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Abstract

THE EFFECTS OF BRAIN STEM
COMPRESSION ON ATTENTION AND MEMQORY
by
Rena Matison Greenblatt
Adviser: Professor Jeffrey Rosaen

This thesis evaluated attention and memory in 26
patients with posterior fossa tumors cf varying aizes. It
was hypothesized that compreasion of brain stem structures
~--gpecitically, of the reticular activating system-- by
large tumcrs would lead to i1mpairmenta in attention and
memory.

Paychometric and behavioral measures were administered
to the patients firat pre-coperatively and then five to seven
montha after the aurgical removal of the tumor. Since tumor
slze was expected to play a significant role, the patienta
were divided into a small tumor group and a large tumor
group. Control subjects were alaso avaluated 1n order to
asseasa practice affects.

Three competing hypotheses wera exploread. Firat, the
tumor impairs auditory-perceptual proceasing and
consaquently the encoding of information: aacond, brain astem
compression from large tumoras affects only the memory

processes, without affecting perceptual or attentional



functioning: and third, brain atem compregssion interfereas
with both the attention and the memory processes.

The results supported the third hypothe=sia that both
attention and memory are affected; suditory-perceptual
procesaing was not found to be 1mpalired for either patient
Jroup. The large tumor group’a pre-operative pertformance on
measures cf attention and memory was significantly worse
than that of both the amall tumor group and the controia.
Moreover, of the three groupa, only the large tumor qroup
showed aignificant improvement post-operatively on measures
of theae functiona. This suggeats that it was the
compreasion of the brain stem --not tiasue damage-- that ledgd
to the cognitive deficits. Had the deficits been caused by
tissue damage, the impairments wouid have been permanent.

Of the astandard psychological models examined in this
thesia, the "“controlled veraus automatic procesaing’” model
was found to be most consistent with the current findings.
Contrelled versus automatic processing purporta that there
ia a limited capacity available for attention. Based on the
current findinga, those taskas that showed pre-operative
impairment and post-opeaerative improvement require consacious
effort for retrieval of a span of i1nformaticon. Since there
is a limited attLentional capacity, these tasks are most
sensaitive to an impairment. Future research 1s discussed 1n
which the effect of apan of information on attentional

capacity could be assessed.
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Pret a-a

“hi13 theai1s examinea the poasible effects of posterior
fossa tumors on attention and memory functions. These
tumors are located 1n the cerebellopontine angle. By
compreassing against the brain stem, a tumcr may 1nterfere
with the reticuiar activating aystem {(RAS), a network ot
neurons that has been asscociated with attention and memory
(3loch, 13703, and thereby impair these processes.

Moreover, 1f the tumor compresses the auditory pathwaysa, 1t
mijht alao affect the auditory-perceptual function. An
in-depth study of the effects of posterior fossa tumors
hefore and after surgery contributeas to the
neuropaychologiat’as understanding of the correlations both
between cognitive processes and different brain regions and
between attention, memory and auditory perception.

Three competing hypotheses are explored 1in this thesia:
firat, brain stem compression impairs auditory-perceptua.l
procesalng and consequently the encoding of information, the
initial stage of memory; second, brain stem compreassion only
affecta the memory procesaa, without affecting perceptual or
attentional functiona; and third, brain atem compress.ion
interferea with both the attention and the memory
processes.

To teast these hypotheaea, 1 evaluated twenty-aix
patients afflicted with posterior fossa tumors on a battery

of psychometric and neuropsychological measuresa. The
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majority of these patients were then evaluated five to seven
monthas after the surgical removal of the tumor. Among the
neuropsychological testsa selected for thia research were the
Continucous Performance Test, the Selective Reminding Test
and the Viaual Retention Test--all of them valid measures
for assesaing attention, memory or perception. Also chosen
was & psychometric test, the Wachsler Adult Intelligence
Scale, becauszse 1t not cnly meaaures general intelligence but
alao 1a comprised of aubteatas that have been shown to assess
attention and memory. For each test, the patient’s
performance was compared tu that of control subj)ects and
evaluated in relation to two independent variablea: the =s:ize
of the tumor and & measure of interpeak latency from the
brain stem auditory avoked potaential.

Since the majority of patients performad normally on
teats of auditory perception, the findings do not support
the firast hypothesis--that posterior fossa tumora affect
auditory-perceptual processing and conseguently the encoding
of informatian. Howaver, patients with tumora exceeding two
centimeters did evidence attention and memory dysfunctions.
Since many of these patients scored low on testa of memory
a3 well aa on the Continuoua Performance Test, a measure of
attention, it seems clear that memory was not affected
independently of attention. These findinga auggeat that
only the third hypothesis is valid--specifically, that a

posterior fossa tumor large enough to compress against the



brain stem affects both attention and memory.

My research aupports the results of past astudiea that
asgsociated the brain stem RAS with both attention and
memory--moat conclusively with alertness and memory
conaclidation (Bloch, 1970). In my findings, this
asacociation 18 evidenced by the large tumor groups’sa low
performance both on the Continuous Performance Test, which
measures alertneaas, and on the Selective Reminding Test,
which assesses memory consclidation.

Given the avident connectjon betwean attention and
memory, the reaults of my research were evaluated within the
context of atandard paychological models that addreas the
relationship between these procesaseaes. In one model, called
“"controlled veraua automatic processing,” the link between
memory and attention is addressed in a comprehenaive study
of the three different kinds of attention, as delineated by
Posnar (1975): selective attention, alertness arnd conscious
affort. The diatinction between controlled and automatic
proceasaing ias baaed on the preasencea or absence of conacious
effort! while controlled procesaing raequires deliberate
attention to a task in order for the information to be
encoded and conaclidated in long-term memory, automatic
proceassing requirea no voluntary attention for encoding to
occur. In a second model, called "levels of proceasaing,’” it
is postulated that there are two atages in the encoding of

information. Firat, information is encoded auperficially aa



the liatener receives only the smallest unita of apeech
(phonemaa), auch as the “p” in “pin."* Then, the
information is procesaed at a desper lavel and consclidated
1in memory as the listener translates the sounda into
meaning.

The firast model, contreolled versus automatic
procesaing, helpa demonstrata the aassociation between
attention and memory, thereby showing why a tumor cannot
affect one process without affecting the other. Sharpless
and Jaaper (1956) take tha analysia of attention one atep
further by differentiating between two kinds of
alertnesa:"“tonic and "“phasic.” Tonic alertness refers to
the various levals of arcousal that a peracon maintains
throughout the day--the difference bhetween waking and
sleeping, for example. Phasic alertness refaears to momentary
fluctuations in attention, auch ass the asudden increase in
alertness caused by the ringing of a telephona.

Previous studies have related controlled and automatic
processing to long-term and short-term memory, respectively.

These studies have shown that controlled processing, which
requires conscious effort, is neceasary in order for
information to be consolidated in long-term memory. In
cantrast, automatic processing, which does not require
conacious effort, is asufficient for storage in and retriavai
from short-term memory. Like controlled procesaing, phasic

alertness requires conscicus affort and may therefore be



associated with long-term memory aa well, In contreat,
tonic alertneas, like automatic processing, does not require
conscious effort and may therafore be associated with
short-term memrory. It is the type of processing, then, that
definea the connection between attention and memory and
determines whether i1nformation is consolidated in long- or
short-term memory.

The models described above are alac useful for
exploring the relationahips between the different processes
that comprise attention and memory. For inatance, a lowared
level of alertnesa, a kind of attention, will limit the
anpncunt of available conacious effort, another kind of
attention. Because consecious effort has been shown to be
necessary for memrmory conacglidation, such a decreaae would
mean that information could only be processed at a
auperficial leveal, not conaolidated in long-term menory.
Indeed, a decreased level of alertnesa, which can result
from a posterior fossa tumor compressing againast the brain
stem, may aexplain why the patients with large tumors acored
low on a teat of memory consolidation.

One of the mosat pertinent aspects of the research
involvad assessing the post-operative recovery for attantion
and memory functions. For sxample, on teats of memory, moat
patienta parformed better after surgery than before.
Pre-operative testing on attention was not extensive enough

to warrant a comparison between pre- and poat-operative



performance. However, many subjects did show attentional
dysfunction after aurgervy. Although seven montha may not
allow for adequate recovery, the impairment of attention
suggeata both that irreveraible damage has cccurred and that
attention is more vulnerable than memory to this type of
insult.

Alaso of import was a final aspect of the study desaigned
to evaluate whether the relationaships between attention and
nemory altered in any way after the removal of the tumor.
The various tests were correlated with one another first
pre-operatively and then post-operatively. Since there were
a greater number of significant correlations between
attantion and memory on pre-coperative taeating, it seems
likely that brain stem compresaion leads to an increasead
dependence between thease cognitive procesaes.

The examination of brain atem compreasion sheds light
on the interrelationships between attention, memory and
perceptual dysfunction. By uaing the models of "contrcoclled
verasus automatic processing’” and "levelas of processing,’ it
is also possible to determine how proceases or stages that
comprise these categorieas are related to one another.
Further, by assaasing which functions improve after surgery
and how the interrelationahips betwean these functions
differ on pre- and post-operative testing, we may bettar
assass the effecta of a malfunctioning system on cognitive

processss.



Compression of the brain stem caused by extramedullary
poaterior fcssa tumors haa been related to impairmenta in
attention and memory (Wilson and Rupp, 1946;
Jedrezejewska-Iwanowaka, 1974). This compresaion leadsa to a
mechanical displacement of the brain stem which can be
obaerved both by radiography and during microaurgery.
Compresaion of the brain stem may affect the functioning of
the brain atem reticular activating system (RAS) which has
bean associated with the processes of both attention and
mnemory {(Jedrezejewska-Iwanowaka, 1374).

This theasis examines the posasible effecta of brain stem
compresasion on attention and memory functiona. Both
explicit models of attention and memory as well aa saome
poasaible interrelationships are explored. Since brain atem
compresaion may affact the auditory pathways, a mechanian
affecting attention and memory may be the impairment in the
early stagea of auditory-perceptual proceasses. This
impairment then could affect both the acquisition and
quality of auditory information. Tha posaibility that
auditory-perceptual deficitas cause attention and memory
deficita as an altaernative or mutually compatible hypothesis
is also aexploread. A second hypothesias is that compresson
may affact memory alone without affecting perceptual or
attentional processas. A third hypothesis is that
compression interferes with both the attention and the

memory processes.



The Relationship of Attention and Memory.

Brain stem cumpression would be expected to have an
effact on brain stem structures that comprise the ascending
reticular formation. Both experimental (e.g. Sokolov, 1963;
Fuster, 1958; Mirsky and Kornetsky, 1964) and clinical
studies (Lansdell and Mirsky, 1964; Fedio and Mirshky, 1969;
Gazzaniga and Hillyard, 1973) implicate the brain &tem
reticular formatiocn in the maintenance of phasic alertness,
momentary fluctuations in attention, typically measured by
fluctuations in the subject’s performance on a vigllance
ta-x such as the continuous performance test (CPT). A
vigilance task measures the ability to sustain attention
ovar a period of time, Dysattention associated with
disrupted functioning at the level of the brain stemn
reticular formation may account for earlier observations of
attention and memory deficits i1n patients with posterior
fossa tumors (Jedrezejewska-Iwanowshka, 1974).

In order to axplore this possibility, attention will
be related to memory processes by examining several models
of cognitive processing. Evidence to asupport the influence
of attention on memory will be compared to and contrasted
with evidence supporting the independence of memory from
attenticonal processes.

