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Abstract
by
Eliyahu Vakil

Advisor: Professor J. R. Tweedy

Recently several theories have attempted to explain
annesia in terms of & distinction in contemporary memnory
theory between encoding procescses that are automatic (use
minimal attention) and those that are effortful (require
attention). Evidence has bheen obtained which indicates
that for normal subjects, information regarding the
temporal or spatieal conditions of an item, or its
frequenéy of occurrence, accumulates in memory via
automatic processes which are unaffected by age,
education, or instructional variables.

Memory for these different types of informetion was
investigated in young adults recoverinc from closed head
injuries (CHI), normal elderlv and younc¢ adult controls.
Fvery subject engaged in temporai, épatial, and frequency
of occurrence juddmnent tasks applied to items previously
presented as members of a single list.

Three hvpotheses derived from Hasher and Zacks'
(1979) model were evaluated. First, there should not be

a difference between groups on any of the three tests.
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Second, periormance on judgment tasks should not be
related to performance on effortful memory tasks. Third,
being informed about the nature of the task reguirements
should not improve performance.

Thig paradigm also allowgs study of the relationships
in performance between these three putative automatic
tasks. The control ané CHT groups showed & high
correlation between nerfornance on temporal and spatial
tasks. The eldrlv group showed a significant correlation
between the temporal and the frecuency tesks.

Analvzing the variability of each subject's judgment
revealed that, rclative to younqg controls, performance on
the frecuency and tenporel tasks was impaired for CHI and
elderly groups. "hen the subjects vere given more then
twe alternatives in the spatial task, the CII group also
showed performance decrements. TIeing informed about the
task never improved performance. In some cases it
inpaired judgnent accuracy. These results raise serious
questions concerning the validity of Easher and Zacks'
(1979) contention that performance on these judgment

tasks is mediated by automatic procesces.
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Recently psychological theorists have distinguished
between two basic types of mental operations: automatic
and non-automatic processing (Posner & Snyder, 1975;
Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977).

"Autonatic" processes are defined as those reculring
ninimal attention and awarenescs, while non-automatic
processes recuire the awareness, attention, and control
of the individual. lNon-automatic processes have been
given different names: "conscious," (Posner & Snyder,
1975); "controlled," (Shiffrin & Schneider, 1977); and
"effortful," (Hasher & Zacks, 1979). ©Dach one of these
names reflects a different aspect of the automatic =-
non-automatic Zichotony.

According to Posner and Snyder (1975) automatic
‘processes occur: a) rapidly, b) without intention, c)
without necessarily giving rise to awareness, and d)
without interfering with other processes. Shiffrin and
Schneider (1977) postulated some additional
characteristics of the automatic processes: a) when
activated, they run to completion, b) they are difficult
to suppress once aroused, c) they do not on their own
result in the storage of new information, and d) under
certain circumstances, they improve with practice.

Kellogg (1980) characterized automatic processes as a)



failing to cause interference, b) occurring without
intention, c¢) unconscious, and d) inaccessible to
introspection.

Hasher and Zacks (1979) introduced a new distinction
within the category of sutomatic processes. They
characterize the automatic processes discussed so far as
"learned." These processes reqQuire massive amounts of
practice to become automatic. The other type of
automatic processes thev call "innate" or "inherited."
These processes cannot be improved by additional practice
or feedback, do not require intention or ewareness to be
performed, and can not be inhibited willfully. They
recuire minimal amounts of attentional capacity and, in
contrast to Kellogg, and Shiffrin and Schneider, Hasher
and Zacks propose that knowledge gained from these
automatic processes is accessible to consciousness and
can be used. These processes are assumed to be part of
the very early repertoire of the newborn as well as the
elderly, and are held to be unaffectec by differences in
alertness, motivation, education, experience, culture and
intelligence. Finally, these processes are said to bhe
equally effective under conditions of incidental and
intentional learning. According to Hasher and Zacks,

being informed about the nature of the task will not



inprove performance.

$-a
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The innate type of automatic processes obviougly
differ from the learned type in several wavs. Unlike
learned processes, they do not require »ractice, since
they are available from birth. 1hile learned autonatic
processes may show individual differences, the innate
type do not. Learned processes do not, on their own,
result in the ctorage of new information, however the
information acouired through the mechanisw of the innate
automatic processes are alvays available and accessible.

Fasher and Zacke (1979%) see automatic and effortiuvl
processes as two ends of a continuum. The learned tvpe
ie on this continuum, near the automatic end.

Effortful nrocesses are the mirror image of the
autoniatic processes. Accordiny to Peosner anda Snyder
(1975), these conscious mechanisns a) are slow acting, b)
can not operate without intention and conscious
avareness, and c) inhibit the retrieval of unrelated
information.

Hasher and Zacks 197¢) suggest that the autonatic
nrocesses are involved in the input stage of the
information encoding. In contrast, Shiffrin and
Schneider's model (1977) proposec that automatic
procecses are involved in each step of information

processing from the initial enceding of the input to the

final response output stace. The work on semantic



activation by Posner and Snyder (1275) and lleely (1977)
suggests that at least some conponents of the retrieval
stage are automatic. Thus, compromised autonatic memory
functions might produce either encoding or retrieval

deficits.

Feilure of "nNffortful" Procescsing

-

Craik and Lockhart (1972) proposed the "levels of
rrocessing" theory, which claims that deeper, more
meaningful analyses of perceived events are associated
with more durable menory traces. Putters and Cermak
(1975) euntended this theory Lo exnlain amnesia as &
fajilure to empley "decp" senantic processes, which normal
peonle use spontaneously.' In other words, amnesics ao
not spontaneously use, or are not able to use,
elaborative, organizational, effortful nrocesses. (For a
discussion of this distinction see Rurke & Light, 1¢R1).
Along the same lines, Jacoby (1982) proposed that the
deficit in memory function seen in Xorsakoff patients is
due to a leck of distinctiveness in the encoded
information. Korsakoff patients process information in a
more routine and automatic fashion than do normals. This
type of encoding does not include sufficient information
to allow the event to be later retrieved. Xinsbourne and
tiood (1982) meke a very similar proposal. They view

amnesics as processing information automatically and not



in an actively attentive fashion. They point out that
amnesics perform relatively better con recent information,

and suggest that its recency make this inforwation

distinctive for the amnesic.

Failure of "Avtonatic" Processing

Huppert and Piercy (1976) attribute the memory
deficits of amnesics to their failure to ecitablish an
adecuate temworo-swatial context for the material, a
nrocess which is norrally an automatic function. They
ghowed that amnesics' judgments of recency are afiected
by the itemn's frecuency of occurrence (Hunpert & Piercy,
1¢78). Subjects' judgments were consistent with a simple
trace-strength imodel. An item that anpeared more
frequently was judged as more recent, and vice versa.
NMornal subjects anparently have available to themn, bevond
trace strength, specific temporal and freguency
information that allows them to differentiate effectively
between recency and frecuency.

Hirst (1982) in his review on annesia reaches the
conclusion that context theory best accounts for the
features of the amnesic syndrome. He suggests that in
the amnesic the breakdown in the automatic encoding of
context will not abolish the process completely, but

rather requires effortful allocation of attention to

processes done automatically in normels.



In & wore elaborate version of the theory, Hirst and
Volpe (1284) point out that, under noriaal circumstances,
a personr wouid intentionally (effortfully) cncode a
certain event while the context of that event is encoded
gutomaticallv., Later on, this contextual information
serves as an important retrieval cue. Rffortful and
automatic enceding can cccur simultaneously because, by
definition, automatic procceses do not interfere wiil:
effortful. cnes. Bowever, in the cesce of amnesia, the
autonatic processes are nosited to become effortful, and
the amnesic is not able to encode simultaneously the
event and its context. In the case when the event is at
focus, the'contoxt would not e availadle to help
retrieval; 1f the context ig at focus, the event itself
will not be encoded. The Hirst and Volne model includes
effort and context concerts, and accounts for many of the
research findings on amnesics.

In sunmary, some theorists see annesia as a loss of
the ability to use effortful processes (Butters & Cermak,
1975)., Others see amnesia as an inability to utilize
automatic processes (Munpert & Piercy, 1978). liore
recently, Hirst (1982) explained enmnesia as the
consequence of effortful processing of information that
normally is processed automaticallyv.

In the next section the literature on normal menory

is evaluated in terms of the support it provides for



Hasher and Zack's (1979) nodel which predicts that
frequency of occurrence, temporal order, and spatial

location are encoded automatically.

Eutonecticity and Young liormals

Frocuency of occurrence. llany studies show that

adults are sensitive to the frequency of occurrence of an
event. Lasher and 2Zacks (1979), and Attig and Hasher
(19¢0) show that not only adults, but also children and
the elderly can accurately estimete the frecguency with
which words occur in a list. They interpet this lack of
a developmental accurach trend as support for the view
that frequency is encoded automatically. They also
showed that informing the subjects about the tvpe of
menory test they would encounter ¢id not improve the
rerformance of either young or old subjects. Alba,
Chromiak, Attig and Hasher (1980) show that not only are
the freguency of individual events cncoded automatically,
but also the freguency of category exemplars are
accurately judged, even uncer incidental learning
coniditions.

