ..
4# -

!',.[). Deadline *
T'
. . r.- g. .

1-

,' 'd Task Short Medi q h' t .
3
d Side Discrimination I 146 181 237q..1

;; 1
'

.']<. SD

" . ' t Pitch Discrimination i 240 276 .310
P

i SD
< ?:'t

<.

.1
. 8 -

...
_

I is

\*

' q
. .

Accuracy
,

|i -*
,

e.

] E- 'Utadlinc*
$4

, ..
t

'. Task Short Medium fenc
4 - .,

h .
1 i Side Discrimination Y .75 .88 .97

i ;
* )

t.s; 2 sD

R'*

:* .. ! h Pitch Discriminscion I .77 .83 .95
l:

!: l'f' 1 - $ SD

'

L
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Figure 1. Ef fects of alcohol and task on speed and accuracy for side and ' pitch tasks. |
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1 1 averaged about 4. msec and for the side discrimination task, about 12 msec. Noted } also, that even though significant, the drop in accuracy across alcohol doses.

--- { !, averaged only about 4 percentage points.*'s g.

iif I i - Alcahol and Speed Accuraev Tradeoff. Each subject's SATF was calculated3.'3 (as described above) for each task and each alcohol dose. In general, the lines
*

'

,

^f j fit of the SATFs to the data was satisfactory. The average r2 over all subjects
*

j'j tasks and doses was .90 and did not differ significantly between doses or tasks., .. ,

], ' ! Other Ef facts of Alcohol. It- is important to know whether alcohol impairec
f the subjects' ability to comply with the deadline procedure. To examine this,e{.q

1

'* i computed the Pearson rs between mean Ers for each deadline condition and the,

specified nominal deadlines. In the side-discrimination task, the coefficients.
,,

were. 97, .98, .93 and .93 for the pistebo to 1.0 g/kg doses; and in the pitch-, ,

discrimination task the corresponding coefficients were .94, .98, .97, .92.,

j, All coefficients except the last one ara _significant beyond cl.e .05 level
,- (Z test), the latter being at .056. aasil on the magnitude of these correlation.*

- we conclude that alcohol had no syste m t n effect on compliance with the nominal.

( deadlines.
,

,. .
'

. The effects of task and alcohol dose on slope and intercept parameters
'. ~

of the 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 independent for the slope and intercept measures.
i Alcohol significantly decreased' che slope of the SATFs (F .33 = 7.0), but did>

ti not affect the intercept values at Hg = 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 mediun
. 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 parsmeter (7 ,11 = 1.9), but task had a strong (90 nsee)7and significant affact on the intercept (F ,11 = 191. 2) . In addition, the task,

t? x alcohol intersccions were nousignificant for both slope (F ,33 = 1.1) and
3'

intercept (F < .05). Earlier studies had suggested that because the side and.

1
pitch discrimination tasks differ in an interference effect classified as a form
of S-P. compatibility, we should cxpect a task effect also on the slope parameter..

"

of the SATF. This did not occur. Figure 2 illustrates the parallel SATFs,

I
- for the two tasks and the effect of the hiSh dose of alcohol on the slope;

parameter.
. -

.

; w In sununary, these results show that for the pitch discrimins' tion and side
4 discrimination tasks, alcohol produced a dose-related decrease in the rate of,

growth of infornation over time, whereas the task variable influenced the ci=e
e necessary for accuracy to exceed chsnee levels. The ef fects of alcohol and,

j task were clearly independent.-

,

'

, As pointed out earlier, there is no certainty that the incar:ept sud slopa
of the SATF index independent psychological processes. Altbough the data in,

3
* ,

Table 3 do not suggesc chst chssges in one serameter vere compenssted by changes
in the other, it is useful, nevertheless, to conbine the slopu and intercept inte,

i a single measure representing the overall level of perfarr.snea in each alcohol
*

j condition and tssh. As su?,2ested by ' bod cnJ Jennints (1975) .nd Jennby et al.,

(1976) one way to da this is to derive " qual-RT cente':rs" by inurcin; fined.
,

f values of RT into tha linear tradeoff ceustion :md solving for the coricepensing,.

i values of accurney.< i -

I : 3'

j
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h ( Table 3
~*

'

] I '

g Mean Slopes and Intercepts for Best-Fitting
't :

J : g-. Linear Equations for Each Task in*

'k. Each Alcohol Condition..

1 .
.

j % i
i

. Alcohol Dose (g/kg),

'

!j . . 0 .25 .50 1.0

.

1 e .
!j T Task

1-
i t

'

i . '

Side Discriminatione

; ,

, .

''
' ,f.