Certain models were chosen which address the

relationships between attention and memory. One model,



called “controlled versus automatic processing’” 1s discussed
bacause it addresses the link between attention and memory
by examining a component of attention {(conscious effort) and
its relationship to both long-term and short-term memory.
This model is a "capacity'” model and as such 15 1n the same
cateqgory as Kahneman’'s (1975) model. It may also be
differentiated from models such as those of Broadbent (13971)
or Deutasch and Deutsch (1967) which emphasize seleaective
attention and alertness. Another model, calied "“levels of
processing” 1s discussed because 1t addresses the link
between attention and memory by describing the impact of two
compoients of attention (conecious effort and alertness? on
encoding in memocry. In sddition, the levels of processing
modeal addresses the role of auditory-perceptual processes 1n
memory encoding.

In the dual process theories of information processing
(Shiffrin and Schneider, 1977: LaBerge, 1977), performance
on mamory tasks results from one of two forms of information
processlng: automatic or controlled processing. Controlled
processing 18 alow, serial, effortful and capacity limited
(Fisk and Schneider, 19584). It is voluntary, under direct
subject control, and through the use of controlled
processing, subjects can deal with novel or inconsistent
information. Automatic processing has been characterized as
fast, parallel, and fairly effortless processing. Thesse

distinctions ware 1ntroduced into the literature to account
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for the phenomenon that people are able to learn to
auytomatically procesa certain information and tc react
appropriately depsnding on the context of the aituation.

For exampla, drivers will automatically brake when they
approach a red light. Jince controlled processing
datermines long-term memcory storage, 1t has been predicted
(Fisk and Schnheider, 1984) that stimuli can be automatically
processed with no lasting long-term memory affect. That ia,
although autcmatic processes have access to long-term
memory, automatic processes do not directly cause new
learning of information to be stored in long-term memory.
Howaver, i1f controlled proceases are used 1n order to enabla
the subject to automatically learn a task, then automatic
processes can be said to indirectly modify long-term

memory.

In order to test the predictions relating automatic and
controlled processing to memory modification while
attempting to control for intermittent dysattention, tweo
different experiments were administered to subjects (Fisk
and Schneider, 19843. In the first experiment, subjacts
were required to estimate the frequency of coccurrence of
words under different conditions. Frequency encoding has
been shown to be 1nsensitive to strategy manipulation (e.g.
following explicit instructions about how to carry out the
task?) and practice effects (e.g. practice for improvement in

tha task) (Hasher and Zacks, 1979). The presence of
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controlled processing was manipulated by reguiring the
subject either to attend directly to a word or to digits
that were simultanecously presented tachistoscopically.

The form of controlled processing was varied in several
dirfferent ways which required the subject toc perform
samantic or orthographic judgements about words. In some
conditions, subjects were required to intenticnally learn
the words while 1n other conditicons subjects only had to
identify digits. In fact, 1n one condition subjects were
told that the words were inserted as distractors.
Recognition, defined as the ability to distinguish the old
from the new words, was significantly impaired in the
condition in which subjects 1gnored the words. Fisk and
Schneider (1984) conclude that long-term storage sufficient
for recognition does not occur without conscious attention.
That ias, the effortful, voluntary and conscious aspect of
controlled processing 18 necessary for long-term storage
sufficient for recognition.

In Fisk and Schneider’s (1984) second experiment,
subjects were regquired to proccess words automatically from a
spacified semantic category. Subjects had extensive
pre-training prior to the actual experiment. This training
enabled subjects to maintain their primary task performance,
searching for digits while automatically performing a
category classasification task: responding if a word were from

a particular semantic category. The pre-training consisted
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of requiring a subject to respond in a reaction time
paradigm by pressing a key if a word were from a particular
category. The results showed that there was no long-ternm
atorage of worda when automatic procesaing was employed.
Evidence for this was no frequency learning as measured by
the gsubject’s ability to estimste the frequency oif the
different words. Alsco, thera waa little recognition of words
as aassessed by a forced-choice recognition test.

Not all evidence has supported the necessity of
conacious attention for long-term memory storage (Kellogg,
1380). In Kellogg’s (1980) atudy, subjects were instructed
to perform a multiplication task while pictures of faces
ware presented to which they were instructed not to attend.
The aubject’a ability to perform the multiplication task was
then assesaed in order to ahow that they followed the
inatructiona. The reaulta indicated that performance on the
multiplication task was not impaired and that there was some
long term memory storage of the information that waa not
conaclioualy procesaed--the picturea of facea. However, the
above interpretation is open fto criticism because the
multiplication tasi may not have been a sensitive enough
neasura to indicate the presence of conscious processing of
the pictures. The conscious proceasing of pictures may take
as little as 125 milliseconds (Pottear, 1976}, which would
only reduce the time on the arithmetic task by 1.3%. This

may not be encough of a reduct:ion in time to cause impairment



on an arithmetic task (Fisk and Schneider, 198453, Further,
it could indicate that subjects need to consciously attend
to information for long-term memory storage and that they
mnay do this by attending momentarily to one task instead of
the other task. This could be viewed as a filtering
mechanism {(Broadbent, 1967). Thus, the evidence auggests
that controlled processeing and voluntary attention are
necessary for long-term memory storage.

Controlled and automatic processing may also be related
to selective attention. The studies cited above have
axaminad the conacious or controlled processing of
information through the manipulation of the subjects”
abi1lity to selectively attend to sensory information.
Thecories that address this i1nteraction of attention and
perception include those of Broadbaent (1971), Cherry (193%53)
and Traisman (1960) who describe selective attention and
early or late models of perceptual processing. Neisser
(1367) has deacribed an interactive model in which two
processes account for the selective processing of sensory
input. These two processes include a preattentive model 1in
which i1nput is first analyzed in a global and parallel
nanner. Then, there is an analysis of certain aspects of
the stimulus which receive focal attention.

The advantage of Pcoaner’s (13971, 19735} description of
attention is that it includes selective attention as well as

conscicus effort and alertness. Alertnessa, involves
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receptivity to external staimuli and 1ncludes two
subdivisions: "“"tonic'™ and “phasaic™. Selective attention
refers to the selection of certain perceived stimula for
further procesaing. Selective attention may be
distinguished from alertness because it is a more active
than passive form of attention. Further, selective
attention 18 cnae step beyond receptivity to stimulus input
1n that the subject selecta only certain information from
the i1input which has been received. A third component of
attantion 18 conscicus effort. Conscious effort and
alertness may be analogous to controlled processing.
Further, the-e may be a parallel between controlled
processing and phasic alertness because both are voluntary
while there may alsc be a parallel between automatic
processing and tonic alertness because both are
involuntary.

In order to determine :1f the above analogies are valaid,
it is important toc examine the difference between tasks
which may assess phasic as compared to tonic alertness. The
CPT is a vigilance task which measures sustained attenticon
and 18 also sensitive to momentary fluctuations in attention
such that any lapse in attention may cause the subject to
misa a target (Rosvold, Mirsky, Sarason, Bransome, Jr., and
Back, 1956). 0On the Digit Span and the Digit Symbol
subtests of the WAIS-R, the subject may be able to

compensate for momentary fluctuations in attention during
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the overall time of responding. For axample, in Digit
Symbol, the subject may increase his/her speed and response
time during the interval betwsen momentary lapses in
attention. Thus, the CPT may assess both tonic and phasic
aspects of alertness while Digit Span and Digit Symbol nmay
assess tonic alertness since the subject may compensate ifor
fluctuations in phasic alertness.

One other way of examining the relationship bestwesen the
types of alertness and the forma of processing 1g to observe
the aeffects of different sites of seizure activity on
beshavioral measures. By examining the differences between
the performance of patients with centrencephalic or
subcortical epilepsy and temporal lobe epilepsy on attention
and memory, the worker may better ascertain tha relationship
between certain structures and functions. Patients with
centrencephalic eplLlepsy werae mcore impaired in their
performance on the CPT than patients with temporal lobe
epilepsy, thereby indicating the importance of subcortical
structures for sustained attention {(Lansdell and Mirsky.
1364). Because there was a correlation between Verbal and
Performance 1.d. and the percentage of correct responses on
thae CPT, the authors (Lansdell and Mirsky, 1964) suggest
that there may be a permanent disruption of alertness. The
research emphasizes the importance of subcortical structures
for tonic alartnesas. This does not rule out thae

posssibility that momentary fluctuationa in attention or
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phasic changes in alertness also may have occurred.

A disruption in phasic alertness is also reflectaed in
CPT performance (Mirsky and Van Buren, 1965). Patients with
cantrencephalic epilepay showed behavicoral impairment on the
CPT which praceded elactroencephalographic (EEG) signs of
s@l1zure activity. This i1ndicates that subcortical seilzures
may precede the cortical signs of EEG activity which again
supports the importance of subcortical atructures for phas:ic
attention.

Long-term memory storage and specifically memory
consclidation may be related tco phasic alertness by
examining the effects of spiking in the EELG on memory tasks
(Mirsky and Van Buren, 1965352, These changes i1in the EEG
could be considered to represent phasic changeas in
alertness. A test of recall was administered to subjects
and performance on this test was avaluated in relationship
to the presence of burat activity in the EEG. Visual or
auditory astinuli were presented at the rate of several per
minute and after an interval oi five to sixty seconds, the
petient was required to recall the stimuli. When bursts of
spike activity occurred during the présantutlon of the
stinulus or between the presentation of the stimuluas and the
response, there was a significant impairment in recall.
Mirskhy and Van Buren (1963) interpret this impairment in
recall as a reflection of an impairment in memory

consolidation that affects the subject’s ability to retain
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the stimulus 1n memory.

Thus, the presence and timing of bursts of spike and
wave activity appears to have a differential effect on
attention and memory tasks. In one task, behavioral
impairment on the CPT preceded spiking in the EEG (Mirsky
and Van Buren, 1965). In the other task, spiking occurred
concurrently with impairment in memory processas.

It appears that the attention rather than memory
component is more severaly and permanantly affected by
selzures. The centrencephalic patients were significantly
inferior on the number of correct responses on the "X task
as compared to the "AX" task of the CPT. The X task
requlires attention while the AX task also requires i1mmediate
mMamory . The X task requires the subject to respond by
presasing a button whenever an X appears. The AX task
requiraes the subject to respond to an X" only 1f it occurs
immediately after the letter ' A". However, the finding of
fewar correct responses on the X" task occurred whether or
not the seizure periods were i1ncluded in the analysis. It
may not be the aseizures alone but rather the subcortical
damage resulting from the seizures that is affecting
performance on attentiocnal tasks. Further, this suggests
that phasic alertness has a greater affect on tasks that
regquire pure attention.

A differential effect on attention and memory tasks was

also found between children with centrencephalic epilepsy



and children with temporal lobe epilepsy (Fedio and Mirsky,
136%>. Children with centrencephalic epllepsy were
si1gnificantly more impaired on the CPT but were not
significantly impaired on meamory tasks. In contrast,
children with temporal lobe epilepsy were significantly
impaired on memory tasks.

As described above, both changes in phasic alertness,
as reflected by spiking in the EEG , and controlled
processing may be evident in tasks that require long-term
mamory. However, the finding that tasks such as the CPT are
significantly impaired whether or not seizure periods are
included i1n the analysia (Mirsky and Van Buren, 1965}
suggest that there is also an effect on tonic alertness.

