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Previous studies in our laboratory (Tharp et al., 1974) and by Huntley (1974)
indicated that a major target of alcohol was the information processing stage
of "response selection'. Probably included in this stage 1s the operation of
"stimulus-response translation'" (Teichner & Krebs, 1974). The information
processing studies conducted under this contract used reaction time (RT)
procedures to test the notion that alcohol impairs the functioning of this
limited-capacity translation mechanism. Alcohol appears to impair RT in
every low (stimulus-response) compatibility tested: (1) with unfamiliar S-R
pairings, (2) with spatially incompatible responses (Robinson & Peebles, 1974)
and (3) with high translation load. 1In general these experiments indicate
that alcohol slows RT in proportion to the stimulus-response translation load
imposed by the task.

S
The studies of alcohol and memory were targeted on the possible effects of
the drug on organizational processes, retrieval mechanisms, and encoding
(depth of pxj«_)rt_;g_sging).)'l"he tasks included free recall and tests of recogni-
tion.0verall the data suggested that organizational or associational
processes in long-term storage were particularly vulnerable to alcohol
intoxication.~There was no evidence to support the notion that alcohol
V'intnxi}nt ion impairs memory scanning. Some of the data suggested that
retrieval operations may be vulnerable to intoxication, but the evidence was
not strong. Likewise there was some evidence that intoxicated subjects
apply a more stringent criterion for identifying previously presented items
(increased B).

eﬁtndiws of the effects of acute alcohol on sleep patterns of 47-63 year old
normal males were conducted to allow comparison with age-matched alcoholics.
Some enhancement of delta sleep was scen in each of the normals, suggesting
that the mechanisms for induction of delta sleep may be relative intact in
normal subjects up to advanced middle age. Alcohol failed to po iate

delta sleep in our older chronic alcoholies.

SRR

et - o ettt e - = e = i e e

SFCUKIT’Y Cl‘.ASSH’ICAYlQN OF THIS PAGE(When Deta Fntered)

remm

e ——————



AD

EFFECTS OF ALCOHOL ON HUMAN PERFORMANCE AND SLEEP

Final Comprehensive Report

Boyd K. Lester, M.D., and Harold L. Williams, Ph.D.

Supported by
U.S. Army Medical Research and Development Command

Washington, D. C. 20314

Contract No. DADA 17-73-C-3157

Oklahoma Medical Rescarch Foundation
Oklahoma City, Oklahoma

Approved for public release; distribution unlimited.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents.

UNCLASSITFIED




RO

111,

Effect

Studies Focused on Information Processing....

of Alcohol on Human Performance

Table of Contents

Experiment 1:

Experiment 2:

Reading vs.

Reading vs.

Shadowdng. . cceecis

Picture Naming....

and

Studies Focused on Memorial Processes.

Past Research within the Storage Model.

Recent Research..

Results

1. Memory of 15-word lists of English nouns...... O

a. Tmmediate

Snd DiscusShon: ce s an veeme o sma

Freeé Recall...vcsvnews

e s e e s s 0 s 0 e s s e e

b.

d.

Recognition Task.
s

Immediate Recognition....

Final Free

Recall....

s e s e e

2 Intra-List

3. Multi-Trial

Studies Focused on Sleep..ciocaciaenes “

Free Recall of Categor

R.-wn;;nilinn. ...... e e

At

<3

.14

.14

oo 4

.

51l

.15

S

LLELE S ]
LLLRIT RS .

11

4

nis Rile Juchen
8ue &f gm0

DISTRIBUTION AMATLATILIYY Tody |

LS b o e

{

ey

!




o a7
-3z

Figure

Figure

Figure

1.

2%

3.

Figure 4.

Figure

Figure

Figure

Figure

5.

List of Tllustrations
Verbal Reaction Time for Visual and Auditory Words Under
Baselines and Alcohol " Conditdons v e s tte slsleiaia s s e e e e aioie A P A L 6

Verbal Reaction Time for Visual and Auditory Words as a Function of
Log Word Frequency Under Baseline and Alcohol Conditions...........7

Verbal Reaction Time for Printed Words as a Function of Log Word
Frequency on Alcohol and Baseline Sessions........... A D s emie

Verbal Reaction Time for Pictures as a Function of Log Word
Frequency on Alcohol and Baseline Sessions........... S Ao e, 10

Serial Position Functions for Immediate Free Recall. Main Effects
of Alcohol and Serial Position were Highly Significant............ 16

Serial Position Functions for Final Free Recall Summed Across the
100 U o o e e e e e e e s etallele el et s e o) aTlee e e stelelete) sleluin L0,

Final Free Recall. The Functions Represent the Number of Words

Recalled from each of Ten 15-Word ListS......cc.ccceeeecas e 18
Interaction of Alcohol and List Arrangement with Inter-trial Repetitions
as the Dependent Variable........... e D e D B O R R T e 20

ii




SUMMARY
Effects of Alcohol on Human Performance and Sleep

This contract supported two investigations of the effects of alcohol on
humans. The primary project was the investigation of the effects of alcohol on
information processing and memory. The second project was the phase-out of our
studies of the effects of acute and chronic alcohol ingestion on physiological
sleep patterns.

The long-term goal of this research has been to increase our knowledge of
the effects of alcohol on human performance. The long-term expectation is that
analysis of the effects of alcohol on information processing tasks will reveal
the locus of alcohol effects on the different hypothetical cognitive processes
involved in such tasks. Our overall approach to the study of drugs and cognition
has been to test the acute effects of the drugs on cognitive processes that can
reasonably be assumed to be required for the execution of a broad range of tasks.
Once a vulnerable stage is identified, we have attempted to confirm the result
using constructive replications and additional task-related experimental variables.
Thus, our specific aim was to discover drug effects that could be generalized to
a broad range of human performance tasks.