,'
Slope (bits /maec) I .00869 .00862 .00757 .00599

1

: '

SD .00129 .00298 .00312 .001:.d

Intercept (msec) .I 118.7 120.1 121.8 112.2
.

SD 27.9 24.9 36.8 33.7

Pitch Discrimination .

Slope (bits / msec) I .00820 .00679 .00676 .00567
.

. SD .00324 .00196 .00301 .00323'

.

Intercept (asec) I 213.4 207.6 205.0 201.5

I
'

SD 38.1 41.1 50.7 51.0
-

.

e

1

4
.

2 .
.

; .
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j.3 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 asec for pitch:j. .

discrimination and 230,190 and 150 msee for side discrimination). As could be
<l deduced from Figure 3 at the relatively fast RT levels of.150 usec for the side- -

t discrimination task and 250 meec for the pitch-discrimination task pecuracy was
*

. relatively low and was not influenced by alcohol. In contrast at the relatively
!! ! slow RTs of 230 and 330 msec, alcohol cau.ed 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 inr:r-'.j'
4

action effect was sisaificant (F ,66 = 4.9 for side and F 66 = 2.5 for pitch),i 6 6
4-!, and for each task there were significant differences in accuracy as a function
| t of choice RT (F ,22 = 143.8 and 88.3). There was c significant main effect of2
] dose for the side-discrimination task (F ,33 = 9.1) but not for the pitch-.

3*

discrimination task (F ,33 = 2.2). The CRT by dose interaction effects were4

3
. assessed further by analyses of the simple main effects of dose at each level

- t . . of RT. As suggested by the data in Figure 3 for the pitch-discrf=fnation task,
? the dose effect was significant at CRT = 330 msec (F 33 = 3.9) but not at eithetj 3

.

CRT = 290 meec (F 33 = 2.6) or RI = 250 maec (F < 0.2). For the sida-discrimina! 3
.

I . tion task the dose effect was significant at CRI = 230 msee (F ,33 = 15.4) and
3_

j } at 190 maec (F ,33 = 6.7) but not at 150 msec (F 33 = 1.9). nese results are3 3
1 . in close agreetint with those reported by Jennings et al. (1976) for.their
jj binaural task.
?j .

,

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 erroneous conclusion that alechol produced no discernable
impairment either in side-discri=1 nation or pitch-discrimination. As illustrated
in Figure I , however, overall acenracy on both tasks did show a reall butb
significant decline with alcohol dose. Considering the trends in mean CRT and
mean accuracy together, the data 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 Jennings et al. (1976), alcohol impairment of
processing efficiency was clearly demonstrated by a syste=stic, dese-related

}. decline in the slope of the SATF; a decrease in the rate of growth of accuracy
over time. On the och' r hand, alcohol had no significant effect on the intercept' e, ,

of the SATF, and thus, no effect on the portion of CZT cecessary for accuracy,

to exceed chance levels. A secor.d =ethod of cc: paring SATFs combined the inter- a.

cape and slope paramaters into " equal-XT contours" (Wood & Jennings,1976). Thee

equal concour data confirmed the conclusion of Jennings et al. (1976) that the
'

effect of alcohol on processing officiency is dependent upon the level of
accuracy and CRT at which performance is measured. Alcohol had no effect on

,,
*r: fast but relatively inaccurate respenses, but as was implicit in the average slep

''

and intercept data, produced substantial deficic in relatively slow but accurate*

. perfo rmance. For example, at H = 0.9, CRT in the hi;h dose condition wase40.1 msee sicwer than placebo in che side-discri inatien and 40.7 csee slover in, .,. ,

the pitch discrisiaation task.

It is clear fres chese results that thu credeoff function for speed vs.-
.

securacy provid 4 a =cre sensitive and inforrative index of the impairment oi*

(, CRT by alcohol t an eicher average speed or .tecuracy t 4cn alone. Saver 21
.< ,

l'
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investigators, including ourselves, have found only sas11 alcohol effects on .

_.b j mean Kr 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 the study by
e; Jennings et al. (1976) the present results, employing SATF, demonstrated an -

4 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 night be'I distributed both to the intercept and slope of the SATF and that with the slope,

,'. parameter.as dependent variable, a two way interaction might emerge between the
i . effects of alcohol and task. This did not occur. Instead, the effects of.

.;o alcohol and task were independent. Alcohol affected the slope but not the
j intercept wheresa the task variables influenced the intercept but not the slope.'

In the Harm and Lappin (1973) study, asueloying visual choice tasks, a conventions
:i , manipulation of S-It compatibility influenced the slope of the SATy. The isolatic

.j! of our task effect on the intercept suggests that the substantial difference in
3 average CRT Letween the two cas'es was not due to S'-E compatibility effects..