Phasic alertness and set both affect react:ion time.
The subject’s readiness to respond to a particular staimulus
or to a particular characteristic of the stimulus (set) may
lead to improved reaction time as waell as to a reduction in
errors {(Paosner et al., 1973). Phasic alertness may be
assoclated with the readiness to respond whereas set is
related to the stimulus characteristics. Therefore. both
phasic alertness and set interact. Set has been defined as
the selection of the stimulus on the basis of a unigue
property which distinguishes it from another stimulus and
which reguires its prior identificationi(e.qg. select
conscnants rather than vowela (Posner, 197%5). Both phasic

alertness and set i1mproved reaction time in a letter
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matching task (Posner and Boies, 1971). Subjacts were
provided with a warning signal or & letter which set the
subject for the matching task. In this latter condit:ion, a
letter X' was pressntad and then a sacond letter was shown
and the subject had to respond as to whether the letters
ware similar or dissimilar. Reaction time was better in
both conditions as compared to a condition in which no
warning signal or set was provided. When the letter served
both as a warning signal as well as the set (i.e. the first

letter both warned and “set'” the subject in preparation for
the second letter), there was a combined improvement which
was super1o0or to either condition alone. That is, providing
a letter which the subject has tc remember and then
discriminate from anoher letter may be sufficient to
increase alertness, Therefora, the letter also may serve as
a warning signal.

Although alertness and set can be examined separately
(Posner and Boies, 1571) and both make independent yet
additive contributions to processing, the CPT measuras would
in all likelihood be evaluating both the phasic component of
alertness as well as set. Since tonic alertness is a
measure of general level of alertness and the CPT assesses
the ability to sustain alertness, then an index of tonic
alertness should also be provided by the CPT. As described
above, a letter which sets the subject for a trial may

decrease reaction time. Since & letter X" sets the subject



for the entire CPT task because the subject must respond
when ancother letter matches it, then the original set oi the
target letter "X may serve as a warning signal,. Further,
the overall mean reaction time may serve as a meaasure of
tonic alertness since it assesses the reaction time over the
courae of the entire taak. Although the CPT has not been
used to assess tonic alertness, it seema reasonable to
hypothesize that by examining differences in the coverall
mean reaction time, it would be posaible to obtain an index
ot tonic alertness.

Performance on the CPT is affected by subject’s tonic
and phasic alertnesas. The research has ajlso demonstrated a
close asaociation hetween attention and other internal
conditions within the subject such as set and saliency.
However, certain variablea within the CPT can influence the
aubjlect’s alertneaa, aspecifically, the rate at which the
atimuli are presented. In fact, high event rate tasks,
atimuliy that are presented at a frequent rate, have been
associated with tonic aspects ¢of alertneas (Broadbent,
1971), while low aevent rate taska, stimull that occur at an
infrequent rate, have been aasociated with phaaic alertneas

(Posner, 197%).

Vigilance Taasks and Rate of Stimulus Presaentation.
High event rate tasks resemble the tonic effect saen 1n

diurnal rhythm atudies. Evidence for thias has baeen an
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increaae throughout the day in the subject’a ability to
diacriminate signals in vigilance taska as shown by an
increase in signal detection or response speed accompanied
by a decrease 1n false alarms (Broadbent, 1971). According
to Posner (1975%), low event rate tasks show effectas like
phasic studiea of alertness. Since phasic alertness has
been associated with set as deacribed above, and low event
rate taskas may be particularly affected by aet, it seenms
reasonable to postulate that low eveant rate tashks may show
phasic alertneas effectsa. That ias, since subjects may be at
a high level of expectancy during the performance of a low
event rate task, then when the aubject sees the target
letter for which a/he is ''set', this may serve as a warning
signal. The letter or "set” may serve a similar function as
4 warning signal does in a study of phasic alertneas (Posner
et al, 1973). There may be a decrease in reaction time
aithough there may not be a decrease in errors (Poaner et
al, 1373>. When the warning signal is presented briefly
thaen faster reaction time and fewer errors may result
(Fuater, 1958>.

Although Pcosner (1975) does not explain why high and
low event rate tasks each may be associated with both tonic
and phasic alertnesas, one way of underatanding it is the
following. Tonic alertness may be ascertained by examining
the overall mean reaction time which would reflect overall

level of arousal. Similarliy, errors of omissaion and



ToemmiEssion wauld reflect set and phasic alertness. Further,
phasic effects may ba documented by variation from the mean
which could be assessed by the overall standard devaiation.

This association of tonic and phasic alertness and
their effect on CPT performance would correspond to the
int2eraction of level of arcusal and saliency of staimulus
input, respectively, as proposed by [Deutsch and Deutsch
(139633, In this model of the interrelationship of attention
and perception, the importance of saliency of stimulus i1npur
for attentional processes 18 emphasized. Although all input
stimulyi are perceived, 1t 15 only after 1tems are perceived
that they are selected for attentional processas.

The criterion for whether a stimulus 15 selected {for
attention depends on the level of arousal and on the
relative importance or saliency of the stimulus. If the
stimulus 15 less salient than another stimulus, but the
level of arousal is high, then both stimuli may receive
attention. If the level of arousal is very low, aven the
more important and salient stimulus may not receive
attention. Thus, both saliency of stimulus i1nput and level
of arousal are important for attention (Deutsch and Deutsch,
13963> . S5aliency as described by Deutsch and Deutach (1963}
is similar to Posner’s (1975) description of set. Set and
saliency both rely on the subjects’ criterion for
identifying the i1mportant characteristics of the stimulus,

in a given task such as the CPT, before making a response.



In summary, 1t could be inferred that the set 1n a task
such as the CPT is more salient than the nontarget stimul:i.
The subject must remember the critical stimulus, match this
to the displayed stimulus and respond. This requires
perception, attention, discrimination and responsa, all of
which are i1in the realm of recocgnition memory. Miraky and
Van Buren (1965) describe the three task requirements for
the CPT as reception of information, motor output and
integrative process. The integrative process i1nvolves
combining the sensory processing with the motor response.

In this way, the reception of senscory input may 1lead to a
motor response. Performance on a motor task, in which the
subject had to repetitively press a response key 1n the
absence of atimuli, was not associataed with spiking in the
EEG 1n a group of patients with centrencephalic epilepsy
(Mirsky and Van Buren, 1963). Therefore, 1t is the
perceptual aspects of the task and not the motoric which are

associated with impairment i1n attentional processes.



Perception, Attention and Memory

Phasic alertnesas 1influences the response to input
already in sensory memory (Posner et.al., 1973). A warning
si1g9gnal had an effect on phasic alertnass as documented by
decreased response time to the stimulus. The signal did naot
affect the rate of information build up in the
sensory-memory system as documentad by fewer errors, but
rather 1t affected the rate at which the subjlect could
respond to the stimulus. The i1inference 1a that if the rate
of information build up 18 toco slow, there may be a greater
number of errors of omission or commission. Errors of
COMmM18810N occur when responses are made to non-target
stimuli. This runs counter to the viaew that alertness
affects perception but rather auggests that it affects a
later systam. The later system would be a system involving
the actual response to the stimulus or as described above,
the integrative proceas (Mirsky and Van Buren, 1965). The
implication of this study is that reaction time 1s greatly
affected by phasic alertness and that if there are effects
on phasic alertness due to a tumor, these effects will be
documented by reaction time performance.

In the sbove study (Posner et.al.,1973), alertness did
not affect errors, while in a different study (Fuater, 1958)
increased alertness led to fewer errors. These discrepant
findings may be based on the different stimulus

characteristics in the two studias. In the first study



(Fuster, 1958), the stimulus was present for a brief
duration after which the subject could respond. If the
subject was at a high level of alertness and responded more
quickly, it is possible that the response would be based on
a senscory-memory trace that was less decayad and of a higher
quality. In Posner’s (1973) study, since the stimulus was
present until the subject responded, level of alertness did
not affect the quality of information and therefore highear
levels of arocusal which would allow a faster response did
not lead to a reduction 1n errors. If the stimulus duration
15 short and the subject has to resspond after the stimulus
15 no longer present, then higher alertness may lead to a
reduction in errors. It would be interesting to determina
what effect combining the paradigmsa of the two studies would
have on performance, For example, there would be a short
duration of time as in Fuster’s (1958) study but the subject
would have to respond while the stimulus was atill present
as in Posner’s (1973} study. It would be hypothesized that
because the stimulus is present during the time the response
must occur, higher lavels of alertness may not affect the
number of errors, but may affect reaction time since the
subject must respond during a short exposure duration.

The evidence and conclusions of Posner’'s (1973) study
area not as convincing as those of Fuster (1958). However,
the functicons of percentage of correct responses and mean

reaction time as a function of duration of exposure of the
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signal are different (Fuster, 1958). If one further
examines these functions and plots the difference between
the control and experimental conditions (for performance as
a function of stimulus duration), the functions show a
linear upward trend on mean reaction time but a zZero slope
indicating no difference as a function of duration of signal
exposura on percentage of corract responses. The difference
in the functione indicates that there may be two separate
systems, one involved 1n response rate and the other 1n
discrimination. Posner’s (1973) evidence was that a warning
signal did not affect the number of errors but rather
affected the rate of subject response. The distinction 1s
important for the current work in that i1t may be important
to examine both reaction times and guantity of correct
raesponses and errors. Perception may be affected as
indicated by performance on discrimination measures of a
reactiaon time task.

This may also be compared to tasks which require
percepticon and visual discrimination. Both errors of
commission on the CPT and performance on a digit symbol task
(@.g9. Digit Symbol substitution) were found to be related to
barbituate dosage (Mirsky and Kornetshky, 1964). The authors
suggest that the RAS is affected and this subsequently
affects performance on both tasks. In fact, barbituatas
have been known to inhibit memory consolidation suggesting

that they affect brain regions essential for arcusal (Bloch,



1970, There may be a common mechanism underlying both
performance on a digit symbol task and errors of commission
on a CPT task. Both require matching twoc stimuli correctly.

In Digit Symwmbol, errors will occur if the target stimuli
are not matched with the stimuli to which they have bwan
pairad. On the CPT, arrors of commission will occur 1f
non-target stimuli are 1ncorrectly perceived or responded to
as target stimuli. If this 18 B0, then one would predict
that errors of commiseion and performance on Digit Symbol
should be correlated. I1f performance on the CPT 18 affected
as esvidenced by the number of errors of commission, then one
could conclude that the disturbance occurs i1n phas:ic
attention and is specifically related to the integrative
procesa or response tc i1nformation already in

Sensory-memory.

Models to explain the relationships be*twve-n perception,

attention and memory.

Several models hazve hbeen used to describe the
relationship between attention, memory and auditory
perceptual processes. Oftan thesea modeaels have focused on
the manner in which information is encoded and maintained 1in
short-term memcry (STM) and subsegquently transferred to
long-term memory (LTM}. Both perceptual variables and

attention are important for recall from STM (Sanders, 1975).
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Perceptual variables would include stimulus
characteristics, such as presentation rate, serial position
of words on presentation and modality of pregentaticn
(Kintsch and Folson, 1979). The recall of a list is
affected by the serial position of words such that there 1s
better recall of the words from the beginning ae opposed to
the end of the list (Glanzer and Cunitz, 1966; Murdock,

1962 . Selective attention., the allocation of attention to
a specific task, can also interact with perceptual variables
such as presentation rate and thus alter the expected
finding of better recall at the beginning as compared to the
end of a list (Brodie and Murdock, 1977). Attention has
also been shown to be influenced by rehearsal. Funct:i:onal
serial position curves show overt rehearsal order and
indicate that the superiority of slow presentation rates
manifests 1tself at the end of the list (Kintsch and Polson,
1979). That is, subjects may rehearse i1tems from the end of
tha liat more when the presentation rate is slow,

Deficits 1in encoding and acquisition may lead to
memory deficits. From the dual processa viewpoint, the
information may not be transferred from short-term to
long-tearm memory or it may be transfaerred i1n a degraded or
inaccurate form, In this way, deficits in encoding or
acquisition may be related to both perceptual and memory
processes. from the levels-of-processing viewpoint,

informat:on may never reach a deep level of proceasing.
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Levels-of-processing is an important theory to examine
1in the context of this thesis because 1t makes the
distinction between the different ways in which information
may be procesaed (Craik and Lochkhart, 1972). For example,
in the auditory modality, information may be processed in a
superficial mannar on the basis of sound or phonemic
similarity of information. Further, information may reach a
deeper lavel-of-procaessing when 1t i1s processed for meaning.