Zacks, Hdasher and Sanft (1982) showved that other
criteria of automaticityv were confirmed in judging
frequency of occurrence of an event. In their
experiment, subjects showed neither improvemnent with

practice nor impairment with competing demands, and



individual differences were minimal. These results
contrast with the findings of free recall studies, where

effortful nrocessing is presumably recuired.

Tepmoral order. The establishnent of the temvoral

order in which events occur is an inportant comnonent of
normal memory functioning. This information reduces
intrusion errcrs cn succeeding lists, and allows the
subject to differentiate between events on the basis of,
their recency. According to Hasher andé Zacks (1979), the
ability to encode temporal order is another type of
contextual inforriation which is processed automaticallv.
Toglia and Fimblc (1976) showed that instructing the
subjects about the nature of the recuired temmoral

judgment failed to enhance their merformance. However,

other criteria of automaticity, when tested by Zacke,
Hasher and Alba (1984), were not fulfilled. Their
subjects' judgnent of temporal order improved with
practice. lMoreover, reliable individual differences vere
observed. Subject's performance levels relative to
others in their group remained stable acrose lists, and
subjects with higher grade point averages performed
better than those with lower levels of acadenic

achievement. These results suggest that a modification

of the Hasher and Zaclic model is needed.



Svatial location. Swatizl location information is
also congidered by Hasher and 7Zacks (1979) to be encoded
automaticallyv. The cupport for this view derives from
findinas thet show that there is no difference between
intentional and incidental recall of the position of
items, nor any trade-oif between iten recall and location
recall in the two conditions. Also, no difference was
found between intentional or incidental recall of the
location of nictures, at any age frem five vears to
maturity (Von "right, Gebhard and Xarttuven, 1087%5).
liandler, Secgmiller and Nay (1977) found that adults were
more accurate in their spatial locaticn judgments than
were children. !'owever, since no ege-related interaction
was significant, this indicated a similarity of
functioning in the different ace aroups. Park and liason
11982)'reported a riore complex set of findings. They digd
not f£ind a trade-off between the recall of items dnd
their spatial poeition in the intentional cr incidental
conditions. Unexpectedly, subjects performed better for
the intentional condition than for the incidental.

These distinctions between autonatic and effortful
rrocesses, which provide a framevwork for research in
rainstrean coghitive psychology, have also appeared in
the amnesic literature. The following section discusses

the ability of brain injured patients and normal elderly
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subjects to process information automatically and
evaluates their ability to automatically encode
information about the frecuency of occurrence of events,

their temporal order, and their spatial location.

Distinction ard lieniorss!

The Autonatic/Effortful

Function in the Head-Inijured

Brain injury is not & single, unified condition.
Symptoms following brain injury vary denending on the
location and severitv of theAinjury, the subject's
premorbid personality, and many other factors. Because
such a broad range of functions have been postulated to
be automatic, & cuestion arises as to whether they all of
the same type.

Following left hemisphere damage, performance is

usually deficient in the verbal domain. In swpite o
general loss of verbal abilities, one tvpe of snheech that
is often vreserved is automatic speech (Luria,
Symernitskayea & Tubylevich, 1970). A patient who is not
able to voluntarily eupress a word or a sentence may do
so automatically if the right natural triqger is
presented. Chusid and HMcDonald (1967) also found that
many aphasic patients have preserved automatic speech
(e.g., saving the alphabet, counting, and reciting

well-rehearsed pravers). According to Lezak (1283),



these verbal auvtomatisms are impaired only with very
severe and diffuse cerebral damage.

Symernitskaya (1974) compared the writing ability of
natients with right and left hemisphere lesions. As
expected, patients with left lesions did noorer.

I'owever, vatients with right henisphere danage did noorer

than those witb left hemisphere damage when asked to sign

their names. On the basis of her findings,
Svmnernitskeye conciuded that verbal function in general
is controlled by the left bemisrchere, while automatic
grarhical functions are controlled by the right
henisphere.

Another autonstic skill often unimpaired fellowing
head injury is word association. Appelbaun (1960) showed
that head injured ratients perform as well as nornal
controls in word association tests. In this test the
subject is instructed to utter the first word that comes
to ninéd to each stimulus word. On the reproduction part
of the test, the subject is recuired to nane the came
word that was reprorted to the stimulus words on its
originally presentaion. Appelbaur: concluded that this is
accomplished through automatic or passive nechanisns
which are not impaired after head injury, and that word
association is thercfore not useful as a diagnostic

test.

11



Another use of the concept automatic processing
appeare in studies of "sepantic activetion," e.g., Posner
and Snyder (1975). Sementic priming can automatically
procduce both faciiitation and inhibition effects. The
ozt common inhibitory example is the "Stroop effect," in
shnich a color's name is written in ink of & different
color, and the zubject has to read lists of the words or
name the colors as fast as possible. Typically, it takes
longer to naice colors when the ink colior and the word do
not match. One of the exnlanations of this inhibitory

.effect is that within this task two responses (the colcr
and the namne) ecutomatically compete with each other for
access to the output mechanisri. Patients with frontal
lesions find the Stroon tack particuleriy difficult
(Lezak, 1923). This suggests that while the semantic
sycten is automatically activated, its control is

mediated by the frontal lobes.

Automatic I'ncoding in Meurolocically Imnaired
Popnletions

In this section the three tvpes of information
considered by Hasher'and Zackes (1979) to be encoded
automatically are discussed. Hasher and Zacks (1979)
commented on their finding that one elderly patient they

tested showed a loss of automatic functions. "Automatic



processes should be functioning under ell conditions of
consciousness, except nerhaps where brain damage has
occurred" (w. 272). Trus, even Hasher and Zacks allow
for the possibility that head injury micht interfere with

automatic processes.

Freaouency of occurrence. Grober (1€84) found that

avhasic natients did not differ fror control subjects in
their ability to correctliy judge the freguency of
nresentation of different items. Unmedicated Parkinson's
disease patientc are apmarently as sensitive as normals
to an item's frecuency cof occurrence (Veingartner, Burns,
Diebel & LelTitt, 1984).

In contrast, Huppert and Piercy (1973) found that
Horsakoff patients performed more poorly than controls on
& task that combined frecquency of occurrence judgments
and recency judgments. Their patients could not
discriminate between the effect of repeated presentation
and recent presentation. It scems that the ability to
automatically encode frecuency of occurrence information
ig not invariably preserved¢ in patients with brain

danaae.

Temporal order. Hammond (19282) concluded on the
basis of his review of the literature that left-sided

brain damage is typically followed by a deficit in the

13



perception of temnoral order. ¥illiam and Zangwill
(1950) nroposed a modified version of the context theory
which they called the "temporal order hvpothesis."
According to this model, events themselves nay bhe
available to the amnesic, but not the temporal relations
anong events. Huppert and Piercy (1978) £found that
Xorsakoff patients were unable to discriminate between
the effect of repcated oresentation and recent
presentaticn (see previous section).

Hirst and Volpe (1982) reported that amnesics (with
various types of brain damage) showed a defective
judgment of temporal order. 1In one exweriment, the
subjects had to judge the order of woicls presented in a
list. 1In another, the subjects had to judge the recency
of new events. In hoth experiments, recognition of the
vord or the events was above chance, but the tempéral
order judgment on the recognized items was not.

The case of temporal crder seems clearcer than the

case of frequency. Illany types of brain injury irmair the

ability of the patient to judge temnoral order.

‘ Spatial location. Visuo-spatial disorders take
nmany forms: impairment of perception of depth, form,
size, and positional orientation. The brain injury
causing these deficits is usually in the right

hemisnhere, specifically in the parieto-occipital area

14
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(Heceen & Albert, 1972).

Pirst and Volpe (19£4) found that patients who
suffered global amnesia (from hvponia, ischenia, or
aneurysm) were not able to improve their spatial encoding
ability with Instruction, whereas normal adults could.
These results sugoest thet the encoding of spatial
locetion is not an autecmatic process in normal subjects.

Snith and lilner (1981) tested patients with
unilateral right and left temporal lobe lesionz, and also
the patient M.!'v, who has bi-tenroral lobe lesions, and
norizal subjects., These subjects were asked to learn the
prices of items arranced in an array. The test involved
inmediate and delayed recall of the prices (intentional
learning), and also recall of the swatial arrangement of
the items (incicdental learning). Right-temroral lesioned
natients did voorer than normals on the incidental recall
of spatial arrancement, but the left-temporal paticents
performed as well as normals. On the delayed recall of
the prices, right-temporal patients did better than
left-temporel patients. H.!. was infericr to
unilateral-lesioned¢ patients. Smith and Milner (1881)
interpret these results as suggesting that right-temporal
lesions cause impaifment in the automatic encoding of
spatial information. Grober's (1984) findings support

this interpretation. Her aphasic patients (usually with



ieft hemisphere lesions) showved a normal performance on a

spatial menory task.