Instead, th u aifference most probably reflects .C., ased requirements for.:,

1.] stimulus processing in the pitch discrimination 't.6
'

*

.

I Tharp et al. (1974) and Hunclay (1972, l' D 1 mead the hypothesis that-

; ? alcohol impairs output cognitive processes assa . c.i with response selection
, '1 rather than input processes involved in stimulus processing. The present data"

'

] - do not permit definite conclusions concerning the functional locus of alcohol
't effu ts. As * 1 the results of Jennings et al. (1976) one can eliminate from

consideration any substantial effect of moderata doses of alcohol on simple,

motor speed. Any such effect should have caused a dose-related increase in
average CRT. Moreover, since task dif ferences vero localized on the intercept
of the SATF, the extra processing requitecents hypothesized for pitch
discrimination were not influsaced by alcohol. From the perspective of several

'

' serial stage CRT models (e.g. , Starnberg,1969; Snith,1968) the remaining
cognitive step would be selection of the correct motor progrs=. Thus, the data
are not inconsistent with the notion thet the slope parsmeter of the SATF contain
infor=ation about response-selection pr .casses and that the effects of alcohol
are targeted on this stage. However, systematic evaluation of this hypothesis
awaits further study.
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.) ALCOHOL, PRACTICE AND INFORMATION PROCESSING '

k
"

+

Several recent theories of choice reaction time (RT) are logically related,

to the additive model proposed by Donders in 1868 (see Koster,1969, and Smith,
1968). Donders postulated that the time required for a choice reaction is the,

,
'

sum of three temporal components: (a) simple RT, (b) the time required for
stimulus 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 (Sternberg,1967; Posner and Mitchell,1967; Smith,
1968). In 1966 and 1969, SternberE Proposed a simple method of testing for,

additive choice RT components, the' central asscocion of which is that simulta-,

neous manipulation of variables affecting the seu stage of processing should
produce hyperadditive effects on RT. Ccaversely, sinaltaneous manipulation of-

.

variables affecting different processing stages should produce additive effects.
One limitation of Sternberg's method, however, is that it does not lead directly
to estimates of the duration of each hypothesized'scage. Procedures derived
from Teichner.and Krebs' review (1974) do permit s.ach estimates.

.

Teichner and Krebs' quantitative analysis of the literature on visual choice
i RT was focussed principally on two traditional choice tasks: the so-called Light

Key and Digit Key tasks. They gave considerable attention to one important
question: Why, for all levels of practice, is perfornance on the Light-Key task
consistently faster than performance un the Digit-Key task? They concluded that
this difference is due to the fact that ths latter task requires the subject to
perfor:s a translation operation for correct responding whereas the former task.

does not. ne stimuli for the Light-Key task usually consist of a spacial
arrangement of two or more lights for which there is a correspending spatial
arrangement of two or more keys. In a sense, each response key represents a
simple extension of each stimulus. On the other hand, the " numerical (or letter)
sci =uli for the Digit-Key task are usually presented one-by-one on a central
display, but as in the Light-Key task the responsa keyr sta arranged by a
spatial code. A critical difference between the two tasks is that in the
Digit-Key task, the subject must follow a stimulus-to-response translation rule,
translating from a numeric to a position code. Thus, in the Digit-Key task, as

<! usually programmed, the subject has at least five operatio,ns to perform., He
muse (1) see the digit, (2) name it. (3) translate the nucaric nace to 'ics*

,

corresponding responsa key position (4) select the correct motor pro;; ram, and
|; (5) execute the rnsponse. In the Light-Key task, step 3 is not required because
t the only possible names that can be given to the lights as stimuli are those for,

the response position rule. nus, scia.ulus-response compatibility is greater.

i; , for the Light-Kay task.
l:

*i- E: ploying the additive =odel and assuming 'that time for response selection
, (c) is identical for the two tasks, one can compute an estimate of trsnslation'

|- time (Ig_g) by subtracting average reaction-tice for the Light-Key task (choice R'
.(; ; fit: that for the Digit-Key task (choice RTgy,). Similarly, an the assunption tha

, t for si ple RT, there is no requiro cat for resp:nse relection the duration of-

j. ; h.t eoretical co ponent '*c" can be eschted 'cy subtractin;; steple RT fec=
choice ATg.,

t
9

'
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!, Thus.
. : .. .

j ] choice RT = a + T,g.g + c ,

II '

*.noice RTtg = a_ + c_,

'

,

and, simple RT = a_

; ; where c = response selection time and IS-R = translation cine.