This distinction i1s a guantitative rather than a
qualitative one because information may reach this deeper
level of processing 1f certain strateqies, such as
rehearsal, are practiced. Although Craik and Lockhart
(1972) have described these quantitative levels of
processing, which are continuous, they also adhere to the
stages of mamory models. This may not be contradictory
bacause levels of processing may occur within both praimary
and secondary memory as well as in the transition between
primary and secondary memory. This model 1s useful bacause
1t provides a means of describing the relationship of
auditory processing to attention and memory. For example,
auditory-perceptual processss encompass the first stage of
processing while précossos inveolving semaptic memorxry
encompasa the second stage of processing.

Atkinson and Wescourt (1979%) discuss the degree of
activation necessary to process 1nformation and relate this

to levels-of-processing (Craik and Lockhart, 1972). Thesea
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levels i1nclude a deep level of processing usually asscciated
with semantic material and a supaerficial level of processing
usually associated with non-semantic material. Each level
18 similar to the more traditional terms LTM and STH,
respectively. Although phonemic material had previously
been associated only with STM and semantic material with
LTM, more recent research has demonstrated that semantic
material also may be represented in 3TM (Glanzer, 1972).
Levels-of-processaing represents a continuous process rather
than a more discrete division similaor to the stages of
memory distinction. Retention depends upon the degree of
procesaing such that highly processed information. which 18
information that is subject to a continuous process of
organization and integration, is available for a longer
duration of time (Craik and Lockhart, 1972). This active
approach of processing 15 complementary to Kahnemann’'s
(1973) limited resources model. The main resource for
attention 18 the amount of effort or arousal available which
will conseguently influence memory functions. If there are
limited resources for attention due to a lowered level of
arcusal, then the amount of attention available for memory
encoding and processing will be substantially decreased.
Just as fluctuations in attention may affect performance on
various tasks, an intervening task may lead to a diversion
of attention which will consequently affect memory.

Memory may be affected both because of a limited amount
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of available attentional rescurces and interference with
sa@lective attention. Interference may be more likely to
occur i1if a subject does not have an adeguate opportunity to
rehearse information in order to maintain it in STM until it
15 transferred to LTHM. It is possible that the effect of
information not being encoded properly may be similar to the
effect of an external manipulation of rate. For example, as
presentation rate is increased there may be less opportunity
for rehearsal to cccur and interference by the subsegquent
word will take place. In a selective reminding task, a list
of words 1s presented verbally to a subj)ect (Buschke, 13973}
The subject is required to recall the list after it is
presented until all the words have been recalled. Beforae
each recall trial, the subject is reminded of only those
items that were not recalled on the previgous trial. Items
which are recalled without additional presentation are those
items that have been retained from the list (Buschke, 1973).
It is also postulated that items which are recalled without
further presentation have entered long-term storage in that
they do not require selective reminding. Words that are not
remembered have bsen affected by the remaining words that
were being presented. The inference is that STM and not LTM
is affected by interferencs, The rationale for interfarence
being effective for only short-term and not long-term memory
1e that items that enter LTM have been thoroughly processed

and theraefore these 1tems would not be subject to



interference. Some type of encoding which i1ncliludes
assoc:atlons with words already in LTM, 13 part or the
process necessary for storage of 1nformat.ion. An
alternative approach to understanding interterence 13 that
as 1nformaticon 1S being encoded there is a decreased
vulnerability to interference. This approach encompasses
the model of levals-of-processing.

Rate of presentation may play a role in pertformance on
tree-recall taaska. The auditory system 18 highly tuned to
amall temporal changes. Therefore, a conduction delay can
alter the stimulua appreciably and degrade the inhncoming
information. Although the Selective Reminding Test requires
a presentation rate of one word every two seconds. the
stimulus may be degraded for postericor fossa tumor patients.

This may affect performance 1n a gimilar way that a higher
rate would affect performance in normals. For instance, 1t
the delay 13 a conastant and rate of input 18 fixed, because
the 1nformation may take longer to enter the system, this
may be experienced aa a faster rate of stimuius input. If
indeed, thias 13 the case, then there would be lesa
oppertunity for rehearsal to occur.

Therefore, a dual processa approach may explairn a
deficit in learning on the Selective Reminding Test. That
1a, ai1nce these items are already in long-term memory, 1t 1a
posslible that both controlled and automatic processing may

be used in this tashk. It 18 possible that acceas to
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wall-learned 1tems of i1nformaticon in long-term semantic
memory 13 an automatic process. Howaver, aince the task
involves the recall of a specific liat chosen from many
posaible items in a givan well-learned category auch aa
animal namea, controlled procesaesa may be necessary. In
order for thia task to become an automatic task, the
category names would have to be processad automatically and
therefore would not enter long-term memory.

In summary, the Selective Reminding Test (Buschke,
1974) may be affected by an interruption in any one process,
ranging from attention to eancoding to conasoclidation to
retrieval. Each of these componentas are necessary for
memory. The component of attention or memory that 1s
affected and 1ta overall impact on tha task may be fully
appreciated by evaluating specific deficitas associated with
these components. Further, if there is a deficit in
encoding, the information may not reach a deep level of
proceasaing and may not be consolidated in memory. As a

conaequence, the memory trace may be loat.

The Relationaship of Perception, Attention and Memory to
Brain Regions

Conaolidation processes have been asaociated with
hippocampal regions (Penfieid and Milner, 1959: Milner,
Corkin, and Teuber, 1968). Bilatersal leaionsa of the

hippocampus have resulted in an inability to maintain traces
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of current experience (Penfield and Milner, 1358; Milner,
1970i. An 1nability to learn and retain traces of new
information has alsc been documented in patients with deep
lesions of the hemispheres which include laimbic structures
and are proximal to the upper brain stem RAS5 (Luria, 1371,
1373>. Luria (1971, 1973 attributes the deficit to the
impingement on the RAS by the lesion. Patients were
presented with a list of words, then were asked to perform
another intervening actaivity and finally were asked to
recall the first list of words, The intervening activaty
interfered with recall of the list. Howaver, the patients
were able to perform within nermal limits 1f an intervening
task was not presented. Therefore, any encoding deficit can
ba ruled out since performance was affected coniy when new
information from the 1intervening task replaced old
information 1n working memory. In other words, recall was
within normal limits when there was no i1ntwivoaning task.
This Buggests that it 18 the intarvening task that 1is
causlhg a disruption in the recall processes. This might be
due to a disruption in attention becauae of interference
with rehearsal.

Surgical removal of the thalamus or globus pallidus has
resulted in impairment on Axrithmetic, Digit Span, and Digit
Symbol of the WAIS (Riklan, 1960). Initially, it would seem
that performance deficits in these tasks were caused by

dysattention. However, additional findings showed that
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performance was significantly diminaished after leit as
comparad to right ventrolateral thalamotomy or pallidotomy
on the above tasks. Thereforae, 1t would be difficult to
explain the differential effect by attention alona, This
would suggest that either encoding or consolidation also has
been affected,. Encoding may be affected and result 1in
information not reaching a deep level of processing. Thtis
would also lead to a deficit i1n consclidation of the
material and to a possible loss of the memory trace.

The thalamus has been associated with disorders in
varbal memory and learning (Ojemann, 1971; Fedioc and Van
Buren, 1973). Furthermore, a decline in verbal fluency
(retrieval of words from a speclified phonemic or semantaic
category? that may be related to retrieval difficulties also
has been noted in patients with left ventrolateral thalamic
lesions (Vilkii, 1979), However, if a differantial effect
occurs 1n which fluency 1s not affected but free recall of a
list 18 affected, 1t might be concluded that the deficit
would lie 1n encoding and consclidation. If the deficit
were in retrieval, then verbal fluency alao should be
impaired.

The relationship ©f subcortical strutures to memory
encoding and consolidation has been examined using a
levaels-of-processing and dual process approach. The impact
of lesions i1nvolving different subcortical structures on

attention will be described by several studias,. To assess
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the impact of lesions involving different subcortical
structures on attention, Mirsky and Oshima (1973} compared
rhesus monkeys with upper brain stem-mesencephalic lesions
to monkeys with thalamic lesions on a CPT-like task. The
monkeys with the upper brain stem-mesencephalic lesions
performed aignificantly worse than the monkeys with thalamic
lasiona. The dependent measure was errors of omission whilich
are errors which occur when there 1s no response to the
target stimulus. The upper brain stem-mesencephalic lesions
included damage to the superior and inferior colliculi of
the mesencephalon, the lateral lemniscus and reticular
N8Urons. The thalamic lesions included damage to midline
and medial thalamic structures and large areas of cell loss
in surrounding areas. If there was damage to the thalamic
reticular neurons, this was not specifically indicated by
the authors. The authors suggest that a tamporary
functional disturbance in brain stem and mesencephalic
regions can result 1n impairment on an attention task which
was well-learned through pre-operative training. Because of
the training, i1t is reasonable to infer that automatic
processing was utilized. It should be noted. however, that
some of the dysattention may have resulted from the damage
to the reticular neurons documented in the monkeys with
brain stem lesions.

Just as there were differences i1n performance on an

attentional task associrated with lesions to the upper brain
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stem masencephalic region as comparaed to the thalamus
(Mirsky and Oshima, 13973), there are alsoc documentad
differences in EEG activity associated with stimulation of
these different regions. Tonic changes in alertness have
been associated with midbrain levels of the RA3S while phasic
changes 1n alertness have been associated waith thalamic
levels of the RAS (Sharpless and Jasper, 1956; Thompson.
1963). Sharpless and Jasper (1956) found that stimulation
of the midbrain RAS 1n cats was related to a tonic arousail
reaction as documented by changes in the EEG of longer
latency and greater duration after the termination of
stimulation. Stimulation of thalamic levels of the RAS was
related to phasic changes 1n alertness which were
demonetrated by changes in the EEG of shorter latency and
briefer duration after stimulation. The tonic reaction was
more susceptible to habituaticon as documented by the fact
that after habituation tc a tone, more time was reguired for
the stimulus to eljicit a sustained tonic activation pattern.
Thias is an EEG pattern which is sustained for seconds or
minutes beyond the cessation of the stimulus. However, only
a few minutes were r;quirad in order to restore a phasic
activation pattern, a pattern which barely ocutlasts the
atimulus,
Although tonic changes in alertness have bsen

agsociated with midbrain levels of the RAS while phasic

changas 1n alertness have been associated with thalamic
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levels of the RAS (Sharpless and Jaspear (1l9356)}, it 1s
likely that the brain stem RAS is involved in both types of
alertness. In one study (Fuster, 19%8), stimulation of the
rostral brain stem RAS (at the level of the reticular
formation of the midbrain tegmentum) in rhesus monkeys
decreased reaction time and increased the percentage of
correct responses on a CPT-like discrimination task
presented tachistoscopically. It was concluded that phasic
changes resulting from stimulation of the reticular
formation i1nduces general activity of the cortex and thus,
increasaeas cortical receptivity to ascending sensory
impulses. Stimulation of the RAS was shown to facilitate
percaptual performance as demonstrated by shorter reaction
timea and a higher percentage of correct responses. This
study implicates phasic attention in perceptual processes
such as discrimination and suggests that the RAS 15
important for the transmission of sensory information to
higher cortical areas.