Previous studies in our laboratory (Tharp et al., 1974) and by Huntley (1974)
indicated that a major target of alcohol was the information processing stage of
"response selection'". Probably included in this stage is the operation of
"stimulus-response translation'" (Teichner & Krebs, 1974). The information
processing studies conducted under this contract used reaction time (RT) procedures
to test the notion that alcohol impairs the functioning of this limited-capacity
translation mechanism. Alcohol appears to impair RT in every low (stimulus-
response) compatibility tested: (1) with unfamiliar S-R pairings, (2) with spatially
incompatible responses (Rcbinson & Peebles, 1974), and (3) with high translation
load. Tn gencral these experiments indicate that alcohol slows RT in proportion
to the stimulus-response translation load imposed by the task.

The studies of alcohol and mewmory were targeted on the possible effects of
the drug on organizational processes, retrieval mechanisms, and encoding (depth
of processing). The tasks included free recall and tests of recognition. Overall
the data suggested that organizational or associational processes in long-term
storage were particularly vulnerable to alcohol intoxication. There was no
evidence to support the notion that alcohol intoxication impairs memory scanning.

Some of the data suggested that retrieval operations may be vulnerable to intoxica-
tion, but the evidence was not strong. Likewise there was some evidence that
intoxicated subjects apply a more stringent criterion for identifying previously
presented items (increased R).

Studies of the effects of acute alcohol on sleep patterns of 47-63 year old
normal males were conducted to allow comparison with age-matched alcoholics. Some
enhancement of delta sleep was seen in each of the normals, suggesting that the
mechanisms for induction of delta sleep may be relatively intact in normal subjects
up to advanced middle age. Alcohol failed to potentiate delta sleep in our older
chroniec alcoholics.




Effects of Alcohol on Human Performance and Sleep

I. Studies Focused on TInformation Processing (High Accuracy Procedures)

Recently, we reported the results of a series of experiments that
examined the effects of alcohol on speed and accuracy in three character-
recognition tasks (Rundell, Tharp, Lester and Williams, 1973; Tharp, Rundell,
Lester and Williams, 1974). Stimulus discriminability, stimulus-response
compatibility (SRC), number of stimulus-response alternatives (Np), stimulus
probability, and categorizing requirements were varied orthogonally with alcohol
in an attempt to apply differential load to three hypothesized stages of informa-
tion processing: stimulus preprocessing (and encoding), stimulus categorization
and response selection processes. Examination of patterns of additivity and
interaction among these experimental variables revealed consistent positive inter-
actions between the effects of alcohol and those of treatments such as Np and SRC,
intended to influence information outputting operations. The effects of stimulus
discriminability, a treatment directed toward stimulus preprocessing and encoding
processes were invariably additive with those of alcohol and the other experimental
variables. We concluded that in simple character-recognition tasks, alcohol causes
specific impairment in information outputting operations, such as those involved
in response selection. Huntley (1974), employing choice reaction time (CRT)
tasks, and similar experimental variables, arrived at the same general conclusion.
Patterns of statistical relationships were somewhat different in the two sets of
experiments, but our studies and his agreed that the positive interaction between
alcohol and NA increased with low stimulus-response compatibility. These results
indicate that tasks requiring high-speed, relatively incompatible responses to
low-probability stimuli are particularly sensitive to alcoholic intoxication.

Our perepectives on this work have changed somewhat after reading the
excellent analytical review of visual CRT by Teichner and Krebs (1974). For
example, their quantitative analyses of most of the CRT literature, and their
own experiments on simple visual RT indicate that Np has some influence on ecach
of the cognitive stages implicated in CRT. Furthermore, they developed a very
convincing argument that the hypothetical component processes in choice reaction
time should include a stimulus-response translation operation (Tg-R) located
between the stimulus categorization and response selection stages. Welford had
arrived at a similar conclusion in 1968. Teichner and Krebs' logical analysis
of two CRT tasks, Light-Key and Digit-Key, derived the implication that the latter
task contains a requirement for translation that is not a component process of
the former. The Light-Key task is a spatial matching task in which both the
st imuli and the response keys are arranged according to the same left-to-right
position code. Once the signal is encoded by position, the response rule is
one-to-one. In the Digit-Key task, however, the subject must first encode the
numeral, then translate from numerical to position code by a spatial rule, then
select the correct motor program and respond. Once the translation process is
completed, the response-selection operation appears to be identical for the
two tasks. This analysis generated a precise definition of incompatibility
between stimulus and response. That is, reduced compatibility exists when
the task requires translation from one to another coding dimension. These
considerations imply that most SRC treatments exert load on the translation
stage rather than on response-selection processes. Therefore, the positive
interaction between the effects of alcohol and SRC found both by Huntley
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and ourselves may mean that cognitive processes associated with translation
rather than with response selection are particularly vulnerable to alcohol.

A number of recent experiments have shown that alcohol has a large effect
in verbal RT paradigms which employ visual stimuli (Moskowitz and Roth, 1971;
Huntley, 1974; Tharp et al., 1974). The tasks used in these experiments all
require a "visual-to-verbal" translation operation. Since translation appears
to be particularly vulnerable to the effects of alcohol, we decided to compare
several tasks which varied primarily in their "visual-to-verbal" translation
requirements, but which held response selection constant.

The stimuli for these experiments were drawn from several word-frequency
categories in the Thorndike-Lorge Lists, ranging from high (100 or more) to low
(0.9-0.1) word occurrences per million words of written text. For reasons that
will become apparent, only nouns with high imagery properties (confirmed by
pilot studies) were selected.