r The assumption that component c is identical for the Digit-Key and Light-**

- Key tasks seems reasonable, particularly if the Light-Key task is modified by,

arranging digital stimuli according to a spatial code. Thus, with four
'

stim:1us-response alternatives, digits are presented one-at-a-time in four,
,,j different windows, each associated with a different key. The relationship'

, - - between spatial codes for stimuli and responses is one-to-one. Correct respondi
on this modified Light-Key task does not demand numerical coding. However, ,*

1 Teichner-Krebs (1974) showed that even with simple RT, the subject may encode
information about both the probability and content of the stimulus. This impliesa

that for estimates of stage duration, the simple RT task should also be modified
to match the two choice RT tasks for stimulus content and number of alternatives..,

s1 These task modifications were made and will be described in the athod section.
.t

We (Tharp it al.,1974) and' Huntley (1974) had found that the effects of
alcohol were hyperadditive with those of sci.sulus-response compatibility and had
concluded that alcohol influenced output cogr.itive processes associated wich

' response selection. However, the analysis by Teichner and Krebs suggests that'

stimulus-rersense compatibility treatments exert load on the ersnslation stage
rather than (or in additica to) response selection processes. The data so far-
reported by us,are consistent with the notion that alcohol slows either trans-
lation operations or response selectiori operations or both. One aim of the
present experiment was to employ thre.e tasks, choice RTp , choice R'"gg and
sirple RT to investigate the degree to which these hypoth'acical cognitive process,

f are vulnerable to moderate levels of alcohol intoxication. ,

'

Prsetice Effects.

' A second aim of this study was to examine the degree to which er* ended -
, ,

~

practice modifies the effects of alcohol on overall RT performance and on the
estimates of stage durations derived from the three RI tasks. There are several
reasons to suppose that alcohol effects may change with practice. First, it is

| well-known that visual RT is a decreasing function of practice, but that the
| rates of decrease differ for the three essks choice RT.,y'. choice RTtg and

sic:p12 RT. Second, it is well-established that practice reduces the effect of
S-R co:patibility on choice RT. Thus, the function relating choice IT . to'

g.

' - number of practice trials is steeper than t..a function for choice RT g (Teichnert
ar' . eebs 1974). A priori, one assumes that the effects of sicchol on choice RT

'

tr.sks will also decline as a function of practice on usk, but t.e found ns rescar
,

cddressed specifics 11y to this question.
,

.

.

The experiment reported here, ezployin:; the three tasks, Dir.it ~cy, L,tght4e
and sLple RT, at two 1cvels of practice, addressed the followin:; questions:

(, 1. ';hich stgas in the serial stage od21 are vulnerabia to .odcrate.
.

sicchol intoxication, and do the ef fects si olechol acc12ne with practice?-

A priori, one n12ht .-ssu :a that the more " auto :seit" t es:k tecc:as, the lu u

j the effect of iatoxicacian.

5?
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j 2. Do alcohol 12e/. sui,jects adapt to intoxiestion such that with repeated
j Soses of alcohul, t!se drug etfact is reduced or overcome?'

.

1 '

3.' Does alcohol alter the effects of practice such that practice while in s

| an intoxicated state fails to carry over. to subsequent sober performance?'

,

i
'

Method
..

1 Subjects. The subjects for this study were ten paid volunteers frr.s the
graduate and undergraeuate medical programs of the University of Oklahoma> >

Health Sciences Center. ganging in age from 21-35, they were all in good hesich,-

' all had normal vision, all were modtrate socisi 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-!ours prior to each*

a j. test session and to fast for at laast four hours prior to testing. The subjects
were divided into two groups of six and four for short and long practice,
respectively. Testing began about 11:00 a.m. and was concluded about 12:30 p.m.,

*
,

,

! Desittn. Group 1 (short practice) performed 100 practice crials on each
q task prior to receiving alcohol in two sessions, each followed by a rest day.j

1 They performed 250 trials per task during each alcohol session and for two days
3- subsequent to the final rest day. Orcup 2 (long practice) performed 250 crisis
j per task per session for eight sessions (2,000 trials) prior to recuiving

alcohol. Testing was oo consecutive days except for days L and 2, each of which
was followed' by a rest day to maintain a schedule equivslent to that of Group 1.
Each of two alcohol sessions was followed by a rest day, and testing was
continued for two days subsequent to the finsi rest day.

On alcohol sessions, all subjects were given 1.0 g/kg of 957. ethanoi nixed
wi:h a ccmmercisi, non-carbonated orsn;e drink in a 1:4 ratio. They censu=ed
their drinks in a period of 30 minutes. While drinking, each subject was offered
antacid esblets (Maalar. #2) to reauce stomach acidity. 31ood alcohol ec cen:rs-
tion (3AC) was measured at 15. min. In:ervals throughout each alcohol ses sion
with a Stephenson Model 900 Breathslyzer.