Automaticity and the Elderly

One of Hasher and Zacks' (1979) criteria for
automaticity is that automatic processes do not change
with age. DRurke and¢ Light (1281) regard this nroposal as
unverranted. Their reviéw suggests that retrieval of
information from semantic memory (e.g., on word fluency
or word association tasks) slows down with age. They
speculate that this may be due to the use of intentional
processes instead of automatic ones. Studies using
Stroop stimuli also found that elderly subjects vere
slover than younc adults in naming the ink color of words
which refer to a different color. This suggests that the
automatic activation of colois by their names persists in
the elderly, and that they have difficulty inhibiting

inapnropriate response tendencies that are activated.

Precuency of Cccurrence. Hasher and Zacks (1979)

reported that judced frecuency increased with the true
frequency increment for both young and elderly subjects.
For the elderly it cid so at a2 slower rate, particularly
at the high frequencies. 7JTdentical results were obtained
under intentional and incidental learning conditions.

The less accurate judgment of the elderly subjects was

16



attributed to their being more conservative or cautious
in their judgnent--a resnonse bhias interpretatibn. This
assunption vas confirmed by Attig and !llasher (19£0).

7hen the response bias was eliminated by using a two
alternative forced-choice paradign, neither age nor
instructicnal condition had an effect. Xausler and
Puckett (1980) replicatec¢ and extended these results and
confirmed the predictions of Hasher and Zacks' model with
regard to the automatic enccding of frequency of
occurrence informetion. Similarly, when Attig (1221)
mathematically corrected for resgonse bias, no age or
instruction effect was found. IHowever, Zelinski and
Light (quoted in Burke & Light, 1981) found a decline in
the accuracy of freqguency judgments with age, even after
correcting for bias. Burke and Light (1921) are critical
of the procedure of statistically correcting for
response-bias. They claim that there is insufficient
evidence to justify such corrections, and that the
forced-choice procecdures lead to ceiling effects, and
therefore are insensitive to age

differences.

Temporal order. On a task in which young and old

adults were asked to judge which one out of two pictures
appeared first, no significant differences were found

between the two groups (Perlmutter, Metzger, Nezworski &
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fillier, 1930). In contrast, licCormack (1982) found thet
voung adults showed a bhetter ability to judge the
temporai position‘of the words than the elderly. The

vere asked tc judge the tenth of the list in

m
=

subject

heard the word. The acge ceffect obtained

o))

which theyv ha
was attributed by NcCormack to the resnonse bias of the
elderly, who tended to avoid assigning words to the.
becinning or to the end of the list. Then an adjusted
index w&as used, it disappeared. 2Ac eupected of an
automatic process, knowinag in advance the nature of the
task did not improve performance for either younu or

elderly subjectr.

Spatial loaction. !HeCormack (180°2) developed two

variations of a espatial task, in whicn the subjects had
to judge the cuadrant in which each one of 64 nouns was
originally presented. He found no age difference and no
¢ifferences in performance under intentional and
incidental learning conditions for either young or
elderly subjects. Similar results werc observed by Park,
Puaglisi and Lutz (1982). These findings support lasher
and Zacks' model. Nowever, otber f£indings do not.
Perlmutter et al. (1980) asked their subjects to study
the location oi different buildings drawn on & map. Then
the subjects were given the same map without the drawing

of the building and their task was to indicate the



19

criginal location of each building. The results showed
that elderly subjects performed woorer than the young
adults.

Moor, Richards and Eood (1984) analvzed the scores
of 284 subjects (age range 19 to 76 years) on the Tactual -
Performance Test from the Helstead lMeuropsyvchological
Test Rattery. In this test each participant,
blindfolded, is asked to place blocks with different
shapes into the appiopriate space., After removing the
blindfold the participants were asked to draw the snape
of each block at the right spatial position. Age
cdifferences were observed for shape recall and location
recall, contrary to predictions derived from Illasher and

acks' model.

&3



Proposal and Hypothesis

The performance of normal young adults, the elderly,
and the closed head injured (CliI) patients is assessed on
three tasks tapping putatively automatic memory
function: judgments of freguency of occurrence, temporal
order, and spatial location. This experimnt allows
within-subjects conparisons on the three judgment tasks.
Other neasures of the intelligence and memory capacity of
the CHI subjects are available from an evaluation done
upon admission to the Head Trauma Program cof the N.Y.U.
ledical Center. These scores are correlated with data
from the experi.ent.

Several hypotheses are advanced about performance on
automatic memory tasks.

(1) €ince it has been proposed that innate automatic
processes are not influenced bv subject variables such as
age and intelligence, there should be no differencg
between the groups on anv of the three judgment tasks.

(2) Since innate automatic processes are posited not
to recuire the allocation of attention (Hasher & Zacks,
1979), performance on memory tests which are considered
effortful (e.g., the Logical Memory and Associated

Learning subtests from the Wechsler Memory Scale,

20
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VTechsler, 1945; the Rey Aucditory-Verbal Learning Test,
Lezak, 1983) should be unrelated to performance on these
judgnent tasks.

(3) Since automatic processes are thought not to be
effected by task variables such as instructicns and
practice, there should be no difference between
performance in the informed anc¢ uninformed conditions on
any cf the judgment tasks for any subject group. '

(4) Fuppert and Piercy's (187f) findings that
annecics have difficulty differentiating between recency
and freauency judgment is contrary to I'asher and Zacks'
(1979) assumption of no individual differencec on these
tasks. Huppert and Piercy would predict that the CII and
the elderly groups would judge the recently-presented
items as more frecguent than items wresented equally often
but earlier in the list. Nasher and Zacks would predict

no such effect of recency on frequency judgnents.
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tiethod
Two versions of the experiment (12 and 1B) are

described in the following section.

Exnerinent 1A

Subjects. Twenty adults, fourteen males and six

fémales, who had suffered blunt head traune vith loss of
consciousness vere tested. All attended the outpatient
rehabilitetion nroaram at the Institute of Rehabilitation
Nedicine (IRI') of the New York Universitv lMedical Center,
anc were nore than one year post-injury. The age range
of these ratients was 18 to 47 years. 1l!one had 2
lancuage-based deficit suificient to interferce with
performance on the task. The control group consisted of
twenty voluntecrs, eleven males and nine fenale
undergraduate students at Oucens Colileqo with an age

range of 1% to 43 years.

Stimuli. Two sets of 52 high frecuency words from
Thorndike-Lorge (1944) normes were used to construct
four versions of a 72-iten nresentation list., Fach list
was arrenged as follows: The initizl and final four
items were f£illers uscd to counteract primary and recency
artifacts. The body of the list consisted of 64 items.
Within each l6-item quarter of the list, siz words to be

given as temnporal and spatial tests were presented once



23
onlv. 1In the rcmaining ten pbsitions four words were
dgevoted to the frecuency of occurrence task, either one,
twe, three, or four times. (Sec Figures 1 and 2 for the
structure cf the acquisition list and the testing

sequcence.)

Procedure. Subjects were tested individually.
Fach watched the secuence of words appear randomly in one
of four cueadrante of the cdisplay screen of a ¥I'S-80
nicrocemnuter at a rate of tventy iitems per minute (cee
Ficure 3a). Folloﬁing acguisition, half the subjects in
each croup first made twenty freguencv of occurrence
judgnents. The sixteen words assigned to the freguency
test and four ncvel foils were presented in random order,
with the subject instructed to respond with o nunber
between zerc and four to indicate the number of times
that word had heen presented. Then the 24 words assigned
to the temporal and spatial tests were presented. 7Tn the
tenporal order test, the words were presented two ol a
time, at the center of the screen, next to each other.
The subject was asked, "I"hich word came first in the
list?" Four types of pairs of words were presented: (1)
two words fromn the same quarter; (2) two words from
adjacent quarters; (3) two words originally presented two
aquarters apart; and (4) tvo words presented three

quarters apart. There were three pairs of each type, for



Figure 1.

Structure of the Acquisition List of Words.

24
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1st 2nd 3rd 4th
Fillers Quarter Quarter Quarter Quarter Fillers
I i r 11 11 RERB [ ‘7
4 16 16 16 16 4

sum: 76 words

Each Quarter Contains:

1 word 4 Times‘w

1l Word 3 Times

10 Frequency Test
1 Word 2 Times

1l Word 1 Time _J

6 Words 1 Time 6 Temporal and Spatial Test



Figure 2. Structure of the Testing Sequence.

26
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Task Order A.

Freguencx Temporal Spatial

20 24 24

Task Order B.

Temporal ( Spatial Freguencx

24 24 20

Frequency Test

4 Words Appeared 0 Times
4 Words Appeared 1 Time
4 Words Appeared 2 Times r- 20 Words

4 Words Appeared 3 Times

4 Words Appeared 4 Times-#

Temporal and Spatial Tests

6 Words Each Quarter 24 Words



Figure 3a.

Figure 3b.

Figure 3c.

Example of an Item Presented During the Acquisition Phase

Example of an Item Presented for the Spatial Location

Task (Experiment 1a).