A. Experiment I: Reading vs. Shadowing.

The first experiment described here attempted to vary the load on
translation operations while holding response selection constant. The two tasks
were Word-Shadowing and Word-Reading. In Word-Reading, word stimuli are presented
one-at-a-time on a central display, and the subject reads each word aloud as fast
as he can. Verbal reaction time is the dependent variable. The subject must see
the word, recognize it, translate from a visual to verbal code, select the correct
motor-speech program and say the word. In Word-Shadowing the subject must hear
the word, recognize it, select the correct motor program and respond. There is
no apparent translation requirement.

Since N apparently influences all of the component processes of CRT from
stimulus encoding to response selection, we suspected that stimulus probability,
defined by word frequency (WF) would have a main effect on each task. Further-
more, since Word-Reading contains a translation requirement that is not present
in Word-Shadowing, we anticipated a positive interaction between the effects of
task and WF. Note, however, that rapid responding to visually presented words
is for most young adults, a familiar, highly practiced task. Thus, the
differential load on translation operations between the two tasks is probably
small.

With response-selection processes equated on these two tasks, we can
examine the differential effect of alcohol on translation operations. We
anticipated a task by alcohol interaction effect. The combined effects of
alcohol and WF were not easily predicted. It will be recalled that the size
of the interaction between the effects of alcohol and Ny depends on the level
of incompatibility between stimulus and response. It is probable that the
Word-Reading task employed here places only a moderate load on translation
operations. Thus, we might observe only a trend toward a three-way interaction
between task, WF and alcohol.

A group of 24 young males, recruited from nearby colleges and universities,
served as subjects (Ss) in this experiment. Each S was tested individually in
one of the 24 possible orders for four different stimulus sets. Similarly,
ecach set was presented according to the order randomly assigned to one of
four separate sessions: practice, baseliney, alcohol, and baselinej.

Subjects were asked to get a normal night's sleep, and to refrain from
taking such stimulants as coffee or coke at least four hours prior to each
session. In addition, Ss were required not to eat during the four hours prior
to taking alcohol. An alcohol dose of 1.056 g/kg (95% ethanol) was mixed in
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a 1:4 ratio with ginger ale. This mixture was divided into three drinks
which S consumed in a 30-minute period.

Blood alcohol concentrations (BAC) were measured every ten minutes with
a Stephenson Model 900 Breathalyzer. Peak BAC averaged 108 mg7Z.

The stimuli for both tasks were randomly drawn from the frequency
categories described above with the following restrictions: (1) equal numbers
of words were drawn from each of the five WF categories and (2) each WF category
contained an equal number of one and two syllable words. The auditory words
were recorded on audio tape (Scotch #206) and presented to the subject at a
rate of one word every 7.5 sec. The onset of each stimulus word triggered a
voice key which started a millisecond timer with a triggering accuracy of ¥ 3 psec.
The onset of the subject's response then triggered the same voice key to turn off
the timer. FEach visual stimulus was rear-projected on a 3" x 5" screen. Four
warning lights surrounding the projected area were illuminated for 1.25 secs
prior to each slide presentation. When the warning lights switched off, the slide
was projected (Kodak FEktagraphic Projector with Grass Model PS22 Strobe Light
Source) and the RT counter started. The S's vocal response triggered the voice
key and turned off the RT counter.

Each session consisted of 4 blocks of 25 visual words and 16 blocks of
10 auditory words. Half of the Ss received visual stimuli first on all four

sessions w! he remaining Ss received auditory stimuli first.

St ‘ere instructed to respond as quickly and accurately as possible.
To moti me penalty point was administered for each half-second of RT
and an | ten points were added for each erroneous response (including
uninte ¢ sounds). A financial bonus was paid to the S with lowest penalty

score on cach session.

Figure 1 shows that alcohol increased reaction time in the Word-Reading
task by 33 msec, but had almost no effect on the speed of Word-Shadowing. The
task by alcohol interaction effect was significant (p < .05). Thus, the shadowing
task, which is perhaps an analog of the Light-Key task in the visual RT literature,
was not sensitive to alcohol.

Figure 2 shows that WF affected both tasks. High-frequency auditory words
were shadowed 51 msec faster (p < .01) than words from the lowest frequency cate-
gory. One implication of this finding is that WF, like Npj, probably influences
processing components in addition to translation operations.

High-frequency visually presented words were read 84 msec faster than
rare visual words, and the task by WF interaction effect was just short of
significance at the 0.05 level. There was no trend toward a triple interaction
between the effects of alcohol, WF and task (F < 1). The additive relation
between the effects of alcohol and WF suggests that the two treatments were
influencing separate processing stages in the tasks, but the data do not suggest
which stages may be differentially involved.

B. Experiment 2: Reading vs. Picture Naming.

Fxperiment 2 varied the load on component processes involved in cate-
gorization and stimulus-response translation, but at a higher level of cognitive
difficulty than Experiment 1. Subjects were presented on alternate trial blocks
with pictorial and word stimuli again selected from Thorndike-Lorge word lists
such that the words varied with respect to their probability of occurrence in
English text. The subject's task was to name cach picture and read each word
as rapidly as possible, while a voice key and associated electronics recorded RT.
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The Word-Reading task was the same in all essentials as that described
in the first experiment. Tt will be recalled that both alcohol and WF caused
slowing on that task although their effects did not interact. Picture-Naming
must contain a complex series of component processes. The subject must see the
picture, encode it visually, categorize it, name it, select the correct verbal
motor program, and respond. Note also that the naming operation requires the
subject to interrogate his memory, a requirement that is at least minimized in
the Word-Reading task.

Studies by others indicate that Picture-Naming is strongly affected
by WF (0ldfield and Wingfield, 1965) and by alcohol (Moskowitz and Roth, 1971).
Moreover, the alcohol effect was greatest with low-probability stimuli. The
results of those studies would be confirmed by a strong WF by alcohol interaction
effect. Compared to Word-Reading, Picture-Naming places high load on cognitive
operations associated with translation, categorization and retrieval from memory.
Thus, we should anticipate a substantial three-way interaction between the effects
of task, alcohol and WF.