.

Aposratus. Subjects were seated at a table approxinstely 80 cm in front
of a vertical dispisy panel centaining five IEE rear-pisne projectors. Tour
projectors were arrayed in a 1808 semicircle with radius of 20.5 cm. Tha fifth,

L central, projector was located at the center of the semicircle.

Eefore each trial a green square tppearsd in :he centesi dispisy pa:el for*

300 =sec. i digit, drx.ns fre= the ensamble 1-4 then appeared fe r 10 nse :. in
ene. of the five dispisys 0.3.1.0, or 1.3 sec. af ter ter instion cf the ;reen
warning signal. White digita 1.5 cm high were presented on a bisc'r. back;roaad.,

A response panel was located on the c=ble in f ront of the subject and vu
.. configu- i exactly like the display 7:nel. Thus, the responce panel c:ntainud

five telegraph keys arrayed in a seni..ircle with <ine key se the center. Jistance
' between keys was 4 cm.

.

; he subject was required to keep :he concesi key u;:re:.;wl wi:h tha iMcx*

t fin;st of his right hand *m:ii :r.e s:1.uius was p rehnte. Tsi k re to O m
shor:rd ths crial. Ets;c.ses to the s t iml 1 we re ma de b y no vi n-; t *.e r' :*

km. L t.: Pin ie:: finger frem the ce9:::1 key to . .c of tre (om e :M . = .,

ti=c (fren stt:iulus casce ;o response) and se.ar tcy w-re Na ars: and m e: .:
c . pa;.er by a 335 Iccic s n=en and an associs:cd ';y4:r :n- mnaer enn:er -rin:ce
s~ s :-x:. The inter-Prisi ir.:erval f r: responu.: :o tsening si.nti wa s ! . : :. -
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,;j- Tasks.
Jd *

U ' 1. (hoice RT Using four alternatives drawrr from the enserblebj DK.
- 1 through 4, digits were presented one-by-one on the ctatral display. The

,

i ! subject's task was to respond as quickly and accurately as possible according
'

,

i to a simple numerical-to-spacial ccie. he digit "1" signated a response on
' 4 the lef t-most key; a "2" required a response on the key located second from the

. t lef t, etc. The same numerical to spatial code was used for all subjects and all''
crials. . a..,

b ; *

I I. 2. Choice RT.K. For this task, stimuli were presented only in the four1
peripheral displays forming the semicircle. When a digit was presented in one of

4
these dispL1ys, the subject was required to respond by pressing the key

| corresponding in spatial location to the.dispisy illuminated. . Thus, the responses
,

'*

q were made according to a highly compatible one-to-one spacial code: the left-most
display corresponding to the left-most respense key, etc. The digit presented. .

in a given display was always the same from crial to trial and thus was totally
' *

confounded with the spatisi code, and irrelevant to correct performance. In
I other words, the lef t-most display always contained a "1", the next display a

j j "2", etc. The subject was instructed to ignore the value of the digit displayed
and to respond ::erely to the location illu:sinated.'

a .

3. Simple RT. This task (with simple RT defined as resetion time plus
mvement time) was performed with each of the four peripheral stimuli and withi

the respcase made on each of the four corresponding keys. Thus, during each
session there were four blocks of simple IT -trials, each block containIng 62
trials. During the firsc block of trials tLa stimulus was the digit "1"
presented in the lef t-most display, and the subject responded by pressing rhe
Icf t-mst key. The next display, contauir.z t!'n digit "2" and the next response
key were used in the seco d block of trials, etc. Consequently, esti: aces of
si ple RT contain RTs to s:.:=eric stimuli at each of the four peripheral locations
and with respenses on each of the four keys.

Resulta and Discussion

Mean blood alcohol concentration (BAQ for the short practice group vas
93 cg: and 90 =g! for days i and 2 res;,ectively. For the lon:: practice group
=ean SAC on the two alcohcl sessions was 102 mg% and 94 egf. (risys 9 and 10,
respectively).

*

Ef fects of Aledolan ,Cpoent Processes of M,
.

Sho rt pesecice. Table 1 shows r eans sad standard devi. tions for the short
,

practice group on each task in the sicohol :essions and the -v baseline s:stions,

- precading and succeeding th:se trials. R e. e-ton times for at.h task declin.:4
2rc= 'My 1 (p?titice condition) to Day 4, 5 n the itarovc ent w as statistics *!y
significant only for the simple RT camk % = L EO, 2 ' .01). After 100 pea:: Ice

, trials a! * shol caus, d al :ificant slowin ; L. choice r:Tm. (4hyn M .co.:; c
~ i.06 2 < .05) but only es :tnal s1 swing 1. -hatec p.rg :,r'(ace ;c p nwe, o"3 =' < .;o);

2-d nu no effect on simp e RT. On < lay 2. -h pse:crn i .g e.n31 eth.c:s"..u.