Example of an Item Presented for the Spatial Location

Task (Experiment 1B).

28



a)

b)

c)

FLOVWER

FLOWER
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a total of twelve pairs. To have the same numpber of
pairs for each type, some words had to be used twice, and
a few were not used.

In the spatial location test, 24 words were
presented one at a time. At the same time, a small
rectangle divided into four quadrants to represent the
original four-cuadrant diswlay was presented on the
gscreen. The quadrénts were labelled “"a," "B," "C," and
n," to allow the subiects to indicate their judgment of
wvhere cach word ves originally nresented (see Figure
3b). In half of the tests, the word appeared on the
right side and the rectancle on the left side of the
screen. In the other half, the words were disnlayed on
the left, and the rectangle on the righ:.

The entire »rocedura2 was repeated. The first tine
the subjects were unninformed aboui the cxdct typé of
test to be used. They were told only to "pay close
attention to what is presented on the screcn because
later your menmory will he tested." Tn the informed
coniition which immediately followed the uninformed
condition, subjects were told that a different list of
wvords was going to be presented which would he £ollowed
with exactliy the sane tywes of tests used in the first
vart: when, where, and how often each word had

occurred. All responses were tyned into the



microcomnuter by the euzperimenter. Task order was
completely counterbalanced over subjects within each
group, except that spatial judgment always followed
temporal order judgment. Since the same words were uscd
in the temporal oider test, recency judgments could have
been influenced by order of presentation in the spatial
task had this test preceded the temnoral. The cntire
nrocedure tcook 25-30 minutces.

Inspection of the data collected during the first
vhase of the exneriment revecaled that performancg on the
tenmvoral 2and sratial judgment tasks for all subject
groups was cither at chance, or very close to it.
Tnercfore a second, hopefully easier, version of each of
these tasks was developed. The frequency task did not

require sucih a nodification.

-

Subjectsz. The 2uperinental group in this
expeiriment consisted of

25 additional voung adults who
had suifered head injury, drawn Sron the.population
described in Experiment 1A. Six were female and nincteen
were nale. The age rance was 19 to 49 years. Two
control groups participated in this experiment: 25 voung
norrial undergracduate students at Nueens College wio
voluntecrcad to marticipate in the exheriment. The age

range was 17 to 39 years. The second control group
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consisted of 25 normal elderly people, sixteem females
and nine males. All were volunteer workers at the
Institute of Rehabilitation lMedicine at the New York

University ilecdical Center. The age range was 55 to 85

Stimuli. The stimuli used in this experiment were

=

exactly the came as in Experiment 1A.

Procedure. The acaquisition list and the frecuency
of occurrence judgment test were exactly the same as in
Experiment 1A, Changes were nade in the tests of
temporal order and cpatial lccation infomation.

Tanporal order test: the 24 words devoted to the
temporal test were presented cne at a time at the center
of the screen. The subject was recuested to estimate in
wnich of the four temporal quarters of the sequence the
word had bhean presented.

Snatial ‘Tocation test: The screen was <divided into
four quadrants, and the same 24 words used for the
tenporal judgnent were presented in a random order, one
vord at a time. The word appeared in two cuadrants on
the screen: the one in which it had been presented
during acquisition, and aliso in the cuadrant diagonal to
that position (see Figure 3¢). The subject was required

to indicate the original snatial position of the word.
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As in Experiment 1A, each subject was tested twice,

2,

first in an uninformed condition, then in an informed
condition. As before, test order was counterbalanced,

with the restriction that the temporal test always

preceded the spatial test.



Regults

First, the results on the various judgment tasks are
considered separately and in succession: frecuency,
temporal, and spatial judgment data. Then the corelatin
betveen the different judgment tasks is examined.
Tinally, correlation with nerformance on effortful membry

tasks and a variety of subject variables are presented.

frecuency of Occurrence Task

17ith the two exveriments combined, the results are
based on 45 control, 45 CII, and¢ 25 elderlv subjects.
Data were assembled for analvsis in tvo different wavs.

Tor the averaged scores analysis, sach subject's

frequency of occurrence judamnents for words presented at
a particular frecquency is computed. TRach subject
contributed five mean judgment scores, one f£or each
presentation frequency. FRach mean is based on four
responses.,

The sccond methiod of analysis, called absolute
deoviations, is based on the absolute size of the
difference between the actual and judged freaquency of

occurrence for each of the twventy items in the list.

34
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Figure 4 presents the performance of three
hypothetical subjects A, B, and C, on the frequency
task. Subject A performed perfectly and this is shown by
each of the two methods of analyses: the means of the
judged frecuency are identical with the actual means, and
the sum of absolute deviations is zero. Subject B is a
casce where the means aqgain indicate perfect judgnments,
but the absolute deviations show impaired performance.
Subject C represents the case where the means are not as
accurate as in the previous case. However the absolute
deviation analysis indicates a better performance
(smaller deviation), than that obtained from Subject B.

Absolute deviation scores have two shortcomings.
One is that they can be interpreted only
relativistically. The other is that they allow wmore
"deviation" at the extreme values of the indewendent
variable than they do in the central values. 1In the case
of frequency, for examnle, when the actual n»nresentation
frecuency is 0 (or 4), a subject can have an absolute
deviation score as great as 4, but when a word avpears
twice, the maximum deviation score that a subject can
hhave is 2. A corrected absolute deviation score
overcories these problems.

Under the assumption of a model of chance
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Figure 4. Data of Three Hypothetical Subjects A, B, and

C, on Frequency Task.
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performance that assumes each possible response is
equally likely, deviation scores were computed for each
level of the independent variable. The absolute
deviation for each subject at each level can be expressed
as a ratio of actual performance and the performance
score that would result from chance performance. A score
of cne reilects chance respondiq, and zero a perfect
performance.

Both the averaged scores and the absolute deviations
data were subnitted to three~way analyses of variance in
which subject group (control vs CHI vs clderly)
instructions (infbrmeé vs uninformed) and presentation
frecuency (d, l, 2, 3, or 4) vere the nain effects. The
ANIOVA tables for the two analyses are nresented in
Appendices 1 and 2, lMote: The probability values
renorted in the ANOVA tables reflect the Huynh-Feldt
Epsilon adjustment (ilyers, 1979). The averaged scores
analysis is presented in Figure 5, the absolute

deviations analysis in Figure 6.

Averaqed scores analvsis. The main effects for

both group and instructions were not significant. The
main effect for frequency was hignlv signifiicant (F (4,
448) = 381.89, p < .001), indicating that averaged

frequency of occurrence judgments increased with the

38



Figure 5.
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Performance on the Frequency Judgment Task
for Three Groups of Subjects Using Averaged
Scores Data in the Not Informed and Informed

Conditions.
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Figure 6.
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Performance on the Frequency Judgment Task
for Three Groups of Subjects Using Absolute
Deviations Scores Data in the Not Informed

and Informed Conditions.
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actual frequency of presentatioh.

A trend analysis revealed that the linear trend
accounted for most of the variability in the different
grouvs and instruction conditions. These findings
indicate that all groups showed sensitivity to changes in
the actual frequency. A Shaffer-%elsch (Ramsey, 1981)
post-hoc analysis revealed that at each actual frequency
level, judged frecuencies differed significantiy from
judgments made at adjacent levels.

The frequency variable interacted significantlv with
subject group variable (F (3, 448) = 8.61, p <
.N01). A pnost-hoc analvsis using contrasts (Xirk, 1982)
indicates that the interaction is mostly due to the
control group surpassing the CHI and the elderly groupé in
the accuracy of their judgments. The averaqged judgﬁent
ccores of the control group for the novel foils and the
words nresented once are lower than the corresponding
scores for the CHI and elderly groups, and at the higher
presentation frequencies, (2 thrcugh 4), the controls'
scores are above the CHI and elderly groups. In both
cases the controls' judged frequency of occurrence comes
closer to the actual »resentation frequencies.

The interaction of frequency and instructions was

also significant (F (4, 443) = 5,23, p < .001).
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Post-hoc analysis using contrast revealed thnat, in the
uninformed cqndition when the actual frequency was zero,
three, or four, all the groups were more accurate in
their judgments than for corresponding presentation

frequencies in the informed condition.

Absolute deviation scores analysis. The three
different groups, which could not be distinguished in the
averaged scores analysis, were significantly different in
the absolute deviations analysis (& (2, 112) = 15.19,

n < .001). A post-hcc analysis using contrasts

confirmed that the significant group effect is not due to
the difference between the CHI c¢roup and the elderly
group, but to the difference between these two groups and
tiie control groun.

The main effec£ for instructions (which was alzo not
significant in the averaged scores analysis) was
signisicant (E (1, 112) = 5.04, p < .05) in the
absolute deviations analysis. Subjects were more
accurate dverall in their frecuency ijudgment in the
initial uninformed condition than in the subsecuent
informed condition.