Twenty-four young males, recruited from nearby colleges and universities,
served as subjects in this experiment. Each S was tested individually in one
of the 24 possible orders for four different stimulus sets. Each =t was presented
according to the order randomly assigned in one of four separate sessions:
practice, baseline;, alcohol, and baselinep. The first three sescions were on
consecutive days at the time of day for each S. Baselinejy followed the alcohol
session by 48 hours. Management of subjects and alcohol dosage were the same as
in the first experiment.

The stimuli consisted of 440 items, divided equally into five word
frequency groupings after Moskowitz and Roth (1971). The word frequency cate-
gories from high to low were (1) 100 or more, (2) 99-50, (3) 49-11, (4) 10-1.0,
and (5) 0.9-0.1 word occurrences per million words of written text. Only one-
or two-syllable nouns with high imagery (i.e., capable of being readily identified
from an outline drawing by eight pilot Ss) and having few synonyms were selected.
Five practice words and five practice pictures began each session. The experimental
stimuli which followed consisted of five blocks of 10 words and five blocks of
10 pictures arranged in a balanced design. Two items from each word frequency
grouping were randomly assigned to each block.

Fach stimulus (a 35 mm slide) was rear-projected on a 3" x 5" screen.

The subject, seated about 30" in front of the screen, saw the projected stimuli
without needing to make large scanning movements with his eyes. Four warning
lights surrounding the projected area were illuminated for 1.25 sec prior to
each slide presentation. When the lights switched off, the slide was projected
and the RT counter started. The subject's vocal responses triggered a voice key,
and after a constant delay of 14 msec, turned off the RT counter. An intertrial
interval of 10 sec separated slides.

Instructions to the S concerning accuracy and speed, as well as the
penalty points and financial rewards, were the same as for the first experiment.

Figure 3 illustrates that WF again significantly affected (p < .001) the
time required to read words and that a logarithmic function adequately describes
this relationship. Overall, high frequency words were read 98.9 msec faster than
rare words. TIn addition, alcohol slowed RT by an overall 53 msec (p < .001),
but this impairment was not a function of WF. Thus, again in a task with moderate
translation requirements, alcohol, as predicted, caused overall slowing, but this
effect was additive with that of WF.

Figure 4 shows that speed of picture naming is also a logarithmic function
of WF. Subjects required an average of 848 msec more time to name rare pictures
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than to name common ones (p < .001). Tn addition, alcohol slowed RT over

the five word frequency categories by an overall 175 msec (p < .001). As
anticipated the size of the alcohol effect was a function of WF. Alcohol
increased RT to low frequency stimuli by 340 msec more than to common stimuli
(p < .01).

The overail RT difference for pictures drawn from low- and high-frequency
word categories was about 750 msec more than the RT difference for reading low-
and high-frequency words (p < .001). Finally, the three-way interaction between
task, WF and alcohol was significant.

In summary, the results of these studies are consistent with the view
that word frequency, like Np, influences all of the component processes of
choice reaction time. Furthermore, as with Ny, the effects of WF increase with
increasing load on such central processes as categorization and stimulus-to-
response translation. Alcohol had no effect on verbal RT in an auditory
shadowing task for which translation operations were minimized. Alcohol did
slow performance on the Word-Reading task which does contain a visual to verbal
translation requirement. However, the anticipated interaction between the effects
of WF and alcohol did not occur. Interaction between these two treatments occurred
only at the level of Picture-Naming.

These findings confirm the results of earlier studies by 0Oldfield and
Wingfield (1965), and Moskowitz and Roth (1971). Furthermore, they confirm
Huntley's (1974) finding that the size of the interaction between the effects
of alcohol and stimulus probability depends on the load placed on other processes
such as stimulus-response translation.

Unfortunately, however, the Picture-Naming task is so complex that no
convincing argument could be made concerning the probable locus of alcohol effects
on information processing.

The data from these studies are consistent with the conclusions of
Moskowitz (1973) that alcohol appears to influence a limited-capacity mechanism.
The data summarized above, together with the findings of Tharp et al. (1974) and
Huntley (1974), specifically imply that alcohol impairs "response selection" or
"translation'". Alcohol impaired RT in every low-compatibility condition tested:
(1) with unfamiliar stimulus-response pairings, (2) with spatially incompatible
responses (Robinson & Peebles, 1974), and (3) with high translation load. Since
stimulus-response compatibility influences the "translation'" or "response selection"
process (Sternbeig, 1969; Smith, 1961; Teichner & Krebs, 1974), the patterns of
interaction between alcohol and this variable suggest that the drug affects this
stage.

[IT. Studies Focused on Memorial Processes

During the past several years our investigations of the effects of alcohol
on human performance and cognitive functioning have included a number of experi-
ments focusing on memory. To some extent, these studies have incorporated
memorial operations (e.g., memory scanning) within the broader context of
information processing. At the same time, however, we have developed an
independent line of research with the primary emphasis on memorial processes.
For the most part, this group of studies has utilized variations of the free
recall paradigm in an attempt to isolate those mechanisms of memory vulnerable
to alcohol intoxication.

The current state of experimental work dealing with alcohol and memory
is such that little of what is known can be related to general theories of

ory. The majority of published studies centering on the effects of alcohol
on human memory are empirical or “task-specific" in nature (e.g., Carpenter &
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Ross, 1965; Kalin, 1964; Storm & Caird, 1967). Since little work has been
carried out within a theoretical framework, the knowledge obtained is often
difficult to generalize to other tasks and other experimental situations.
Perhaps more importantly, such studies yield little information that is
useful for the general understanding of human memory.