In the Sharpless and Jasper (1956 study, there was a
distinction made between tonic and phasic alertness and the
lavals of the brain associated with each. Stimulation of
the midbrain was associated with tonic changes i1n the EEG
whila stimulation of the thalamus was asscociated with phasic
changes. The difference in the two studies may be a result
of the different reqgions of the brain stem that were

stimulated. In Fuster’s (19358) study, the area stimulated
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was the rostral part of the brain stem reticular activating
system, mostly composed of the reticular formation of the
midbrain tegmentum. In Sharpless and Jasper’s (1956) study,
the midbrain area was stimulated although the specific part
of the midbrain was not specified.

Tonic and phasic changes in the EEG have been
associated with the midbrain and thalamue respectively
(Sharpless and Jasper, 1956) while both forms of alertness
have been associated with brain stem regions (Fuster, 1958).
Dyasattention, as noted by performance on tha CPT, was
assocliated only with brain stem regions. It has been noted
that level of alertness may have a greater effect on memory
consolidation than on retrieval. This would correspond to
the findings discuassed above, that deep lesions affect.ing
limbic regions proximal to the upper brain stem RAS have
bhean associated with consolidation processes (Luria 1971,
1373 while thalamic regions have been associated with
retrieval processaeaes.

Alertness has beaen demconstrated to influence memory
consolidation but not retrieval (Bloch, 19703). Bloch (197Q)
found that stimulation of the RAS at the level of the
mesencephalic tegmentum facilitated learning in a
discrimination learning task based on single trial water
reinforcement. Although a drug, fluothane anaesthesia, was
used to prevent learning, reticular stimulation annulled the

effect of the drug. It appearse that there 18 a critical
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berlod for the effects of the stimulatiocn to be optimal.
This period, up to 90 seconds, appears to be the time
necessary for consolidation. Bloch (1970) found that
although stimulation can affect consolidation processes,
retriaval processes appear to be independent of level of
arousal. Rata were taught a six-choice T maze. When the
rates reached critericn, they werae saparated into two groups
eguated for learning ability and were left in their cages
for a five day forgetting period. Then, the rats were placed
back i1ntoc the maze. The experimental group recuived
reticular stimulation of about 90 seconds duration, the
amount of time that had been needed for consclidation, while
the control group ran the maze without stimulation.
Performance on the maze was 1dentical for the two groupsa
indicating that stimulation did not affect retrieval

Procesaess.
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The Relaticnanip of Attention and Auditory Perception to
Encoding.

Level of alertness, whether phasic or tonic, may affect
memory in the following manner. If there is a vigilance
disturbance and level of alertness 1s affected, there may be
a lower threshold for admission of salient stimuli. Oswald,
Taylor, and Trejiaman (1960} found that individuals when
asleep will attend only to very important meaaagea, auch aa
their own name or the sound of their i1nfant crying whereas
when awake, they will attend to any meassage provided that :t
does not occur concurrently with a more salient measage.
Thua, there may be a difficulty i1n matching stimulus 1nput
to the stimuiua in memory. In fact, without arousal,
awareness and response to peripheral stimulation will be
abaent, attention will be i1noperative and there wiil be no
stimulus input. Thusa, it appears that alertness ia related
to perception which then affects memory.

Just as level of alertness and saliency of stimulus
input affecta encoding and acquisasition of information in
memory, auditory-perceptual processing also affects memory.
A deficit in auditory-perceptual processing could result in
deficient encoding and acquiaition of information. Thia
could occur i1n the following manner. Conduction time may be
affected ma noted by an increase in the interpeak latencies
(IPLs) of the BAER in patienta with poaterior foassa tumora

(Wielaard and Kemp, 13979; Zappulla, Karmel and Greenblatt,
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Central conduction time within the brain stem has been
quantified by calculating the I-III and III-V IPLs for
ipsilateral recordinga to the ear atimulated. Thia method
of quantifying central conduction time alaoc enablea one to
determine if the disturbance 1n conduction occurs in the
proximal (extra-axial and pontomedullary) or distal (rostral
pontine-midbrain’) segments of the brain atem auditory
pathway as noted by increases in the I-IIT and III-V IPLs,
reapectively (Stockard, Stockard,., and Sharbrough, 1978:.
Increases in conduction time have been documented 1in
patients with postericor foasa tumers using 1psilateral
recordings of the BAER from astimulation of the uaffected
ear. Posterior fossa tumors usually occur on just one side
and therefore are unilateral rather the bilateral tumors.

In the population studied, only patients with unilateral
tumors wereae selected.

Neural structurea dysfunction resulting from
compression has caused delays in conduction time as noted 1in
patients with CPA tumors who were tasted using BAERs
(Zappulla et al, 1981). Documented delays in the IPLs on
tha si1de contralateral to the tumor were attributed to the
tumor‘s compresaive affecta on the brain stem (Zappulla at
al, 1981, Tumor size was correlated with the III-V IPL and
it waas suggestad that dyasfunction of neural astructures may

have produced delays in conduction time on both the affected
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and unaffected sides.

If, indeed, dalays in conduction time may be attributed
to compression, then this should be avidenced by a
differential effect on the BAER in patients with large asa
compared to small tumora. Delays in the III-V IPL of the
BAER from the ear contralateral to the large acouatic
neurcmas were attributed to a delay i1n conduction time
associated with a diasturbance in the roatral
pontine-midbrain segments of the brain stem”as auditory
pathway (Zappulla et al, 1982). The acocuatic neuroma
patients were divided into two groups on the basia of tumor
size in order to determine the affect of compraasion on peal
latenciesn. The authora state that surgical experience had
indicated that tumora 2.0 centimetera or greater were found
to be asaocociated with compreaaion of the brein stem, while
compreasion was rare in tumors of 2.0 centimeters or lessa.

Wielaard and Kemp (1979) alao found prcoclonged latencies
in 1pailateral recordinga ot the unaffiected ear in patientsa
with posterior fosesa tumors. The authors documented latency
and amplitude abnormalitjies in peaks IV and V and also
attributed thia to the effacta of brain atem compression on
the BAER. These abnormalities in peak IV and V weare
associated with rostral pontine and lower midbrain levels
(Stockard and Rosaaiter, 1977:. Interestingly, the
structurea associated with peaks IV and V of the BAER, the

roatral pontine-midbrain structures of the brain stem
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auditory pathway, 13 the same area that when stimulated
caused decreased reaction time and superior discrimination
performance in a task tachistoacopically presented (Fuater,
1938). Thia also suggeats that the retjcular activating
ayatem may be affected by compression as noted by the III-V

IPL.

Clinical Studies of Attention and Memory.

In patienta with intrinsic or extrinsic tumors ©t the
brain astem, deficita in attention and memcry have been
associated with damage to the brain stem and to the RAS.
Intrinsic tumcrs, tumors within the brain atem, may have a
direct affact on the RAS since they affect structures that
comprise the ascending RAS whereas extrinsic tumors, tumors
extarnal to the brain atem, may have an i1ndirect effect
since they compress the brain stem. The cognitive deficits
assocliated with both intrinsic and extrinsic tumors of tha
brain stem are asaimilar in that they affect attention,
memory, and language.

In several atudiesa, damage to the lower brain atem has
been found to cause attention and memory impairments,
typically aa measured on mental status examination.
Post-mortem morphological analysis reveailed damage to the
RAS without cortical damage in patients with tumors of the
pons or medulla-oblongata (Cairns, 1952). The patients’

deficits 1n vigilance and memory were associated with the



45

RAS damage. Cairne (1950) attributes the cognitive symptonms
associated with tumors of the pons and medulla-oblongata to
damage to the lower brain astem and concludea that
interferance with functions of tha lower brain atem may
affect higher cortical functioning. Tha symptoms that were
evident in the patients with pontine tumors included
language disturbancesa. For example, dysarthria, an
inability to maintain the coherence of a apoken sentence,
wcrd-finding difficulty and a slight impairment of speech
comprehensjion were evident. Theae asymptoms were assessed by
clinical observations of speech and language during the
neurological examination. In thoase patienta with pontine
tumorsa, cognitive aymptoma were presant in the abasnce of
hydrocephalus. This indicates that these cognitive aymptoms
can be attributed to the effects of the tumor rather than to
the effacts of hydrocephalusa.
Anothaer atudy also associated cognitive symptoms with

RAS detaerioration in patients with lowar brain atem tumors
(Arseni and Goldenberg, 19593)., Thias astudy documentad
clinical symptoma i1n 92 patients with i1nfailtrating gliomas
of the brain stem. There was a greater percentage of
patients with lowear brain atem lesicns who exhibited
cognitive deficita as compared to those with higher lesions.
Arseni and Goldenberg (1959) believed that the symptoms
wara determined by the degree of deterioration of the

nonspecific reticular activating aystem. The alternative
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conclusion 1s theat there may have been damage to other brain
atem structures which would have an adverse effect on
patients with lower lesions bascause of the hierarchical
nature of brain functioning.

The authors (Arseni and Goldenberg, 1959) aassert that
the brain stem is important not only for conscicusnes&s but
also for the level of corticel activity responsible for
higher nervous functions including voluntary activity,
attention and memory. Tha aymptoms asaociated with these
tumors included diminished affectivity, decreased volition,
and impairad attention and memory. These aymptoms were
assessed through clinical examination, cobservation and
certain mental atatus assmesament techniques. Attention and
memotry were measured through learning tests, orientation
questions, and reading and calculation tasks.

There waa no atatistically significant difference
betwaen the number of cases with cognitive and behavioral
disturbancea with increased intracranial pressure and the
number of cases with cognitive and behavioral diaturbances
but without increased intracranial presasure. The authors
conclude that there is no causal relationship between
increased intracranial pressaure and cognitive and behavioral
disturbances. This conclusion, however, is not consistent
with the documented association of increased intracranial
presaure with cognitive and behavioral symptomatology

(Keschner, Bender and Strauss, 1937; Barnett and Hyland,
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1952; White, 1963). Also, although there may not be a
significant differenca in the frequency of aymptomatic
patients with or without increased intracranial rressure,
tha quality of the aymptomatology may differ.

Evidence for this was derived from a pilot atudy for
this thesia. Two acoustic neuroma patients with
hydrocephalus were evaluated before and after shunting. One
of these patientas was also teated aix months poat-surgery.
Reaulta indicated that both patienta could not perform taska
requiring the reversal of digits or wordsa. For instance,
they could not spell "world"” backwarda and they could not
sequence digitas in reverse order. However, other deficaits
included ahort-term memory and attention that were similar
to deficitas later found in the patients with posterior tfoasa
tumors but without hydrocephalua. The inability to perform
a task in reverae order improved after shunting for the
patient for whom the ashunting was succeaaful in removing the
intracranial pressure. Further, the patient’s performance
improved in many tests post-surgeary.