The significant effect of frequency in the absolute

deviation analysis (E (4, 448) 75.43, p < .001)

indicates that the dispersion of a subject's frecuency



45

judgments around the true presentation frequency is
greater when the number of actual presentation is high
than when it is low. -

A Shaffer-lelsch post-hoc analysis revealed that the
size of absolute deviation did not change significantly
from one frequency to the adjacent one, except between
frequencies threeAand foug. By omitting an intermediate
frequency, the change from one frecuency to one once
renocved (e.g., from 0 to 2 or from 1 to 3) became
significant. The interaction of instructions and

presentation frecuency was not significant.

Corrected absolute deviation scores analvsis.,

Figure 7 presents the corrected absolute deviation scores
as a function of the actual frequency in both the
informed and uninformed conditions. An analveis of
variance with the same factors used in the absolute
deviation analysis was performed on the corrected
absolute deviation scores (see Appendix 3). The results
are very similar with one exception: the group and
frequency main effects were significant at the .001
level, but the information factor in the new analysis was
not signifiicant, while in the analysis of uncorrected
absolute deviations it was. '

The averaged scores analysis is similar to those



Figure 7.

Performance on the Frequency Judgment Task
for the Three Groups of Subjects Using
Corrected Absolute Deviation Scores Data

in the Not Informed and Informed Conditions.
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done in several recent studies of this task (e.q., Hasher
& Zacks, 1979) which also failed to find both instruction
effects and subject group effects. This experiment used
normal adults, elderlyv, and children as subjects, and
replicates Hasher and Zack's (1979) findings. However,
the alternative method of analysis using absolute
deviazion clearly denonstrates differences between the
groups and between instruction conditions. The
implication of these descrepancies in the analyses will

be discusced in the following section.

Temmoral QOrder Tasks

The hypothesis that CHI and the elderly groups
confound judgments of frequency of occurrence and
temporal order was confirmed. The temporal order
judgments of ecach group was submitted to a three-way
analysis of variance. The main effects were: subject
group (control vs CHI vs elderly) instructions (informed
vs uninforned) and the cuarter of the list (1, 2, 3, or
4) in which each item appeared (see Appendix 4).

The nain effects for group and instruction were not
significant. The quarter effect was significant (E
(3,36)=3.05, p < .03), as were the interactions of

gquarter by group and guarter by instructicn. The triple



interaction was not significant. The most interesting
resﬁlt in terms of the hypothesis above was the
significant interaction of group by quarter (F (3,336)=
2.62, p < .02). A post-hoc analysis using contrasts
confirmed the hypothesis that the CHI and elderly groups
tended to judge words that appeared at the second half of
the list as more frequent than words from the first
half. The control group showed the opposite tendency
(see Figure 3). This difference between the CHI and the
elderly groups on one hand, and the control group on the
other, was the socurce of the significant groub by quarter
interaction.

Since two different procedures for this task were
used in the two versions of the experiment, the results

are presented separately.

Experiment l1A. The subjects (20 control and 20
CHI patients) in this experiment were asked to make a
relative primacy judgment. Two words appeared in the
center of the screen and the subject was asked to judge
which word was presented f£irst on the list. The percent
of correct answers for each subject group is presented in
Table 1.

A two-way analysis of variance, subject group

(control vs CHI) by instructions (informed vs

49
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Figure 8. Averaged Judged Frequency as a Function of
List Half for the Three Groups of Subjects

with the Informed and Not Informed Conditions

Combined.
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Table 1
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uninformed), using the number of correct responses as the
dependent measure showed that none of the effects reached
significance (see Appendix 5). These results may be
attributea to the difficulty of the task, which caused a
"floor effect" in verformance. The CHI subjects and the
controls in the uninformed condition did not perform
significantly better than chance (50%). Only the control
subjects at the informed condition exceeded chance

significantly (& (19) = 1.97, p < .05).

Exveriment 1B, The task was modified to make it
casier for the subject, thus avoiding the floor effect.
A single word was presented, and subjects had to judge in
which quarter of the list it was presented. Twenty-five
control, twenty-five CHI patients, and twenty-five
elderly participated in this experiment. As in the
frequency task, this procedure nermits analvsis of the
data in two ways, using averaged scores and absolute
deviations measures of the accuracy of temporal
judgnents. The group means of the averaged scores in the
informed and uninformed conditions are presented in
figure 9. lean absolute deviations in the informed and
uninformed conditions are bresented in éigure 10. Both
the averaged scores and the absolute deviations were

submitted to a three-way analyses of variance in which
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Performance on the Temporal Judgment Task
for Three Groups of Subjects Using Averaged

Scores Data in the Not Informed and Informed

Conditions.
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Performance on the Temporal Judgment Task
for Three Groups of Subjects Using Absolute
Deviations Scores Data in the Not Informed

and Informed Conditions.



ABSOLUTE DEVIATION

ABSOLUTE DEVIATION

NOT INFORMED

01 & CONTROL

A CHI
ol ® ELDERLY

2 s A
ACTUAL TEMPORAL QUARTER
INFORMED

104

& CONTROL
of & CHI

m ELDERLY

- A

2 S
ACTUAL TEMPORAL QUARTER

A

57



58

subject group (controls vs CHI patients vs elderly)
instructions (Informed vs Uninformed) and quarter of the
list (1, 2, 3, or 4) were the main effects (see

Appendices 6 and 7).

Averaged scores analysis. The main effect for
subject group was not significant in this analysis. In
‘contrast, the instruction effect was significant (E (1,
72) = 42.23, »n < .001). Judgement in the initial
uninformed condition was more accurate than in the
subsecquent informed condition.

A nain effect for cuarter emerged (E (3,216) =
29.07, p < .0N01), indicating that averaged
cuarter-presented judgnents increased with the actual
recency of cuarter presentation.

A post-hoc analysis using contrasts indicates that
the effect emerges mostly from differences in judged
recency of items presented in the first two cquarters of
the list compaired with items from the last two (P
(1,216) = 62.91, o < .001). However, the increase from
first to second quarter and the third to fourth also
appeared as a significant contributor (£ (1, 216) =
21.68, p < .001).

A quarter by group interaction also emerged in

analysis of the averaged scores (E (6, 216) = 2.76, b
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< .02). A post-hoc analysis using contrasts suggest that
the control group differs from the CHI and elderly groups
in their change in judgment from first gwo quarters to
the last two quarters. The controls show more increase
Erom the first half to the éecond half than the other two

groups.

Absolute deviation scores analvsis. In contrast

to the averaged scores analvsis, this analysis clearly
distinguished the groups (F (2, 72) = 6.86, p <

.002). A post-hoc analyéis using contrasts indicates
that the significant group effect is not due to the
difiference between the CliI and eldérly groups, but to the
difference between these two groups and the control
group. The instruction effect was not significant in the
absolute deviations analvsis which means that the
instructions did not influence the disversion of temporal
judgments for words presented in a particular quarter.
The significant effect of cuarters in the absolute
deviation analysis (F (3, 216) = 39.99, n < .001)
indicates that the disperion of a subject's cquarter
judgments around the true quarter presented is not ecual
in all quarters. The interaction of quarter by group was
also significant (® (6, 218) = 2.76, p < .02). A

post-hoc analvsis using contrasts revealed that controls
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differ from the other two groups mostly by making more
accurate judgments in the first and last guarters.

A post-hoc analysis using contrasts revealed that
significant effect emerged mostly because of the
difference between the middle (quarters 2 and 3) and the
ends (qguarters 1 and 4) of the list. The subjects made
many more errors judaing words that appeared at the
beginning or end, and significantly less on words fron
the center of the list. The drop in the magnitude of the
absolute deviaticn {rom quarter one to two, and the
increase féom cuarter three to four, also contributed
significantly to the overall effect. The comparison of
the first two quarters and the second two quarters was

not significant.

Corrected absolute deviation scores analfsis.
Corrected absolute deviation scores were computed for the
temporal task in the same manner as the frequency task.
VThen the actual gquarter was either 1 or 4, the absolute
deviation for a chance performance was 1.5. When the
actual cuarter was either 2 or 3, the ansolute deviation
expected in a chance performance was 1.0. Since six
words were used in the temporal task, the exwected
absolute deviations sum for all words presented in

guarters 1 or 4 in a chance performance was 4, and for
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all words presented in quarters 2 or 3, it was 6. The
corrected absolute deviation scores were computed
accordingly. Figure 1l represents these scores as a
function of actual quarter.

An analysis of variance with the same factors used
in the uncorrected ahsolute deviation analysis, was
rerformed on the corrected ahszolute deviation scores.

The results of this analysis are almost identical to the
original absolute deviation analysis (e.y., groupn and
cuarter nain eifects and tne interactions of qﬁarter by
groun and information by cuarter all remain

significant). The only differences are the magnitude of
the cuarter main effect., After the correction, the
cuarter effect drovped from T (2, 216) = 39.99, n <

0001 to E(3, 216) = 3.34, n < .02 (see appendix 2).

This change suggests that »art of the guarter effect in
the original absolute deviation was an artifact. However

even after correction, this factor remains significant.

Snatial T.ocation Tazks

Since the procedure for this task was different in
the two ecuperiments; the results are presented
separately.