In the hope of circumventing some of the shortcomings of ecarlier
atheoretical studies, we began a series of studies within the framework of
one of the major classes of models of human memory: '"storage models" (after
Glanzer, 1972). Storage models of one type or another have been described
by the following investigators: Anderson (1972), Atkinson and Shiffrin (1965,
1968, 1971), Bower (1967a,b), Broadbent (1969, 1970, 1971), Glanzer (1972),
Kintsch (1970), Laughery (1969), Norman (1968, 1969), Norman and Rumelhart
(1970), Shiffrin and Atkinson (1969), Waugh and Norman (1965), and Wickelgren
(1970). The primary distinguishing feature of this class of models is the
characterization of human memory as consisting of multiple, functionally
discrete memory stores. In general, these models arrange memory stores in a
sequential organization, and information is transferred from one store to
another. The memory stores in storage models are assumed to vary with regard
to storage capacity, read-in/read-out rates, mechanisms of address, and the
time constants associated with forgetting (Murdock, 1974).

The evidence for multiple storage mechanism comes from a broad series
of studies extending over the past decade or so and including both normal and
braindamaged subjects (see, for example, Anderson and Bower, 1972; Atkinson
and Shiffrin, 1968; Baddeley and Warrington, 1970; Broadbent, 1958, 1968;

Cermak and Butters, 1973; Craik, 1968, 1970; Drachman and Arbit, 1966; Glanzer
and Cunitz, 1966; Murdock, 1967, Norman, 1968; Sperling, 1963, 1967; Waugh

and Norman, 1965). As one might imagine, within the class of storage models
there is a good deal of disagreement regarding the precise nature (and number)
of the postulated memory stores. Nevertheless, it is possible to specify what
might be considered a "modal" storage model (see also, Murdock, 1967). Such a
model might include three distinct memory stores: (1) a perceptual or sensory
store, (2) a short-term store, STS, (primary memory), and (3) a long-term store,
LTS, (secondary memory). Generally input to these stores is considered to be
sequential.

The perceptual store (Sperling, 1960) is a very short-term buffer menory
which receives incoming sensory information for subsequent read-out into STS.
Short-term store can be conceptualized as a limited capacity buffer storage
system which may hold information for various types of processing (i.e., an
operating register) or for transfer to LTS. Whereas information is lost from
the perceptual store by decay (maximum storage time < 250 msec), information
is lost from STS by displacement (Raymond, 1969; Shiffrin, 1970; Reitman, 1971).
Est imates of the capacity of STS range from two or three items (Glanzer, personal
communication; Murdock, 1972), up to five or seven items (Atkinson & Shiffrin,
1968; Anderson & Bower, 1972). Information is transferred to LTS from STS,
although the transfer does not imply a loss of information from STS. In recall,
information in STS is directly accessible, whercas LTS information must be brought

into the STS buffer for emission or subsequent processing. (Whether LTS information

is directly accessible from the standpoint of STS is a major source of disagree-
ment.) Storage in LTS is usually considered to be permanent, at least once
consolidation is complete. Forgetting may occur as the result of failure to store
in LTS or failure of the retrieval process. Failure to store an STS item in LTS
could be caused by an impairment of the consolidation process or by some load
(e.g., speed) on the STS-to-LTS transfer process.
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The Atkinson-Shiffrin version of the storage model postulates an LTS
retrieval process consisting of secarch, retrieval, decision, and response
operations for recall from a self-addressing LTS. Thus, an LTS location is
interrogated and an item is retrieved (entered in STS). While the item is in
STS, a comparison is made between the item and the recall stimulus. A
probabilistic process governs the decision to emit the item or continue the
search. Forgetting could result from a number of possible sources; although,
the most sensitive operations are probably involved in (1) finding the proper
locations to interrogate and (2) the decision process. The LTS interrogation
process, for example, would be greatly hindered if items were not well organized,
encoded, or tagged. In other words, if LTS is primarily a self-addressing
store, and if the initial search of likely "locations" is a directed operation,
then the better the target item is catalogued, the more efficient the initial
search process (i.e., the greater the probability that the initial location
interrogated will contain the target item). If the target item is retrieved
on the initial memory interrogation, then the chance of beta error is reduced,
as is the probability of deciding to terminate a "iutile" search. Thus,
inadequate encoding, tagging, or organization of to-be-remembered items may
lead to reduced correct recall scores, increased errors of commission, and
slowed emission of responses.

A. Past Research within the Storage Model.

During the past two years, we have completed three experiments examining
the effects of acute alcohol intoxication within the storage model. The first
two experiments employed the standard free recall paradigm with lists of
English nouns. The third experiment of the series involved a free recall
learning task. These experiments were directed towards the isolation of the
effect of alcohol (1) within specific memory stores (viz., STS, LTS), and
(2) to specific operations associated with the stores (e.g., STS-to-LTS
transfer). The several task variabies utilized in these experiments produced
recults consistent with the findings of other investigators (Dallet, 1964;
Glanzer, 1969, Glanzer & Cunitz, 1966; Glanzer, Gianutsos & Dubin, 1969;
Glanzer & Schwartz, 1971; Murdock, 1962; Phillips, Shiffrin & Atkinson, 1967;
Posner & Rossman, 1965; Postman & Phillips, 1965; Puff, 1966; Raymond, 1969;
Reitman, 1971; Shiffrin, 1973; etc.). In each experiment the alcohol effect
(BAC = 90-100 mg percent) on overall recall was highly reliable (p < .001).
However, in none of the experiments was it possible to isolate the alcohol
impairment to a single store. The expected interactions which would permit
the acceptance of a localized effect were consistently small (F2,60 = 0.5;
F2,32 = 0.7; and Fp ¢g = 0.2). Moreover, estimates of the effect of alcohol
intoxication on recall from STS were made using three different methods of
calculating STS. In each case there was some evidence for rejecting the null
hypothesis (t3g = 1.85, p < .10; F],]7 = 4.26, p < .105 tyg = 3.25, p < .03
t3g * L9, p < .10).