Zsadany, Ovary and Halasz (1967) attributed cognitive
behavioral aymptoms in brain stem tumor patientas to the
affacts of the tumor on the ascending RAS. The authors
noted that in aight casea of patienta with brain stenm
leaiona, the higher tha lesion, tha greatar were the number
of aymptoms. In caasea of medulla-oblongata lesions, there

were no aymptoma while in cases of pontine lesionsa, there
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ware disorders of thinking, attention, emotion, and a
diminution of activity as assessed by mental status
examination. In addition to the abova symptoma, there were
namory deficitas, also as asaessaed by mental atatua
examination, that were more severs in patients with
ponto-mesencephalic leaions. The authors did not deacribe
how these aymptoms represented disorders in cognitive
procesaea nor did they coperationally define the conatructs
of attention and memory. In all of the above studies with
the exception of the Cairnas (1950) atudy, RAS changes were
not measured but rather were inferred from the bahavioral
evidence. One atudy (Arseni and Goldenberg, 1959) wasas more
valid and reliablae than the other studies in that there were
a greater number of subjecta as wall as better dependent
measurea,

Other studies of patients with intrinsic tumors of the
brain astem have documented saimilar symptoma. wWallack,
Reavis and Hall (1977) deacribed a patient with primary
brain atem reticulum cell sarcoma, a neoplasm of the
connective tiasue, who had concomitant loaas of short-term
mamory and disorientation. The authors do not alaborate on
their methods for assessing these symptoms. Howaver,
besides a neurological examination, they did use several
mental status examination techniques such as calculations,
proverba, and corientation to place. The association of

short-term memory deficits with the sarcoma ias noteable
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because other authors described general memory deficits but
did not distinguish between atageas of memory. The patients
may have short-term memory deficits resulting from lack of
attention which has beaen associated with disorientation.
Walilack, et. al. (1977 documented that increasased
intracranial preasure did not exist in this case.

Netsky and Stroboa (1952) desacribed a cluster of
aymptoma in patients with neoplasma within the midbrain.
Symptoms included memory impairments for both recent and
paat events, disorientation, confusion, and apathy. Theae
aymptoms were noted clinically and through the uae of mental
atatus techniques such as measures of spatial orientation,
the calculation of aimple sumsa, examination for recent and
past evaeantsa, and taests of aymbolic performance.

There are very few mstudiea that have measured attention
and memory using tests rather than clinical i1mpresasionsa.
However, in one atudy of patienta with infiltrating gliomas
of the brain stem, these processes were neasurad more
objectively (Arseni and Volanschi, 1967). Mental
diaturbanceas were documented through the uae of clinacal
records which contained history, resulta of
neuropaychonlogical examination, and observation of the
patienta mental state during hoapitalization. The authors
do not specify what conatituted the neuropsychological
examination. However, additional tests of attention and

nemory that were adminiastered were described. Concentration
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was studied using a letter-cancellation taak in which the
patient had to cross out apecific letters among an array of
letters. What the authors term “"mobility of attention"” was
massured by a card-matching task in which aubjects had to
match images, Mobility of attention was defined as the time
required to search and find the matched image 1n an array.
Thia might be similar to a cancellation task which measures
conceantration. Recognition mamory was meaasured using a
delayved response to the above atimuli. Subjects had to
recognize which member of the pair of pictures had been
presented to them.

Reaulta from these teata of attention and memory showed
deficlts that had not been evident using the clinical
racords. The authoras attribute thase deficits to diminished
cortical activity resulting from involvement of the brain
atem reticular activating ayatam. That is, the reticular
activating asyastem determinea the level of cortical activity
reasponsible for cognitive processes such as attention and
memory.

In comparison to intrinsic tumors of the brain stem,
extrinsic tumors appear to cause similar although lasas
severe disturbancea. Cne possaible explianation for this
observation is that compresaion of the brain stem by the
tumor may cause impingement upon brain stem structures and
consaguently affect the RAS. Wilson and Rupp (1946)

described mental symptomsa including memory disturbances
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which were prominent in 16 out of 21 cases of extramedullary
posterior fosaa tumors. There was no diacusaion of how
memory was measured. Six of these 16 cases showed no
evidence of increased intracranial pressure. However, the
authors did not diatinguiah betwaen those patients with and
without increased intracranial pressure in their
presentation of the clinical aymptoma. The symptoms of all
of the patienta were attributed to brain stem compressicn.

Damage to the RAS was found on post-mortem examination
of patiaenta with extrinsic tumoras of the brain atem who were
diagnosad with cortical dementia (Jedrezejewshka-Iwanowska,
13974, There was no discussion of what criteria were usgsed
to make the diagnosis of cortical dementia. All of these
patients had carabellopontine angle tumora, Clinical
characteriatica including diaturbances of memory, time
sequel, sleep and vigilance associated with the tumor were
asaessad by noting their presence or absence. The author
did not apecifically note what characteristics of each of
these disturbancea were being assessed. It was postulated
that the cause of the deficits waas both the tumor’a
compressing againat the brain atem as well as reticular
activating system changes.

However, the conclusion should be regarded with
caution. A confounding variable was the incidence of
increased intracranial pressure evident in several of the

patienta. The increased intracranial pressure may have
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of the cognitive deficita. Although other authors (Arseni
and Goldberg, 1959; Netsky and Strobos, 19352) found no
difference in the frequency of cognitive diasturbances in
patients with or without increased intracranial pressure,
the gquality of the disturbance may have differed.

It is clear, however, that there does appear to bhe an
association of cognitive deficitas with either extrinsic or
intrinsic tumora of the brain stem. Thia may be asscciated
with a direct effect on the RAS in the case of the intrinsic
tumora. In tha cagse of the extrinsic tumors, these deficits
may be asaociated with compression on structures of the
brain atem which comprise the ascending RAS. In order to
more adequately asasess the deficits, objective measures must
be used and the confound of concomitant incresased
intracranial pressure muat be eliminated.

The mechanism of the involvement of the RAS in the
deficita described in some of the above studies appears to
be a function of its role in arousal and alertness which
consequently affects memory. However, in one study, a head
trauma patient showed a selective impairment in memory
without an impairment in general arousal. Memory was
asseased by the Buachke Selective Reminding Test, the
Wechsler Memory Scale, and the Boston Retrograde Amnesia
Teat . This patient had retrograde amnesia without

anterograde amnesia and no impairment in general arocusal
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{Goldberg et al, 1981>5. The authors did not specifically
indicate how arousal was assessed. The deficit was in
retrieval and not 1n consolidation and therefore corrasponds
to the earlier tinding that alertnesa affecta consolidsation
rather than retriaval (Bloch, 1370>. As determined by CAT
acan, there was damage to the ascending RAS projecting to
limbic structures without damage to the ascending
mesencephalic RAS projecting to the thalamuas and neocortex.
The authors conclude that if there was impairment to both
areas, then an arcusal deficit would override a aelective
memory impairment since the brain stem RAS is involved 1n
arousal and attention which affects memory (Luria, 1976:
Jedrezejewska-Iwanowska, 1974).

Disturbances of attenticon, orientation and memory have
alao been deascribed in patients with deep midline tumors
involving the hippocampus, mamillary bodieas, and the
thalamua (Luria, 1976). Further. deep midline tumors may be
unaccompanied by memory diaturbances provided they do not
involve the thalamus and the medial zones of the hemispheres
(Luria, 19786). This finding aupports the early work of
Moruzzi and Magoun (1949) which implicated the aascending RAS
in arousal proceases. This work also peinted to the role of
the diffuase thalamic projection asystem as a mediator between
the brain atam and cortex which haas been more recently
documentaed (Rocha, 13980). In the work of Goldberg et al

(1981), the ascending RAS to the thalamus and neocortex was
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spared and there were no arcusal deficaits, Thia further
highlights the association between arousal functions and the
aascending brain atam RAS projecting to the thalamus and
neccortex.

Rocha (1980) deacribes the importance of the RAS
projections to the thalamusa and neocortex 1n sensory
procesaes. Tha reticular neurons that were stimulated have
been associated with attentional processes (Lindsley, 1373).

Rocha (1980) atudied the sensory behavior of reticular
neurons by atimulating parts of the reticular formation 1in
anasthetized cata. The responaes of the reticular neurons
locatad at the bulbar (brain atem), pontine, and
nesencephalic levels were found to attenuate upon repetition
of the aame atimulua. The attenustion of the response
usually i1increased with a higher rate of stimulation. Thuis
indicates that maliency of stimulus input ia important and
that consequently, a faster rate of stimulation can result
in a decrease in responses. Rocha (1980 alsoc found that
stimulation of the reticular neurons triggered evoked
activity in the thalamus.

The difficulty with many early atudies is that although
attention and memory deficits waerae documented and associated
with tumors in subcortical structurea, the conatructa of
attantion and memory were not operationally defined and
senaitiva meaaurea of attention and mamory were not used.

Whereas the authors of the above studies have found deficits
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assoclated with brain stem stuctures and the reticular
formation and aassaociated this with an influence on higher
cortical functions, other authors have found deficits in
cortical functioning and inferred from thia a deficiency in
reticular activation (Gazzaniga and Hillyard 1973; Holtzman
and Gazzaniga, 1982).

Gazzaniga and Hillyard (1973) demonatrated the
importance of the brain stem in aelective attention uasing
primates with aeverad corpua calloseums. The primatea were
able to process a greater quantity of information when each
hemi:aphere was working separately on two different tasks
than when only cone task was being solved. Further, when a
lateralized motor responsae was induced by a particular taak,
reaction time was longer, indicating that the warned right
hemiaphere caused interference in the contreol of the left
hand by the right hemisaphere. Evidence from the EEG
suggestaed that disruption of activity from ona hemiaphere by
the other hemisphere affectas the motor response rather than
the sensory or perceptual procesas. The task required the
aubject to preaas a button to a loud tone burast after a
warning signal had been flashed to one hemisphere or the
other. The mean reaction times for the response from the
dominant hand followed by the warning asignal to the
nondominant hemisphers were asignificantly prolonged as
compared to the other hand-hemiaphere combinationa. On the

basis of the EEG svidence, it was determined that perceptual
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processing was not disrupted. The EEG findings indicated
that when the right hand was 1n use, the right hemisphere
did diacriminate the warning signal from the no-warninag
aignal condition. The EEG results from the foreperiod
reaction time taak were pilaterally symmetrical and 1ndicate
that the waves are governed from bilaterally activated
structures in the brain stem or thalamus (Gazzaniga and
Hillyard, 1973). In other worda, the brain stem would
equally activate each cerebral hemisphere and therefore, the
EEG reaults would be bilaterally aymmetrical.

In a atudy of split-brain patienta, tasks which were
presented to the right hemisphere competed for response
output with taasks which were presented to the left
hemiaphere (Holtzman and Gazzaniga, 1982). In deacribing
the concept vf limited resourceas, Reisberg, Rappaport, andg
O0’Shaughneaay <«1984), poatulated that the underliyaing
reacurce which waas needed for both tasks in the atudy of
aplit-brain patients deacribed above (Holtzman and

Gazzmniga, 1982 was reticular activation.

Predictiona on the Effecta of Posterior Fossa Tumors on
Attention, Memory and Perception.

In order to determine what deficits are present that
can be attributed to the effectas of the tumor, it is
necessary to obtain measures both pre-operatively and

post-cperatively. Since removal of a posterior fossa tumor
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may lead to aubsequent decompression of the brain atem,
recovery of function may be expectad to take place. This is
supported by previoua reaearch; a post-operative study was
conducted with posterior fossa tumor patients following
surgery (Fischer, Schmidt, Wanke, and Peterason, 1968} 1in
which there wasa a slight impairment of intelligence
attributed to concentration disturbances.