Tuperiment 1A, The subjects (20 control and 20




Figurell

Performance on Temporal Judgment Task for the Three
Groups of Subjects Using Corrected Absolute Deviation

Scores Data in the Not Informed and Infofmed Conditions.
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CHI patients) were presented with 24 words, six from each
quarter of the list. They had to indicate in which
spatial quadrant each word was originally presented. The
results are presented in Table 2.

The number of correct responses was analyzed using a
two-way analyses of variance in which subject group
(control vs CHI patients), and.instructions (informed vs
uninformed) were the main effects (see Appendix ). The
group effect was the only significant result obtained in
this analysis (£ (1, 38) = 3.93, np < .05). Controls
judged the spatial position more accurately than CHI
patients. Floor effects did not apear in this
experiment. The performance of the CHI patients was
significatly better than chance (25%) in both the
uninforned (£ (1, 19 ) = 2.59, p < .01), and the

.informed condition (t (1, 19) = 2.40, p < .05).

Pxnerinent 1R. In this spatial task subjects (25

control, 25 CHI patients and 25 elderly) were presented
at the testing phase with a word in the cquadrant in which
it vas originally presented and in the cquadrant diagonal
to it, so chance performance in this experiment is 50%,.
The results are presented in Table 3.

An analysis of variance similar to the one used for

the previous spatial task was performed, except that
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three groupns were compaired: controls, CHI patients, and
elderly (see Appendix 10). MNeither the two main effects
(group and instructions) nor their interaction were
significant. Except for the groupr of elderly subjects in
the uninformed condition, all groups in both instruction
conditions significantly exceeded chance level of

performance.
In summary:

Frequency task. In using an averaged scores

analysis, no group effect emerged. However in the
absolute deviations analysis, scores of the young control
group were clearly distinguishable from both the CHI
group and the elderly qroup. AMAll groucs showed
sensitivity to the actual frequency, and tended to make
more errors witih the increase of the actual frequency.
Paradoxically, subjects did better in the uninforrned
condiition than in the informed condition. Tais effect
was detected by the absolute deviation analysis, but not

by the averaged score analysis.

~

Tenporal tack. The CHI group dic¢ not differ from
the control group in the first version of the task, which
recuired a relative primacy judgment (two alternatives).

The task was difficult for both groups. (lith the



exception of the control group in the uninformed
condition, performance did not exceed chance
statistically.

In the second version of the task when the correct
quarter had to be judged (four alternatives), the results
of the averaged scores analvsis did not differentiate
amon¢g the groups: Rowvever, absclute deviation scores
showed clearly that the young control group were more
accurate in their judgment than the CHI and the elderly
groups, which did not differ from each other. 1In this
regard the temporal judgments were simila: to th?
frequency of occurrence judgments. The information
effect was significant with the averaced scores analysis
out not with the absolute deviations analysis. Hore.
errors in judgment were made by all groups L[or words
presented at the beginning and the end of the list, and

this was the place where the groups differed the most.

Spatial task. The control group did better than

the CHY group when the original cuadrant had to be
indicated (four alternetives). Infornation about the
nature df'the task did not have an effect. In the second
version of the spatial task, when the subject was
recquired to select the original cuadrant out of two

alternatives, no group or information effect was



detected, even though all groups except the elderly in the
uninformed condition performed better than chance.

Both the temporal and spatial tasks had two versions:
one in which the subjects had two alternatives and another
in which the subjects had four alternatives to choose from.
Whenever the subjects were presented with two alternatives,
group differences were not present. When they had four al-
ternatives to choose amoné, group differences emerged in
both temporal and spatial judgment tasks. The implications

of this observation will be discussed in the next section.

Correlation Among the Judament ‘Tagks - -

This exéérimental désign, in which each subject was
tested under informed and uninformed conditions on the three
different tasks allows within;subject comparisons between
tasks which are not possible in most prior studies of this
type, because they typically presented each subject with
only a single judgment task.

Table 4 presenté the correlation of the subjects' per-
formance under the two instructional conditions: informed
and uninformed. Each group showed'a different pattern of
relations@ip between the informed and uninformed conditions.
None of the correlations reached significance in the control
group. The correlation in spatial judgment is significant

in the CHI group, and the temporal judgment correlation is

significant in the elderly group.

[



Table 4 Intercorrelations Between Informed and Not Informed

and Coptrol Groups
Groups

Judgment

Tasks Control CHI Elderly
Frequency .283 .249 «502%%
Temporal .291 .087.  .203
spatial” - .315 .355%  ,203

*p < .05.

**p < .01.

~



Table 5 presents the correlations between pairs of the
judgment tasks across the four possible pairings of the two
information conditions. In general these reiationships were
positive, though not particularly strong. Judgments of
frequency of occurrence and judgments of spatial location
appear to be the mdst consistently related. Frequency of
occurrence and temporal location judgments were also consis-
tently related in the young controls and CHI subjects, but
not in the elderly. Spatial and temporal performance was
generally less strongly related, despite the fact that in
the NI/NI and.I/I instructional combinations, the same words

were used for temporal and spatial tests.

Correlations Between the Automatic and Effortful Tasks
in_the CHI Group

The Hasher and Zacks model predicts a minimal relation-
ship between measures of effortful and automatic measures.
They suggest that effortful tasks are dependent upén and in-
fluenced by subject variables like age, mental status,
intelligence, etc., while automatic tasks are unaffected by
these factors.

Varigus neuropsychological tests scores were available
from the intake evaluation of the CHI subjects. These tests
include different memory tests and some general intelligence

scores. Table 6 lists these tests and shows how they
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v nforned

d_ (%

Condgitions for CHI, Elderlv and Control Groups

“Judgnent Instructions
Tasks iL/nT /1 "/ 1/¥I
Control
F/S A19% .304 .033 .330%
T/S 314 277 .. 001 .076
T)? S506%% +303 .238 .2356
CHI
F/S 156 .312 .397% .333%
- T/8 .390% 045 233 .197
T/F L410%* .114 . 237 .282
mliderly
/8 .650%% JSL1%% .281 < 3A9%%
/S .016 .213 .218 .1G62
m/F -.016 ~-.256 .140 .0072

*u<.

05.

**n<,.01.
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and Rifortful Tests for the CHI Group

Effortful . Judanent Tasks
Tests Fragquency Tengoral Spatial

L T AT I i I
Benton (VRT)  .405%* 115  .366*% .097  .286  .176
1HS-Lil .347%% 232 ,353% 151  .094  ,117
HIS-AL .218  .086 =-.004 .093 ~-.149 -,031
LAVE (match)  .784%% —.099 .272 .121  .320  .432%%
LAVA (memory) .420%  .093 .04l  .344  .092  .460%
UAIS-R PTO .251%  ,035  .277 -.047  .286%  ,347*
AIS-R VIQ .127  .120 .023 -.179  .145 -.068S
Rey (recog.)  .425  .83G*% ,195 .159 =-.276  .500%
Rey (1 to 5)  .595%* ,301 .373 .121  .505%** 314
Rey (2-1) -.360* -,032 .330 .053 -.392 ~-.334
Rey (5-1) .564%*% 210  .057  .178 LA72% ,290

*1¢,05. **p<.0l.



correlate with the three experimental tasks.

The Performance IQ (PIQ) from the WAIS-R (Wechsler,
1981) was not related to the temporal task, but sig-
nificantly related to the frequency task in the not informed
condition and to the spatial task in both conditions. The
Vefbal IQ (VIQ) from the WAIS-R and paired associate learn-
ing (AL) subtest from the Wechsler Memory Scale (Wechsler,
1945) seem not to be related to any task. The Logical
Memory (LM) subtest of the Wechsler Memory Scale (WMS) is
significantly related to the frequency and temporal task in
the not 1nformed condition. ‘\ .

. The LAVA (Lateral Asymmetries Vlsual Attentlon) percep-
tual recognition task involves encoding unfamiliar figures
and then selecting the target from six alternatives. There
are two administration procedures. 1In the match-proceduré,
the target figure is present when the six alternatives are
‘given. In the memory administration, the target figure is
not present when the six alternatives are presented
(Piasetsky, 1981). Performance on this task was related to
the frequency not informed and spatial informed tasks.

Four different scores were computed from the Rey AVALT
(Auditory Verbal Learning Test) (Lezak, 1983) data to
reflect the learning abilities of the subjects. Rey 1l to 5
is the sum of all words recalled in the acquisition stage

(trials one to five). Rey (2-1) reflects the gain between



the first to the second trial, and Rey (5-1) reflects the
gain between the first and fifth trial. Rey (recognition)
reflects performance on the final recognition phase of the
procedure. Rey (1 to 5), Rey (2-1), and Rey (5-1) all
correlated significantly with the frequency and spatial task
in the uninformed condition. The Rey recognition scores
correlated significantly with the scores on the frequency
and spatial scores in the informed condition.

The Benton Visual Retention Test (BVRT), (Benton, 1974)
test is significantly related to the frequency and temporal
tasks in the not informed condition. .