For the first two experiments, involving the (single trial) free recall
paradigm, task variables were e¢mployed to load the STS-to-LTS transfer opera-
tion and to clear list items from STS. Neither variable responded differentially
to the two levels of the alcohol variabie. A third task variable, list length
(12 or 18 words), did interact with the alcohol variable such that the intoxi-
cated subjects were particularly impaired for the longer lists. Of the several
possible interpretations of the alcohol x list length interaction, one of the
most attractive was that alcohol had impaired the degree of organization of
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items in LTS. An organizational impairment might be expected to interfere
with retrieval by making the location of the proper memory addresses more
difficult (see above). Under such conditions one would expect decreased
recall (confirmed), increased errors of commission (partially confirmed),
and increased latency of response (untested).

The third experiment of the series attacked one form of the organiza-
tional hypothesis by varying the strength of associational linkages in a
standard free recall learning paradigm and measuring the amount recalled,
subjective organization (Tulving, 1962), stability of recall from trial to
trial, and sequential organization of recall (cf., Bousfield & Bousfield,
1966). Briefly, the results of this experiment indicated that intoxicated
subjects were impaired in the use of associative 1linkages, especially when
the associative values were low. In addition, there was evidence from the
stability of recall measure that the accessibility of items stored in LTS
was impaired by alcohol and that the impairment was independent of the
associative strength variable. This finding suggested that the intoxicated
subjects may have been experiencing retrigval difficulties in addition to
the effects of LTS organizational or associative disruptions.

B. Recent Research.

Tn brief, three previous studies in our laboratory had indicated a
strong effect of alcohol intoxication on recall of words from long-term
storage. Data from these experiments also suggested an alcohol effect on
recall from short-term storage; although, this impairment may be somewhat
less substantial than the LTS effect. Some tentative alternative hypotheses,
derived from the initial studies were as follows:

1. Alcohol impairs recall by interfering with the retricval process
(e.g., the scanning operation may be impaired).

2. The intoxicated individual tends to encode items at levels less
effective for retrieval (i.e., at acoustic rather than semantic
levels).

3. Alcohol impairs the individual's ability to effectively organize
items in memory. The organizational deficit may occur during storage,
or during retrieval, or both.

To test some of these notions, a fourth study in the series was subse-
quently proposed to investigate the effects of a moderate dose of alcohol
(BAC = 100 mg percent) (1) under varying levels of retrieval load, (2) on
levels of encoding, and (3) on organization of to-be-remembered items in memory.
Upon completion of the experiment (44 subjects), the data was analyzed with the
results rl.'pur(L-d below.

C. Results and Discussion.

1. Memory of 15-word lists of English nouns. Following presentation
of each list, Ss performed written free recall (immediate free recall) followed
by a rw'ngnitin'n task. Since recognition tasks are generally presumed to eliminate
memory scanning operations, the comparison of alcohol effects on recall and
recognition tasks permit inferences regarding the effect of alcohol on the scanning
aspect of retrieval. After all 10 lists had been presented, Ss performed a final
free recall task in which they attempted to recall all 150 words.

14
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a. Tmmediate Free Recall. Alcohol produced a reliable (p < .001)
decrement in recall (approximately 18%). The serial position curves for both
alcohol and placebo conditions were of the typical U shape (see Figure 5); and
the F-ratio for serial position was highly significant (p < .001). However,
the interaction between alcohol condition and serial position was not significant
(F4,76 = 1.13), and the simple main effect of drug was significant for the final
three list positions (p < .05). These results confirmed previous studies in our
laboratory, and they imply that alcohol impairs the recall of items in both long-
and short-term storage.

b. Recognition Task. The 15 original list items were presented
along with 30 distractors. The subject circled a number from 1 to 6 to indicate
his degree of confidence that each item was or was not a member of the previously
presented list. For both sober and intoxicated subjects, nearly twice as many
items were correctly identified in the recognition task as were recalled in the
immediate free recall task. However, alcohol reliably (p < .001) reduced the
number of correct recognitions. The intoxicated subject tended to commit fewer
false recognitions (false alarms), although this result was not quite significant
at the .05 level. There was no significant difference between the amount of
alcohol-related 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 (t = 1.03) or on proportional change (t = .48). Thus, there was no
indication that the retrieval operation of scanning was the target of the alcohol
effect. The signal detection statistics, d' and B were calculated for both
alcohol and placebo conditions of the recognition task. The d' estimates were
lower in the alcohol condition, again indicating a reduced ability to identify
list items (p < .021, sign test). A significantly high B statistic for the
alcohol condition (p < .006, sign test) indicated that when intoxicated, our
subjects were more "cautious'", i.e., less willing to identify recognition items
as being list items. Conversely, once committed to a response, our subjects tended
to have a higher degree of confidence in their responses when intoxicated than
when sober (t19 = 2.07, p < .10). Indeed, the degree of confidence was signifi-
cantly higher in the alcohol condition (p < .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 latter
trend was not statistically significant (tj9 = 1.22).

c. Tmmediate Recognition. The possibility remained that the
delayed recognition task failed to show a disproportionate improvement over
immediate free recall performance in the alcohol condition because recognition
followed recall. Therefore, twenty-three additional subjects performed the
recognition task immediately after list presentation without intervening
free recall. The impairment in immediate correct recognitions by the alcohol
group (-15%) was similar to that found with recognition following free recall.
However, with independent groups and smaller sample sizes, the alcohol effect
did not reach statistical significance with the parametric test (Q = 1.67).
When the number of correct recognitions in the inmediate recognition task was
compared with those in the delayed recognition task, there was no significant
difference for alcohol (t = 1.04) or placebo (t = .95) conditions. Thus, the
rejection of the first hypothesis (i.e., that alcohol interferes with the memory
scanning aspect of retrieval) was strengthened.
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d. Final Free Recall. Alcohol reduced the number of words
correctly recalled (E.< 001) and increased the number of errors of commission
(p < .05).