General praedictiona about the effects of poaterior
fosaa tumors on performance include the following. There
would bea an asacciation betwaeen parformance on teata of
attention and memory and tumor silze. This would occur
because of compreasion on the brain stem and consequent
impingement on the RAS. Furthar, there would be an
association between the III-V IPL, as a maasure of
compressaion, and performance on tests of attention and
mamory. The CPT, as a behaviocral measura of attention,
would be more sensitive to attentional impairmant and would
corralate aignificantly with both size of tumor and the
ITII-v IPL. There would be an impairmant in memory testa
that specifically involvaa mamory consolidation since
attention and level of alartness has been associated with
memory consacolidation. Certain auditory-perceptual tests
might be affected aa a result of (nvolvement of the auditory
pathways and thesa teats ahould ba significantly correlated
with the III-V IPL. Verbal fluency sahould also be affected.

Large tumor aubjecta ahould perform significantly worse on
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tests df attention and memory which were correlated with
gize of tumor,

Predictions about post-operative or second testing
performance include the following. There should be no
significant difference among groups on teats of memory and
attention. There should no longer be a significant
corralation with aize of tumor or the III-V IPL and teats of
memory and attention. Predictions of change between pre-
and post-operative testing include the following. Thare
ashould be improvement on all affected tests for large tumor
patienta post-operatively. Small tumor patients and
controls should not significantly improve on teatsa aince 1t
waas predicted that there would bea neo significant
impairment.

Spacific predictions about pre-coperative performance
include the following. Since brain astem compresasion should
rasult in impingement on the reticular activating system
(RAS) and the RAS is associated with attentional processes,
then the III-V IPL and size of tumor should be asaociated
with performance on teats of attention and memory. These
teata would involve either the viasual or the auditory
modality. If auditory-perceptual factors also play a role,
then asize of tumor and the III-V IPL should be asscociated
with modality-specific auditory-verbal testa of attention
and memory.- The attentional and/or perceptual deficit may

be related to impairment in tests such as Digit Span. The
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attentianal disturbance should result 1n impairments on
testa of mamory conaolidation. Therae shoculd be an
association between size of tumor and the CPT reaction time
measure. If there i1is an auditory-perceptual deficit, thia
should alac affect performance on verbal fluency taaks.
Thia might especially be true for phonemic as opposed to
semantic tasks. That is, a difficulty in retrieving
phonemic items may result from an encoding deficit.
Specific predictions of change include the following.
Those teasts that were impaired should improve
post-operatively. The pattaearn of improvement of these tests
ahould indicate the way in which memory, attention and
perception are related. 1f attention and memory are
ralated, then both should improve. If auditory-perceptual
factors were also involved then improvement should occur in

teatas of auditory-verbal functioning.



Method

Subjects

The overall subject group conaiated of 26 patients from
the Neurosurgery [Department at Mount Sinai Hospital and a
control group consiasting of ten apouses oif patients and
thirteen other volunteers. All patients had posterior fossa
tumora of the cerebellopontine angle (CPA) aa determined by
computerized axlal tomography (CAT) acan. Criteria for
incliusion 1n thias atudy for the patient group consisted oif
the following: fluency 1n English (all Ss were native
English speakers with one exception, a patient who apoke
Yiddish as a firat language): no signs of distress regarding
the teating, no motor deficitas as assessed by neurological
exam, and no increased ventricular size as aasessed by CAT
acan. English was the first language of all normal
controls.

The patients were subsequently divided into two groupa
based upon size of tumor with those having tumors larger
than 2.0 cm being placed in the large tumor group (LTG) and

those with tumors 2.0 cm and smaller being placed in the

amall tumor group (STG?. There were 15 aubjects in the LTG
and 11 asubjecta in the S5STG. Size of tumcr was determined by
AT acan and size at operation. Operative aize was the

measuremant of the 1ntracranial extension of the tumor at

the time of surgery underneath the operating microscope.



Where CAT scan and operative size disagreed, operative size
was used., The <control group conalated of volunteers and
spouses,

The control group was composed cf ten sSpouses as well
as thirteen other volunteer subjects. These volunteers were
vaed, when needed. in order to provide every patient with an
age and education matched control for the CPT. Spousas were
chosen in an effort to keep the age and educational level of
the two groups saimilar. The similarities of apouses 1n age
and educatjional level haa been documented (Rubin, 13973)>.
Spousea would also be likely to return for teating i1n five

to aeven months.

Subjecta for Pre-operative Teating on Paychometric
Teatsa.

Subjectas for the pre-operative testing on the
peychometric taests included the complete LTG, STG and 10
apousea for the control group. Table 1 describes the
education and age for the three groupas and the tumor aize
for the LTG and STG. The mesns, standard deviations and

ranges of these characteristics are given.

Subjecta for Preoperative Teating on the Continuousas
Performance Test,
Ten patients were tested on the CPT pre-operatively.

These were the last ten patients of the aame 26 assessed on
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the pasychometric measures as deacribed above. The reason
that all 26 patients were not included was that the CPT
measure was added to the atudy after the study had begun 1n
order to provide a more sensitive measure of attention.
Mean tumor size for these patients was 2.4 cm (5D=1.3;
range=1.0-5.0). Six of these ten aubjects were asmall tumor
patienta while four of these ten asubjects were large tumor
patienta. The mean age for thia pat:r:ent group was <42.9
tSD=16.5; Range=16-61). Their mean educational level was
13.7 (5D=3.1; Range=8-18)>.

Ten age and education matched control subjects were
used as a control group on the CPT in order to provide the
CPT patient group with an age and education matched control
group. Since the CPT of this study is a novel measure and
did not have pre-eatablished norms, it was consalidered
important to reduce the variability between groups by
keeping age and education matched betwaen subjects and
controls. For this reason and in order to obtain enough
control subjecta, age and education matched subjecta
consisted of both five spouses as well aa five other age and
education matched normal control volunteera. The mean age
for thia group was 42.8 (5D=17.4; Range=16-62). The mean
educational level for this group was 14.1 (SD=3.9;

Range=7-2113.

Subjects for Post-operative Testing on Psychometric



Tests.

The patients in the second testing group consasiated of
18 subjects who returned for teating 5-7 montha after
surgery. One additional] patient was dropped from the
analysia of the paychometric data because of incomplete
data. These 18 patienta were further subdivided into two
groups based on pre-operative tumor size, The LTG consisted
of 12 patients and the STG consiated of &6 patients.
Demographic ¢haracteristicas of those subjects who returned
for teating are alao shown 1n Table 2. {Suwvjecta who did
not return lived a great distance from the hoaspital. It was
not posaible to contact one subject.)

A total of nine of the original ten control aubjects
{apouses’) on the paychometric teata returned for testing.
Seven out of the ten original controls wera tested 5-7
months after the firat testing. Two of the original ten
control subjects waere tested 11 montha after the firat
teating.

Table 3 summarizes the number of patients and controls
that were tested at the first and second teating aseasiona on

the psychometric measurea and the CPT,

Subjects for Post-operative Teasting on the Continucus
Parformance Teat.
The total number of patients tested poat-operatively on

the CPT was nineteen (see table 3). As stated above, ten
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patients were tested on the CPT pre-operatively. These
consisted of aix amall and four large tumor patients. 0t
these ten original patienta, four largs and three small
tumor patienta were reteated. Therefore, eight large and
four small tumor patients were added for the poat-operative
teating. The characteristica of the post-operative patient
group for the CPT are deacribed in table 4.

Nineteen age and education matched control subjecta
were usecd i1n order to provide the patient group with an age
and education matched control group. The characteriaticsas of

the CPT control group are described i1n table 4.

Teats, Materials, and Equipment.

Testa.

Teata :included the Weschler Adult Intelligence
Scale-Revised (WAIS-R), the Mini-Mental State Examination
(Folatein, Folatein and McHugh, 1973), the Wepman Auditory
Discimination Test (Wepman, 19538}, the sound blending
aubteat of the Illinois Teat of Psycholinguiatic Ablilities
(Kirk, McCarthy, and Kirk, 1968), the Memory and Learning
Evaluation by Selective Reminding (Buachke, 1973), the
Benton Visual Retention Teat (Benton, 19743}, Adminiatration
A (Benton memory’} and Adminstration C (Benton copy’? and the
Controlled Word Asaociation Teat (Benton and Hamsher, 1977)

as well aa two measures of pamantic fluency (Newcombe,
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The dependent measures included tha scaled scores for
the WAIS-R aubtests and the number of aerrors for the
Mini-Mental State Examination subtests, the Wapman test of
Auditory Discrimination, the asound blending subtest, Benton
Memory and Benton Copy. Other dependent measures incliluded
the number of trials to criterion which ia the number of
trials required to recall all ten i1tema from the list for
the Selective Reminding Test and the number of words for the
teats of verbal fluency.

The dependent meaaures from tha Selective Reminding Tesat
include conaiatent long-term retrieval, long-term atorage
and ahort-term retrieval which are measured in the following
manner. First, those words that have been recalled from a

particular trial to the final trial are conaidered worda

from consistent long-tarm retrieval. Thoae words that have
been recalled two consecutive times --that have not required
selective reminding during the recall trial-- have entered
long-term atorage. Thoea words that have not yet entered

long-term storage are retrieved from short-term atocrage and
therefore, reflect short-term retrievali. On each trial, the
number of words from c¢onalistent long-tarm retriaeval,
long-term atorage, and ahort-term retrieval arwe calculated
(Buschkea, 1973). Then, they are plcotted on a graph of
number of items& by number of trialsa. In other words, the

graph reflectas the number of items that asahould be retrieved



from a given catagory --consistent long-term retrieval,
long-term storage and short-term retrieval-- by the time a
subject reachea a given trial. The dependent measure for
LTS, CLTR and STR reflects the number of points acroas all
trials that are greater than three atandard deviations from
the mean of the norma (Buachke, 1973).

In characterizing the conatructs that were conaidered
important to assess--attention, memory and perception--1t
can be noted that it may be posaible to group the tests to
reflect several conatructs. If this is the'case. then these
tests may be grouped together in a pattern to signify a
deficit reflecting a particular construct. If, 1n addition,
a group of teatas reflect more than one conatruct, then this
may be ascertained by common intercorrelationa of teats
(Anastasi, 1968).

Many authora have asscciated certain tests with the
measurament of certain functiona. If thia ia indeed the
case, then these tests should be significantly correlated
with teats known to assess these functions (Anastasi, 1968).

Further, these tests may be associated with particular
independent measures such as tumor size and tha III-V IPL.
Thia would then indicate whether a particular function ia
affected by damage to a particular atructure. It can then
ba inferred that thia structure is aasociated with this
function, and especially aince the structural damage may be

occurring at the bran stem level, the brain stem may ba



where the influence on this particular function begins.
Becausa of the posaible asacciation of particular
cagnitive functiona with cartain subtesta of the WAIS-R, the
WAIS-R was chosen for this battary. Ruassell (1972b2) has
shown that those tesats loaded on particular factors
continued to load on the aame factoras even though overall
performance declined with cortical brain damage. A factor
analy=sia ashowed that the weight of each factor did not
change. The tesata that conastituted each factor remained the
aane (Ruaaell, 1972b). It would be important to examine
whether the same process of a decline in performance without
a change in the relationshipa of the subteata occursa with
subcortical damage. In order to get a maeasure of ''g" or

overall biclogical intelligence (Spearman, 1972, the entire

WAIS5-R was administered. In addition to providing a measure

aof 'g"” in order to detarmine if ''g" is affected by
saubcortical tumora, there was ancther advantage to
adminiatering the entire WAIS-R. In addition, to examining
overall g, one may compara factors that comprise 'g*
{Thuratone, 1938). That ia, components of "g" asuch asa
verbal and performance I1.Q. may be compared with one
another. Further, the effecta on certain functions
(attention, memory and perception) that have baan associated
with particular groupa of aubtaests may alao be ascertained.