,

shot: :he sa e. Alcohol si: .vd perfor . . .e -he Dirit-/~ y . r.k 19 simi..

ii:t .: 7 7 . :.r: ' :3 = L 15, , - . . 01, . . .m - , . c y c e.: 3, ,3 e g ,.;i n z .a t hr-
!.i h:-/sy ta v. N .ce; , 1.90, p .... nj S-.1 no g,., ..-9,b. eff,,,,e ...,.

n. 4 e . . L.:: .es . s hoo ,. w i .n.$ , a.: 2 . .: .c. . e .: s, a m., . , ic.e :34, . e-
. . .

.i n- .if f cantl <! f f tre f of : hor :W.. Era n .e .a f ' ; -- :1 -a un. tar ale-h e

r.
.
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TADLE 3 -

, ,

I ii

Short Practice Group (N=6) .! ;.,

.:-.
,

';

.

Ses sion. -.
-|

i

|! <
5-

^,
|

.

, ' , .1-Practice 1-Alcohol 2-Practice 2-Alcohol 3-Practice 4-Practice ;
,1,

ji
'

Task ,| .
.

!.!RT R 339 322 319 312' 304 261
. r. . .I,

I a 59 80 136 - 98 107 70 |
U-

-
.

g ;
-

i 'p1

r1 .

' i-i'CRT X 419 456 416 458 384 391
| LK -

t ' , :.
.

e a 121 113 108 110 86 132 *

.

.

CitT E . 492 575 486 562 499 .482 i I.
DK ,

,

'

s 76 85 111 107 110 104 ?
!-
e

!
a ,,

|i.

li
I{'

.

! t:-
.

!

.

m

.i} .

. s , .

. -

,
.

ff
*

s . e

_ . . . . .
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j.' s: did not reduce impairment on the secon'd alcohol session. Overall proportionat.*

~ f : alcohol impairment was greatest for choice RfDK. (16.22) and less for choice Er:
! (9.4%). . ,

i .:
'

t

] ! Table 2 exhibits means and standard deviations on alcohol and baseline set . !

for the derived measures of stage durations, the translation stage. Nib, and
- |-i T

]
'

the response selection stage, e_. As mentioned above, the ,a_ stage, d as,

1 simple Rr, was not affected by alcohol. ~ Alcohol slowed - about 45 asec on' Day 1 (t
j Alcohol a$ = 2.43, g < .05) but only about 34 asec on Day t$ = 1.41, g < .2)g . . .

lso. slowed e shout 54 mese on Day 1 (e5 = 3.65, a < .01) and about1
49 asec on Day 2 (15 = d response selection were significantly ispaired by

1.34, g < .20). Thus, both hypothetical stages, stimuli
response translation an

,

. alcohol on day 1, but the day 2 effects were somewhat ssaller and were nousign:
8;1 ficant. The overall proportional slowing of the two stages across both alcoho

? sessions was nearly equal (c_ = 59% and T ,g = 56%).
!. 3

In summary, after a minimum of sober practice, alcohol slowed the Group 1
; |i - subjects' performance on both choice RT tasks while leaving simple RI unaffects

,

] The subsequent stage analysis suggests that two hypothetical stages of informat-

Processing (I -R and c).were equally slowed by alcohol. Recall that the simphj S.

3 cask, used to estimate the a_ stage, includes movement time (i.e., the time regt
( to move the index finger from the central key approximately 4 cm to one of the

lj peripheral response keys). The negative finding with regard to simple RI at ti.

)y level of practice suggests thac neither the central processes involved in simp 3
nor the actoric response were affected by alcohol. ..

1
..

! Long practice. Tables 3 and 4 display siallai data for the long practice
'l group. As expected there was a substantial practice effect from Day 1 to Day I

amouncing to 50 msee for simple RT (t3 = 2.62, g 5 .05), 67 asec for choice Rrg
(c_3 = 2.26,* g < .10), and 83 msec for choice KrDK (11 = 2.58 g < .05). After.

2000 practice trials on each task, alcohol (Day 9) slowed simple Kr by about 31
i

(t3 = 10.2 E < .005), choice Ri,g by about 37 msee (13 = 14.2, g < .001) andg

of alcohobw(by about 65 msec (e3 = 3.52, a < .025).
choice RT The second adminiscrstion

* I'ay 10) also significantly slowed performance on all tasks (2 < .01
, or better). As found for the short practico group, one day's practice under
j alcohol (Day 9) did not significantly improve task performance when alcohol was

' administered on a second occ.ision (Day 10). In f act, evers11 perfocusace on
the two choice RT tssks was slightly (not significantly) worse on the second
s1cohol day than on the first. Overall, the alcohol-related decreecnt was 14

;; for simple RT,16% for the !.ight-Kay task and 13?. for the Digit-Key' cask.