' dvérail,”the frequehcy task seeﬁs to be most closeiy
related to the effortful tasks (nine significant correla-
tions out of 22, eight of them with the not informed condi-
tion and one with the informed condition. The spatial task
had seven correlations which reached significance, four in
the informed and three in the not informed condition.The
‘temporal task seems to be the least related to the effortful
tasks. Only two correlations reached significance, both in

the not informed condition.



" Discussion

The primary objective of this research was to inves-
tigate the performance of CHI patients on three judgmental
tasks: frequency of occurrence, temporal order, and spatial
location. According_to Hasher and Zacks (1979), these tasks
tap the "innate" type of automatic memory funcﬁion, and are
not influenced by subject variables such as mental status,
age, and intelligence.

The CHI patients were a particularly interesting group
'to-tést since.they commonly exhibit memory impairment
(Brooks, 1978). Since innate automatic processes can also
be described as "prewired," Hasher and Zacks' model may not
be appropriate for this population whose "wiring" has been
damaged. Hashef and Zacks (1979) raise the possibility that
head injured patients might exhibit impairments in these
'automatic processes,

A group of elderly subjects was included for two
reasons. Since some of the studies of automatic tasks have
used elderly subjects, this allowed a comparison of the
results obtained in this experiment to similar ones in tpe
literature. Second, the elderly are also known to have
memory deficits (Burke & Light, 198l1). Comparison of the
elderly and the CHI subjects enabled determination of



whether the pattern of performance impairments is the same
for these two groups.

This experiment was deéigned to allow the comparison of
results on the three automatic tasks, under uninformed and
informed conditions, within the same subjedts. Thus, the
sécond objective of this experiment was to study the
relationships between the three automatic tasks under dif-
ferent instruction conditions.

The averaged scores analysis used by Hasher and Zacks
does not take into account the variability of a subject's
responses. An alternative method of analysis developed here .
- is based oﬁ absolute- deviation écoies, which measure the
deviation of each answer from the correct judgment. The
third objective was to compare the results of these two dif-
ferent analysis procedures.

The hypothesis that there would be no group differences
-in the performance on the three judgment tasks, was rejected
in most cases. In the judgment of frequency of occurrence,
the averaged scores analysis supported the hygothesis of no
group differences, but the absolute deviation analysis
revealed clear differences between groups. These dif-
ferences remained even after correcting absolute deviation
scores for guessing. The control group made fewer errors
than the CHI and elderly groups, which did not differ from

each other.

-~



In the temporal order task, which required relative
primacy judgments, no group difference emerged between the
control and CHI groups. This finding also cannot be inter-
prgted as supporting the hypothesis of no group difference,
since both CHI and young control groups did not perform sig-
nificantly above chance. 1In the second temporal task, when
the subjects had to judge in which quarter each word was
presented, the pattern of results was the same as in the
frequency task. Averaged scores analysis did not differen-
tiate between the groups, but the absolute deviation scores
analysis revealed a clear group gfﬁect. This group dif-

- ference alsq emérged‘whén corrected absolute deviation
scores were analyzed. Again, the control group performed
more accurately than the CHI and the elderly groups, which
did not differ significantly from each other.

In examining subjects' absolute deviation scores for
‘temporal order, we found that all groups were less accurate
in judgments for words occurring in the first and fourth
quadrants. Purther analysis revealed that correcting these
data for "chance" performance reduced the interquarter dif-
ferences substantially. Yet, these findings remain puzzling
in that subjects would be expected to be more accurate in |
correctly judging words which occurred in the fourth gquad-
rant owing to a recency effect. A plausible explanation for

this is that since one-half of the subjects were tested for
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temporal order after being tested for frequency, recency ef-
fect for temporal order in these subjects would be
abolished. Such an effect, however, would be expected for
the remaining subjects who were tested for temporal order
immediately following acquisition. The group as a whole,
therefore, would not evidence a distinct recency effect.
Further analysis will be needed to verify that this is in
fact the case.

In the first spatial location task, in which the sub-
jects were asked to judge in which quadrant each word was
originally presented, group differences also emerged, again
'contrary to the hypothesis drawn from the Hasher and Zacks
model. In the second version of the spatial experiment,
when only two alternatives were presented, all groups
exceeded chance level, but the groups did not.differ sig-
nificantly from each other. This finding supports the
hypothesis that no group differences exist.

Thus, group differences emerged for each of the three
tasks tested, if the correct analysié was performed
(absolute deviation scores analysis in the case of frequency
and temporal tasks), or when four alternatives instead of
two were presented in the temporal and spatial tasks.

In regards to the relationship between judgment tasks,
the intracorrelations and intercorrelations suggest that

some consistent individual differences do exist, contrary to



the prediction from the Hasher and Zacks model. In terms of
performance, the CHI and elderly groups were not
distinguishable, but when inter—fask correlations were
examined, clear differences between the CHI and the elderly
groups emerged. ,

The second hypothesis, that informing the subjects
about the nature of the task should not have an effect,
received qualified support. One way of looking at the ef-
fect of instruction is by comparing the level of performance
in the two conditions, informed and uninformed. 1In the case
of f;equency jgdgment the averaged scores analysis rgvealgd
‘no information effect.  In contrast, the absolute deviation
scores analysis showed unexpectedly that under the unin-
formed condition subjects weré more accurate in their judg-
ment than under the informed condition.

In the first temporal task (primacy judgment), instruc-
tions had no significant effect, but this may result from
the generally low performance levels in this task. 1In the
second version of this task, when the correct quarter had to
be identified, the instruction effect was significant, this
time in the averaged scores analysis. Again, subjects
judged the correct quarter more accurately in the uninformed
condition. The absolute deviations analysis revealed po'
significant instruction effect, which means that being in-

formed about the task did not have an effect on the



dispersion of judgments of each subject.

The performance of the subjects on the two spatial
tasks supported the hypothesis that practice and prior in-
formation does not improve the efficiency of these memory
functions. In the first experiment (with four alternative
answers) even with a significant group effect, no instruc-
tion effect was found. 1In the second experiment (with two
alternatives) neither group, nor instruction effect were
obtained.

In some cases the instruction effect emerged, in others
it did not. Whenever .it did, it surprisingly demonstrated a
'disaavantage 6f thie informed version over the uninformed
condition. A possible'explanation is that in the informed’
version of the experiment, the subject tried to prepére
simultaneously for three different recognition tasks. This
may have induced the adoption of inappropriate memorizing
strategies. If the information tapped by the three tasks is
encoded automatically, as the Hasher and Zacks model
proposed, then even a simultaneous effortful task should not
interfere. However, more direct tests of the instruction
effect in studies requiring only a single kind of judgment
almost invariably fail to demonstrate instruction effects
(Hasher & Zacks, 1979).

Another explanation is that‘the paradoxically negative

effects of being informed about the specific memory tests



experiment presented the subjects with two alternatives,
they disappeared. 1In the case of temporal judgment, this
may have been due to a floor effect.

Future experiments might reduce the frequency of occur-
rence judgments to two choices and to determine if that will
eliminate the group effect in this task as well. More re-
search is also needed to determine whether testing with
three different tasks may have masked the benefit that the
subjects obtain from information about the nature of the

task.
What do these results suggest about the value of the

- automatic/effortful dichotomy? The distlnction may be a

useful one, but the extreme version presented by Hasher and
Zacks was mostly not supported in this research. Ou the
other hand, the results of this research do not contradict
in any way Shiffrin and Schneider's (1977) definition of
automaticity, which makes no claims about the presence or
absence 'of individual differences.

It is, of course, impossible to create a task which in-
volved only automatic or effortful processes. It is pos-
sible then that Hasher and Zacks are correct in their as-
suuption.that automatic processes remain intact after head
injury. The deficiencies observed on these tasks may
reflect the effortful components involved in each of the

judgment tasks. This interpretation is also compatible with



that there are very consistent individual differences within
the groups, which again is not predicted by the Hasher and
Zacks model. It is important to note that Hasher and Zacks
(1979) tested the hypothesis of lack of individual dif-
ferences by making between-~group comparisons (e.g., young
versus elderly subjects).

On the other hand, some of the findings are in agrée—
ment with the model. The'finding that instruction failed to
improve performance seems to support the modei. Despite
group differences, even the CHI and elderly groups ap-
parently encoded information under ghe uninformed condition,
.one'of'the'dritefia of automaticity. All groups showed sen-
sitivity to Ehe actual frequency presented, and when the
controls performed better than chance in the temporal and
spatial tasks, the CHI and elderly usually performed better
as well.

Previous studies which detected group differences be-
fween young and old normals attributed the effect to a
response bias. Once the response bias was eliminated,
either by procedural change or by score correction, the
group difference disappeared (Attig, 1983; McCormack, 1981).
One of the ways that Attig (1983) suggested for eliminéting
response bias is to reduce the number of alternative
choices. 1In this exéeriment, when four alternatives were

presented, group differences were evident; but when the



experiment presented the subjects with two alternatives,
they disappeared. 1In the case of temporal judgment, this
may have been due to a floor effect.