Serial position curves for alcohol and placebo conditions were
constructed by combining across lists (see Figure 6). Both curves display
the typical negative recency effect. As shown in the figure, alcohol signifi-
cantly lowered recall at final free recall (p < .001), and produced greater
recall impairment for final free recall than for immediate free recall
(p < .001). This finding suggests a possible effect of alcohol on consolidation.

A second set of curves was constructed by calculating the mean
recall for list and arranging the lists in order of presentation. These data are
displayed in Figure 7. Main effects were significant for drug (Fl 19 = 54.3,
P < .001) and serial position (Fg AT 13.3, p < .001), as was thé drug by
serial position interaction (F9’171 = 3.91, p < .001). Differences between the
curves were significant at the .01 level or better (F tests) for the following
serial positions: 2, 4, 7, 8, 9, and 10. Examination of Figure 7 reveals that
the placebo condition's advantage over alcohol steadily increases from positions
6 to 10. An hypothesis that alcohol interferes with consolidation processes
would predict that alcohol-placebo differences would be greatest for the initial
list and least for the final list. The present data are contrary to such an
interpretation. However, we must point out that the interval separating
presentation of the initial 1ist and final free recall was only about 45 minutes,
and the number of words recalled by the intoxicated subjects was small (X = 10.3
words). These data, therefore, do not represent a stringent test of a consolidation
interference hypothesis.

2. Intra-List Recognition. A list of 80 words was presented at a
3-second rate to two groups of 22 a]roho] and placebo subjects. As each word
was presented, the subject responded "yes" or "no" according to whether the word
had previously appeared in the list. Ten of the 80 words were repeated once.
The list also contained 10 pairs each of synonyms, high frequency associates and
homonyms. This task was designed to test the second hypothesis: that intoxicated
Ss, like patients with Korsakoff syndrome, tend to encode material at less
efficient levels (Cermak & Butters, 1973). 1If the intoxicated subject were to
encode at less effective levels, one would expect a decrease in the hit rate.

In addition, encoding at the acoustic level rather than the semantic level would
produce a confusion of homonyms. Thus, 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, encoding on an associative dimension would
lead to more false positive responses to high frequency associates. Therefore,
if the encoding hypothesis were correct, one would expect, as a minimum, fewer
hits and more false alarms in the alcohol condition. The alcohol group did have
fewer correct identifications (p < .05) but only marginally more false alarms
than did placebo subjects. However, since the false alarm rate was very low for
both groups (placebo = 9.3%, alcohol = 11.3%), this task may not have provided a
sensitive test. Among the three types of distractor items, alcohol produced the
greatest increase in false positives for the high frequency associates.

3. Multi-Trial Free Recall of Categorized Lists. Subjects were presented

with a single 64~ word list cnmposed of 4 category titles (e.g., fish, vehicles,
etc.) and 15 exemplars from each category. The list was presented twice, cach
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presentation being followed by free recall. The words were arranged in random
order for half the subjects and grouped by category for the remaining subjects.
For total recall, significant main effects were found for drug (p < .001),

trials (p < .001), and list arrangement (p < .05). The third hypothesis, that
intoxicated subjects have difficulty organizing material in memory, leads to

the prediction of a positive interaction between the drug and the grouping
variable. Although the means were in the predicted direction, the interaction

of drug and list arrangement did not reach statistical significance. The trend
was for the blocked arrangement to benefit the sober Ss more than the intoxicated
Ss. TInter-trial repetitions were calculated to measure sequential constancies

in recall from trial one to trial two. This measure is an indicator of subjective
organization in memory (Bousfield and Bousfield, 1966). Alcohol decreased
sequential organization (p < .01), while the blocked arrangement led to increased
organization (p < .01). Although the rather striking interaction between drug
and list arrangement (illustrated in Figure 8) did not reach significance at the
.05 level (p < .10), a posteriori tests revealed a significant effect of list
arrangement for the placebo Ss only (p < .01, Tukey's HSD). Thus the data
support the notion that both alcohol and the objective organization of the list
affect the degree to which items are organized in memory. The Pearson correlation
coefficient between inter-trial repetitions and total correct (immediate) recall
;as .73 (p < .001).

Stability of recall was calculated as the proportion of items recalled
on Trial 1 that were also recalled on Trial 2 and was analyzed to assess Ss'
difficulty in locating the appropriate storage locations in LTS. Alcohol
reliably reduced the stability of recall measure (p < .001). Although the effect
of the list arrangement variable was nonsignificant, there was a significant
interaction between drug and list arrangement (p < .0l1). Simple effects analysis
revealed a significant list arrangement effect on placebo Ss (p < .05) but only
a marginal effect for alcohol Ss (p < .10). There was also a significant overall
correlation of stability of recall with total recall (r = .49, p < .01).

Z2-scores representing category clustering were calculated according to the
method recommended by Frankel & Cole (1971). The main effects of drug, trials,
and list arrangement were significant at the .001 level in the predicted directions.
Although no interactions were significant, a posteriori tests revealed increased
clustering in the blocked presentation condition for the placebo Ss (HSD < .01),
but the increase was not reliable for the alcohol Ss (HSD > .05). Thus, there
was a strong trend for blocking to increase clustering in the placebo Ss, but
the results for the intoxicated Ss were more variable. Overall, clustering scores
correlated well with total correct recall (r = .78, p < .001).