As sentio'ned above, the 3, stage (plus movement time) as index'ed by si.ple-

e
*

was significantly slowed by alechol. . Table 4 shows the esti=sted sesge duratie
of IS-R and e. The estinsted durstions of both of these stages were longer for
the two alcohol sessions than for the adjacent baseline sessions. Itowever,,

acceptable levels of sestistical significance were schieved only for the second
i alcohol session (2 < .001 and g < .05 for IS-R sed e_ respsictively). Overall,

alcohol sicwed T .g by about 362 and c by asout 23% (gs <.05).'

3
.; -
2! Thus, for both groups alcehol slowed perfor.snce on the two choice RT cask,

! and slowed the estimsted time re;uire! to perform the _T. a sad e_ operations. I, .

the long practice group significant slowing of si:;1e KT was also found.
*

,

~ *|g

! 56
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TABLE 2 |
*

,
t i,

! ' l'
: '

A Hypothetical Stage Duration [[
'*

1-

IShort Practice Group (N=6) *

i I
t..

I ''i
Session f

'l
1-Practice 1-Alcohol 2-Practice 2-Alcohol 3-Practice 4-Practice i !:
100 Trials 250 Trials 100 Trials 250 Trials 250 Trials 250 Trials''

|
''
,

'
stage :

'

i *

Stimulus Responsa j
. Translation
! i

(T -R) X 73 118 70 104 115 91 ;S ,,

i m '

s 53 71 30 50 41 35
. , . .

! "
' . '

*

. u
| 'i,
.

Responso Selection
, j, .

! !
-

E 80 135 96 146 80 131 i(c) *
.

.

|
is 84 76 41 76 37 88 ;:

'

i 8
i ;.

i i
j i

t .
.
-

. .

I ..
*

' f
* '( ,

*
!

!!
l'

$ $
'
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TABLS 3 i.

,
i s

| |
-

.

..Long Practice Group (N=4) {
-

4
e*

Session }'

,

' Practice Alcohol Practice i
1 2' 3 4 5 6 7 8 9 10 11 12 !'

i
'ITaul;

r
s

RT X 261 242- 234 223 206 213 209 207 240 237 210 211 ',i

.

a 36 90 36 35 12 28 37 26 28 29 22 26 f
i

i

CRT X 346 319 311 299 289 282 282 280 318 337 282 278 i'
,

1LK .u, i
= *

2 54 47 42 45 34 20 21 25 29 19 25 32
.

i

k,
'T

CRT X 460 420 420 404 391 397 392 374 445 454 386 377 ,-

DK -

n 64 25 37 19 18 .20 13 19 32 12 20 15 -| ,

| .- c..

, ,

| e

!'

'
I

?

) .,

; ,:

*

1
i
i

-
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TABLE 4 1
-

.'
'| - 1 u.

t.,
.,

liypothetical Stage Durations f N
i

. Long Practice Group (N=4) )' O
| 8 ) ~;
*

: *-
,

! l i Session !

l
*

i

Practice Alcohol Practice i
1 2 3 4 5 6 7 8 9 10 11 12 j

.

''

4
'

'
Stago

' 3 *
Stimulus Response .

-

Translation |i.

(TS-R) E 114 101 109 105 102 114 111 94 127 *118 104 99, '

'

o 35 28 26 27 36 8 8 20 31 16 12, 26)
i
e

n

,
nesponse Selection ,

1

( c,) R 44 76 77 75 83 70 72 73 79 100 72 67' ,

| .
.

'''
.

'
17 17 11 16s 27 21 17 18 25 18 18 13

e '.
,

.

|
* *

r -

go

|
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l
*

j' ] f . One major question was whether one practice session with alcohol would
,' ..j t L . improve performance as a second alcohol session. This clearly did not happen.
[ ~| |. Om*the contrary, although the alcohol sessions were separated by 48 hrs.,

.

,

q j {{ l performance was usually worse on the second session. This trend held for hoch
j 3 , shore practice and lang practica groups. .*

* *a i *

!.;! ' I Caesarison of short and lona oractice troups.
1, - . .

i 8

:, One of the major questions addressed by the present study was whether*

extended practice on a task decreases the vulnerability of the task to disruption..