Future experiments might reduce the frequency of occur-
rence judgments to two choices ahd to determine if that will
eliminate the group effect in this task as well. More re-
search is also needed to determine_whether testing with
three different tasks may have masked the benefit that the
subjects obtain from information about the nature of the
task.

What do these results suggest about the value of the

'automatlc/effortful dlchotomy? The dlstlnctlon may be ‘a
useful one, but the extreme version presented by Hasher and
Zacks was mostly not supported in this research. On the
other hand, the results of this research do not contradict
'in any way Shiffrin and Schneider's (1977) definition of |
automaticity, which makes no claims about the presence or
ebsence of individual differences.

It is, of course, impossible to create a task which in-
volved only automatic or effortful processes. It is pos-
sible tﬁen that Hasher and Zacks are correct in their as-
sumption that automatic processes remain intact after head
injury. The deficiencies observed on these tasks may
reflect the effortful components involved in each of the

judgment tasks. This interpretation is. also compatible with
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the significant correlations between the judgment tasks in
this experiment, as well as the correlations between these
tasks and the conventional memory measures which were ob-
served in the CHI group. |

Finally, thevresults of this experiment raise questions
concerning whether it is justified to consider Hasher and
Zacks' theory a coherent model or simply a collection of in-
Qgpendently.verifiable hypotheses. Depending on the judg-
ment task and analytical procedure used, some of these
criteria were supported, and others were not. More research
1s needed to determine precisely the empirical relationshlp
among these criteria. The use of other types of stlmull,
such as pictures, may reveal a different pattern of results.
For example, Grober (1970) has shown that aphasics have ex-
cellent memory for the spatial location of pictorial
stimuli,

The design used in this experiment is potentially a
powerful diagnostic tool. Since three memory functions are
measured simultaneously, the level of performance on each
can be compared with a single individual.

Recent studies with humans and animals suggest that
specific memory impairments result from particular lesions
in the brain. Smith and Milner (1981) showed that lesions
to the right hippocampus causes selective impairment in the

encoding of spatial location information. Mishkin (1982)
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showed that lesions to the amygdala of monkeys causes im-
pairment to the encoding of temporal order, whereas hip-
pocampal lesions cause defects in cross-model matching.
Subjects with localized brain lesions may be impaired on one
automatic function, but not the others. With this task, it
may be possible to specify the brain areas controlling each

of these functions.



Avpendix 1

Experiment 1A and 1R combined: Analysis of

variance sumnary table for the averaged

scores on the frequency judgment task

(3 x 2 x 5 mixed-design)

Source sS af
Group (G) 9.19 2
Error 174.97 112
Instructions (I) 1.65 1
I XG 0.85 2
mrror - - 62.69 112
- Frequency (F) 520.24 ‘4
F X G 23.48 8
Error 152.66 448
IXPF 4.54 4
IXPFPXG 0.69 8
. Brror 97.17 448

MS
4.59
1.56
1.65
0.43
0.56
130.06
2.93
0.34
1.14
0.09
0.22

E
2.94

2.96
0.76
381.69
8.61
5.23
0.40

4
0.06

0.09
0.47

0.00
0.00:

6.00
0.92
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o
s“xperiments 1A and 1B combined: Analysis of
variance sunnary table for the absolute
ceviation scores on the frequency judgment task

(3 x 2 x 5 mixed-design)

Source S8 af jubs} E B .
Group (G) 352.89 2 176.44 15.19 0.00
Error 1301.21 112 11.62 -~ -
Instruction(I) 33.97 1 33.97 5.0 0.27
IXG 0.79 2  0.40 0.06 0.94
Error 755.38 112 6.74 - -
?requency(F) 2552.57: 4 ‘688.14 75.43 0.00
F k G 83.56 8 10.45 1.15 0.34
Error 4087.27 448 9.12 - -
IXF 58.86 4 14.72 2.39 0.10
IXFXG 4.48 8 0.56 0.09 1.00

Error 2761.76 448 6.16 - -

-
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Anpendix 3

Experiments 1A and 1B combined: Analysis of
variance summary tabe for the corrected absolute
deviation scores for the frequency judgment task

(3 x 2 x 5 mixed-design)

Source 55 a&f  us E P
Group (G) 8.08 2 4.04 16.60  0.00
Error 27.26 112 0.24 - -
Instruction(I)0.50 1 0.50 3.58 0.06
IXG 0.02 2 0.01 0.07 0.93
Prror, 15.58 112 0.14 - -
Ffeqdéncy(?) 47,74 4 i1}93 66.52 0.00
FXG 1.07 8 0.13 0.75 0.65
Error 80.38 . 448  0.18 N
IXF 1.16 4  0.29 2.38  0.08
IXFXG 0.11 8 0.14 0.11 1.00

Brror 54.78 448 0.12 - -



Annencix A
Zxweriment 1A and 1R combined: Analysis of
variance sumnary table for the frequency
judgment in each quarter of the list

(3 x 2 % 4 mixed-design)

source SS af HS E

Group (G) 9.09 2 4.54 2.72
Error 187.27 112 1.67 -
Instructions(I) 1.62 1 1.62 2.75
IXG 1.78 2 0.89 1.51
Error . 65.99 112  0.59 -
Quarter (Q) 3.14 3 1.05 3.05
0XG 5.41 6 0.90 2.62
Error 115.41 336 0.34 -
IXn 11.97 3 3.99 11.32
IXOQOXG 3.71 6 0.62 1.75

Error 118.42 336 0.35 -

0.07

0.10
0.23

0.03
0.02

0.00
0.11

90
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Experiment 1A: Analysis of variance summary table

for the temporal judgment task with two

alternatives (2 x 2 mixed-design)

sSource SS
Group (G) 0.00
Brror - ©1.00

Instruction(I) 0.00

IXG 0.00

Brror 1.07

daf
1

38

38

s

0.00
0.03
0.00
0.00

1.07

E
0.13

0.10
0.01

0.72

0.76
0.91
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Aovendig 6
Exveriment 1E: Analysis of variance summary table
for the averaged scores on the temporal judgment

task with four alternatives (3 x 2 x 4

mixed-design)

Source } S8 af Hs B 2

Group (G) 1.60 2 0.80 1.79 0.17
Error 32.08 72 0.45 - -

Instruction(I)8.40 1 8.40 42.23 0.00
I XG 0.80 2 0.40 2.00 0.14
Error . 14.32 72 . 0.20 - --

Quarter (Q) 17.06 3 5.69 29.07 0.00
0« 5.66 6 0.94 4.82 0.00
Brror 42.24 216 0.20 -- -

IXQ 6.67 3 0.22 1.34 0.26
IXQXG - 0.67 6 0.1l 0.67 0.68

Brror 36.07 216 0.17 - -




Appendix 7
Experiment 1R: Analysis of variance summary table
.for the averaged scores on the temporal judgment

task with four alternatives (3 x 2 x 4

ﬁixed-design)

Source S8 af NS E 2
Group (G) 91.86 2 45.93 6.86 0.00
Brror 482.13 72 6.70 ~ -
Instruction (I) 6.20 1 6.20 1.41 0.24
I XG 6.62 2 3.31 0.75 0.47
Error 316.05: 72 - 4.39 - -
Qu;rter (Q) 893.57 3 297.86 39.99 " 0.00
QXG 123.43 6 20.57 2.76 0.01
Error - 1608.63 216 7.45 - -
IXO0 133.38 3 44.46 10.18 0.00
IXQOXG 21.74 6 3.62  0.83 0.55

Error 943.51 46 4.37 - -
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Experihent 1R: Analysis of variance surmary table
for the corrected absolute deviation scores on the
temporal judgment task with four alternatives

(3 x 2 x 4 mixed-design)

Source ss df MS E P
Group (G) 1.18 2 0.59 5.16 0.0l
Error 8.20 72 0.11 - -
Instruction(I)0.01 1 0.01 1.37 0.25
IXG 0.17 2 0.08  1.17 0.32
Error . 5.16 72 0.07 - L
Quarter (0)  1.28 3 0.43  3.54  0.02
0XG 1.81 6 0.30  2.50 0.03
Error 26.08 216  0.12 - -
I X0 1.88 3 0.63 8.06 0.00
IXQXG 0.56 6 0.09 1.21 0.30

Brror 16.77 216 0.08 - -
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D dix 9
Experiment 1A: Analysis of variance summary table
for the spatial judgment task with four

alternatives (2 x 2 mixed-design)

Source SS 4af MS E P

Group (G) 0.05 1 0.05 3.93  0.05

Error 0.52 38 0.01 - -

Instruction(I) 0.01 1  0.01  0.43  0.52

IXG 0.01 1 0.01 1.04 0.31

Error 0.47 38 0.01 e -
Appendix 10

Experiment 1B: Analysis of variance summary table
for the spatial judgment task with two

alternatives (3 x 2 mixed-design)

Source SS atf MS E 2

Group 0.07 2 0.04 1.74 0.18
Error 1.54 72 0.02 - -
Instructions 0.00 1 0.00 0.23 0.63
IXG 0.02 2 0.01 0.70 0.50

" Error 0.84 72  0.01 - -
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