In summary, the data do not support the hypothesis that the memory scanning
aspect of the retrieval process is affected by alcohol. Stage analysis of the
present data, along with previous findings support the notion that alcohol impairs
recall from both STS and LTS. The data were not conclusive with the encoding
impairment hypothesis. There is a hint that alcohol may affect decision processes
such that the intoxicated Ss were applying a more stringent criterion (higher
8 statistic). The data suggest that, at least in part, the recall deficit may
result from an inability to carry out a coherent organizational plan, rather than
an inability to formulate a plan. 1In general, the organizational data are
similar to our previous findings. The correlations between recall and the
organizat ional measures were reasonably high, and alcohol scems to undermine
this association. Overall our studies have most strongly implicated organization
or structuring of memory as a primary target for alcohol.
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The sequence of studies summarized above is part of a longer series of
experimental probes into the nature of memorial deficit caused by alcohol.
There is no question that alcohol causes impaired verbal recall. There has
been a strong main effect of alcohol in each of some ten experiments. The
question is "Why?" There are strong hints both in earlier experiments and
in the series summarized here that the deficit in long-term recall is due
to impairment of organizational-associational systems in memory. For example,
the intoxicated subject does not spontaneously cluster items by associational
linkages as effectively as the sober subject. Moreover, as reported here,
the intoxicated subject does not make adequate use of objective list structure
for organizing items in memory.

Some of the data can also be interpreted as suggesting an impairment
of some aspect of the retrieval process. If the retrieval process, indeed,
consists of scanning, item retrieval, and decision operations, our latest
study implies that the scanning operation is intact in intoxicated subjects.
This suggestion is consistent with data from one of our previous experiments
using the Sternberg memory-search paradigm. In that study, too, there was no
evidence that the search process was affected by alcohol. If retrieval processes
are vulnerable to alcohol, then one might suppose that the decision operation
would be the most likely point for future examination. A decision operation
such as hypothesized for free recall tasks could be influenced indirectly by
several related factors. Among these are (1) the quality of the item retrieved
(e.g., the level of encoding) and (2) the organizational and associational context
or matrix within which the item is stored. Alcohol could directly influence the
decision process (1) by some sort of general impairment or (2) by causing
a shift in the criterion for emitting a response or for deciding to terminate
the secarch. There was a hint in the recognition task data (reported above) that
subjects set more stringent criteria for recognizing a list item when intoxicated
than when sober. Perhaps with a more stringent criterion, it is not surprising
that the intoxicated Ss were generally more confident of the accuracy of their
responses. Indeed, it is possible that increasing the criterion for emitting
a response might lead to a reduction in the number of words recalled.

IIT. Studies Focused on Sleep

Chronic alcoholism is associated with marked disturbance in the physiologic
sleep profile (Johnson et al., 1972; Lester et al., 1973; Lester et al., in press).
These disturbances include frequent awakening, particularly from stage REM,
acceleration of the ultradian REM cycle, almost total absence of stage 4 sleep,
and changes in autonomic levels, represented by increased rates of respiration
and of non-specific electrodermal activity. Although these alterations persist
for at least several weeks in sober alcoholics, there is very little information
on the effects on disturbed sleep of prolonged abstinence. We do not know whether,
or to what extent disturbed sleep profiles eventually recover, nor do we know the
degree to which age or duration of heavy drinking influence such recovery.

The amount of stage 4 (delta) sleep is diminished in both young (under
40) and older alcoholics, in the severe depressive disorders, and with normal
aging. However, it is not certain whether its absence is due to loss of EEG
amplitude or loss of the delta (0.5 to 4 Hz) range of EEG frequencies. We
recently reported some data showing that loss of EEG amplitude rather than of
delta frequencies accounted for the absence of stage 4 in a few chronic alcoholics,
but this finding should be checked in a larger sample (Lester et al., in press).
The issue has some theoretical importance since the neural processes that control
EEG amplitude are probably different structurally and functionally from those
that control EEG rhythmns.
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Moderate doses of alcohol administered prior to sleep tend to potentiate
delta sleep in young normal subjects (Rundell et al., 1972), and in young
alcoholics as well. However, in older alcoholics, alcohol had no effect on
delta sleep (Lester et al., in press). Since alcohol can instate stage 4
in the young alcoholic, one surmises that in these patients the physiological
mechanisms for delta sleep are still intact. However, we do not know whether
the failure of alcohol to stimulate stage 4 in older alcoholics is really
specific to chronic alcoholism or is associated simply with normal aging.
This year we undertook studies to examine these issues.

Six normal volunteers with histories of very moderate social drinking
(ages 47-63) were studied for four consecutive nights in the sleep laboratory.
After one adaptation and two baseline nights, Ss were given drinks consisting
of 95% ethyl alcohol mixed with ginger ale. With doses of 1.06 g/kg, BACs
ranged from 90 to 110 mg%. Three of the Ss had some difficulty tolerating
this dose. Physiological measures included continuous EEG recordings from
symmetrical CQ/Al and C3/A) placements, submental electromyogram from bipolar
placements under the chin, left and right electrooculograms, GSR from palmar
surface of middle finger right-hand, heart rate with a lead IT EKG placement
and respiration from a strain gauge around the solar plexus. Data analysis
thus far completed on four of these subjects suggest that on the average they
have very little delta sleep, no more than age-matched chronic alcoholics.

Each of them, however, showed a small increase in delta sleep during the alcohol

night. These trends indicate that the mechanisms for induction of delta sleep
may be relatively intact in normal subjects up to advanced middle age. Thus,
the failure of alcohol to potentiate delta sleep in the older chronic alcoholic
may be related specifically to alcoholism.

A second experiment was undertaken to determine whether physiologic
sleep profiles remain abnormal in former alcoholics, totally abstinent for
at least two years. Eight volunteers, all successful members of A.A. have
been run. Three of these subjects are under 40 and the remaining five are all
over 50 years old. Analyses, thus far, suggest that these subjects have EEG
profiles compatible with those of normal subjects matched on age. These
preliminary results, if sustained, confirm the findings of Adamson and Burdick

(1973) .
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