. . by moderate alcohol intoxication. Using the alcohol-related incrasse in response
? j ~ time as the dependent measure, we found no statistically reliable difference

'

between short and long practice for any of the three tasks. For simple R , the3

loss practice group shoued a 32 asec treater alcohol effect (cg = 1.45, p. < .2)..
.

* For the two choice Er tasks, alcohol tended to produce slignely less slowing ine

the long practice group (about 3 asec for CRTgg, e < 1; and about 19 asec for
; ,, ' CIrDK' t.< 1). Similar trends were found for the two derived stage estimates,

,

;

T and c Again, when alcohol effects for the short practice and Icas practice"' -

, ,

j M s were. compared, we found trends toward less slowing of the long practica
; | subjects (by 33 asec for 4 , g < .2; and by 70 meec for c, g < .1). The,-; .

,

[ proportional alcohol-related slowing of T .g and g also tended to be enslier, g.

i t in the long practica group, but the differences ber sen groups were not significa

|. . Thus, though there was some evidence that prolonged practice any reduce thei-
*

effects of alcohol on these processing states, the data are equivocal givea
the -ignificance levels achieved and the power of the tests.,

!

! Another question addressed by this study was whether alcohol interfered
i with practice effects such that later sober performance failed to benefit from

practice under alcohol. To make this comparison, we found the igrovement in
mean RI over approximately the first 1000 crials (i.e., from Session 1 to
Session 4 or 5) for subjects in Group 1 and Group 2. Recall that the short
practice group (Group 1) performed 500 of the first 1000 trials of each task
while intoxicated. Croup 2 (long practice) subjects were sober throughout this
period. . Over the first 1000 trials, the short practice group actually showed
siishcly more improvement in simple RT (by 9 ssec; e < 1) than did the long

,

practice group. For the two choice RT tasks there was a tendency (nonsignificant
for alcohol to interfere with practice effects. Thus, Group 2 showed a 43 asec

*

greater improvement on the Light-Kay ' task (cg = 1.3, g < .2) and 73 asee greater
: improvecent on the Digit-Key task (eg = 1.4, p, < .2) than did Group 1. These
! data suggest chac alcohol intoxication may not interfers with esrly practica

effects on relatively uncomplicated performance tasks as represented by simple Zr
Alcohol intoxicatica may, however, interfere with learning more compler tasks,.,

.'
j as represented by the two choice RT tasks. The e tests were clearly consigni-i

a ficant. However, our previous exnerience with similar tasks indicates that group
- i differences in the range of 40-70 e.sec will produce highly significant statistica*

; results when group siae is in the range of 12-15 subjects.
. ,

- e
'

i Su=sary
" t,

! For subjects receiving either short (100 trials) or long (2.000'ericis)
*

f I practice, blood alcobal concentrations of abcut 90-100 =$ caused syste:stic
' slowiag of. perforr.nce on both the Li;ht-Key an:*. Digit-i'cy choice IT a.C 3.;n 4

I' i f P.cvaver, the effects of alcohol on siapir. ET (plus neverient ti=e) r.sy depend
*

on the ascunt of practice on task. parfor .v:e by the 1er.g-practiu group '. s.

,; si;nificantly slowed by alecht 1 uheress ;>erfer= nce by the short-practica i;r:n;
'~ uas not..

-.,

..

. j . . , . . - . _ . ._ __. ._ . ._ . .
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Eatinates of the durations of three hypothetical information processing /. .
,

stages were derived from the three tasks. The results of analysis of * alcohol
,

I effects on these derived seasures permit us to infer that alcohol causes slaving

f I of both stimulus-response translation operations and response selection operatic
,

That is to say, in choice Itr tasks alcohol intoxication produces slowing of .

! .

j central cognitive processes such as'those involved in translating from a numeria
code on the stimulus side to a spacial code on tha response side as well as of'

,

4 output processes such as those involved in selecting the correct motor progras..

.
Whether at this dose levai, alcohol also impairs such basic processes as sensor}

.j motor transmission times is not clear for two reasons. First, our measure of
simple It was confotanded by movement time acd second, as reported above, the
effects of alcohol were not consistent across practice groups. jj y

% These results confirm those of Tharp et al. (1974) showing that output
cognitive processes associated with response selection are vulnerable to alcohol

8 intoxication. The findings extend those of Tharp et al. by showing further that
more central processes in the serial-stage .model, those associated with trans.. e-

,

lating fiou a stimulus code to a response code, are also vulnerable 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,.

i the evidence indicates that practice up to at least 2,000 trials, spaced over ?
, i 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 intoxication probably does not interfere with early practi
effects on simple reaction time. However, trends in the data, though non-signil
with these sample sizes, do suggest that acderate intoxication say interfere
with learning more cocplex tasks, as represented by choice rcaction time.
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