Attention may be assessmsed by Arithmetic, Digit Span,

and Digit Symbol of the WAIS-R which have been described as
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the attention triad. These tests are all intercorrelated
with one another (Wechsler, 1981). Attention may alao be
agsessaed by serial sevena from the Mini-Mental State
Examination (Folatein, Folstein, and McHugh, 19795) aa well
as by the CPT,

Certain tests have been associated with memory as well
as attention. Immediate memcry has alsco been purported to
be tappad by those teatas comprising the attention triad.
Rumssell (1972b) found that memory was a factor in certain
WAIS-R subtests. The memory factor waa loaded with
Arithmetic, Digit Span, and to a lesaser extent, with Digit
Symbol. The modalities used for these taeaats also differed
so that it might be expected that Aricometic and Digit Span
would have in common more correlationa with other tests as
compared to Digit Symbol.

Memory may also be assessed by other subtests of the

WAIS-R aa well as by neuropaychological tests, Mamory may
he tapped by Information and Vocabulary of the WAIS-R and by

verbal fluency. Memory may be approached i1in two ways from
the atandpoint of modality apecificity:. auditory and visual,
Visual memory may be assessed by Benton Memory and the CPT.

Auditory memory may be tapped by Information, Vocabulary,
verbal fluency, the Selactive Reminding Teat, and the three

word memory test from the Mini-Mental State Examination.

The Benton Temst of Visual Retention (Benton, 1974) was

adminiatered by using two forms as well as two atandard
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administraticons. Benton memory consistas of a ten seacond
exposure of the atimuli followed by immediate raproduction
of the stimuli. Thia is Administration A and Form D ia
used. Banton copy allowas tha stimuli to be viewad whila it
is being copied by the subject. Thia is8 Administration C
and Form C ias used.

The Mini-Mental State Examination asaesses several
functions including attention, concentration and memory.

The subject was given the standard adminiatration of the
test. Itema that were analyzed include sarial asevens, a
meaaure of concentration, in which the subject ia required
to aubtract "7 from "100" and then to aubtract "7" from
that responae and aoc forth. The three word maemory test
requireas that the aubject recall three words. After soma
intervening tasks that the aubject performs aa part of the
Mini-Mental State Examination, the subject ias again requaired
to recall]l] the three words. Preasumably, the words have been
consolidated in memory by thia time and thua, this is a good
maasure of conaolidation and LTM.

Memory may alao be approached by examining ita three
pProcessaesa: encoding, consoclidation, and retrieval. These
procesass may be measured by uaing the Selective Reminding
Teat. The triala-to-criterion measure was usaed aa a measure
of memory consolidation. The long-term and short-term
stages of memory may alsc be tapped by the Selective

Reminding Tesat,. Separate componenta of memory including
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long-term atorage, short-term retrieval, and conaistent
long~term retrieval are also purported to be assessed by the
Selective Raminding Teat. The operatiocnal definition of
long-term storage ia the number of items which have been
recalled two consecutive times, The recall of an item on
two consecutlive trials does not neceasarily indicate that
the item is in long-term atorage. It may inatead indicate
that the item is 1n the procesa of being consclidated 1n
memory, but is still being retrieved from a short-tersn
atore. By definition, items that have not yet entered
long-term atorage are retrieved from ahort-term storage.
Itema in consistent long-term retrieval are defined as those
items that are conaistently recalled from any given trial to
the last trial. Rather than designating these 1tems as
iteama from conaiatent long-term retrieval, thease may be
itemsa that have been consolidated in memory.

Perceptual proceases may be assesaad by examining both
visual and auditory perception. Visual perception may be
assessed by Benton copy., Benton memory, and the CPT.
Auditory perception may be assessed by the Wepman Test of
Auditory Diacrimination (Wapman, 1958) and the aocund
blending subteat of the Illinois Teat of Paycholinguiatic
Abilit:aes.

The Wepman Test of Auditory Discrimination (Wepman,
1958) cconesists of 40 word pairasa which are either identical

or different. Thomse word pairs that are not identical
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differ becauae of different phonemea: ejither vowela or
different conacnants such as stop conaonants, nasals, or
fricativaa occurring either at the beginning or the end of
the word. The subject ias raequired to identify whether the
word pairs are the same or different. The tesat is scored
for overall errors as well as for error type as describaead
above: vowel errcra, atop conaonants, nasgals, fricatives at
the beginning or at the end of the word. Norma show that
greater than three errora indicatesa inadeguate development
cf auditory diascrimination.

The asound blending subtest of the [llinoia Teat of
Paycholinguiatic Abilities (Kirk, McCarthy, and Kirk, 1968)
conaiats of 32 worda, asome of which are real words while
others are nonsense worda. The axaminer enunciates the
phonemes of each word at the rate of one phonema per
one-half secaond. The subject then ia raquired to blend the
soundsa to form a word. Tha teat is scored for number of

errors.

Apparatus for the Continucus Performance Teat (CPT).

Thia teat was used as a measurs of (tonic and phasic)
alertness. The dependent seasures were reaction time,
variance to the reaction time measure, errors of omisaion
and errors of commission. Errors of omiasion occur when the
subjact does not reapond to a target letter while arrora of

commisaion occur when the subject reaponds to a non-target
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letter. The letters that were used includad the following:
A,B,C,E.F,L,M.N,P and the target letter "X". These are the
same letters which are used on the standard CPT originally
devised by Roavold and Mirsky (1956). A standard cathode
ray tube (CRT) was used to present the letters. The CRT was
a Televideo terminal. The program was run on a Northstar
(ZA0 based) computer. Prasentation time waa 2.44 seconds.
The interatimulus interval was zZero. The CPT consiated of
800 atimuli: of these, 180 atimuli (22.5%) were target
atimuli. The test was divided into ten time epocha of 80
atimuli per epoch. In each time epoch, there were eighteen

target stimuli and 62 non-target astimuli.

Elactrophysiclogical Apparatus and Procedurs.

The III-V interpeak latency (IPL) was used as a
dependent measuyre because 1t was found to be asensitive to
brain atem compressiocon and was alaoc associated with the
rostral pontine-midbrain area, which has bean linked to
alertness and attentional procesaes.

The procedure for all subjectsa included preparing the
skin with acetone and Omni Preaep at location Cz, forehead and
each earlobe. Gold electrodes were then secured with Grass
paste at thesae ajtes. All impedencea were below 3000 ohme
as determined by a Grasa impedence meter (Graas Inastrument
Co., Quincy, Maasachusetta). The patient then was directed

into an electrically ahiaelded rcom and inatructed to lay in



a supine position on the bed. Electrodes then were
connected to a Grass P-5 pre-amplifier which in turn was
connected to a Nicolet S01A amplifier (Nicolet Instrument
Corp., Madiason, Wisconain). The analog amplified signal was
digitized by a Nicolet Med-80 computer systen.

Patienta were then fitted with Nicoclet headphones. A
100 usec click was presented to one ear at 10.1 Hz while the
other ear was presented with 50 dBHL <(hearing level) of
whlite nolse to ensure no cross-talk,. Thresholds were
obtained by asking the subject when s/he did or did not hear
rhe click aa the intensity was changed using an ascending
and deascending order of presentation. The threshold was
then noted and the subject received a click at 60 dB above
their threshold. Both ears werea teated if hearing was
preasent.

Ten maec artifact free epochs were averaged 3000 times
using a Nicolet Med-80 while clicks were presented to the
unaffected ear. Filter settinga for the amplifier were from

1950 Hz to 3KH=z.

Procedure
Patient Group.
Patients were evaluated shortly after entering the
hospital prior to surgery. All patients gave informed
consent. Patients were teated during a three hour teating

seasion. There were ten minute breaks after every fifty
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minutaes of testing. Demographic characteristics first werae
acquired and rapport waa eatablished between the examiner
and the aubject. All patienta then were adminiatered the
paychometric tests in the following order: WAIS-R,
Mini-Mental State Examination, Wepman Teat of Auditory
Discrimination, Illincis teat of Paycholinguiatic Abilitieas:
sound blending subtest, the Selective Reminding test and the
Visual Retention Test {(Benton memory and Benton copy). The
varbal fluency teat was added to the protocol after the
study had begun, and thus was administered to the last 14
subjects. Standardized instructions were used for all
tests, Verbal fluency was assessed with the Controlled Word
Assoclation Test and two meaaures of semantic fluency.

The CPT waa then adminiatered. Since no standard
inatructions were avalilable, the following was read to the

subject prior to beginning the teat:

“In the center of the screen, you will see a random series

of letters appear, one at a tima. Whenaver you see the
ietter X', press the red button as quickly as you can.
Don‘t presas it for other latters - only for “X'". If you
miss an ''X" or presa the button accidentally for another
lettar, kaeep going - don’t stop. I will tell you when the
test is ovear. Do you underastand? Remember, evary time an

"X appears on the screen, press the red button as quickly
as yocu can.”™

The aubject had to reapond by presaing the response
button during the 2.44 seconds that the target letter wasa
displayed. If not, an error of omission was recorded. The

subject was told not to respond when a letter other than the
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target was diaplaved. I1f the subject did reapond, an error
of commission wasa recorded.

The BAER waa administered after the psychometric
battery;: either later that day or within the next day or
two. The exact procedure was repaated approximately 5 to 7

months post-oparatively.

Control Group

The control group was tested at a first testing
saasion. All controls gave informed consent. The following
tests were administered to the control group in the
following order: WAIS5-R aubtestsa; Information, Digit Span,
Vocabulary, Arithmetic, Comprehension, Similarities and
Digit Symbol. Other performance subtesta were not used 1n
order to keep the battery to a reasonable length of time for
testing volunteer control subjeca. The Mini Mental State
serial sevans and three word memory teat were administered.
The Selective Reminding Teat was then administeread followed
by the Visuyal Retention Test (memory and copy?, verbal
fluency and the CPT. The same procedure was repeated

approximately five to seven months lsater.

Data Analyais
The correlation between patient’s tumor aize and
paychometric tests was calculated using Pearson

product-moment correlations. The Pearson was used instead
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of the Spearman because the dependent measures 1n this study
are 1nterval data. Pearson product-moment correlations were
aiso calculated between the patient’s tumor size and CPT
maaaures of reaction time, overall standard deviation of
reaction time, errors of commission, and errors of omission.
The correlations both between the [II-V IPL and
paychometric teata and between the III-V IPL and CPT
measures were calculated using Pearason product-moment
correlations, This was again the statistic of choice
because the dependent measures were interval data. Pearsason
product-moment correlations were also calculated betwean
paychometric tests and the CPT measures of reaction time,
errors of commisasion, and errors of omission. In order to
determina which tests cluatered together and thareby,
reflected a common function, Pearson product-moment
correlationa were alao calculated among all of the
paychometric tests . This was done for the patient group at
thea pre-operative and post-operative teating seaajions and
for the control group at the firat testing session.

It was datermined that orthogonal comparisons between
groups ware appropriate. Tha justification waa the
following: (1) the groupa were not randomly selectad but
were predaetermined and (2) apecific group differences as
wall as the direction of thaese diffaerences werea formulatad a
priori. Since there should be no compresaion in patiaents

with amall tumors, 1t had been predicted that there would be
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no significant differences between the small tumor group and
the control group on tests of attention and memory.

However, it was predicted that the large tumor group should
perform significeantly worae than the control group. Becauae
the ANOVA would omit the a priori determination of
directionality of effecta, the t-test was considered a
better atatistic to use for the purposes of these
comparisons. Kirk (1968} recommends using a t ratio for
planned orthogonal comparisona (p 73).

Further, an ANOVA ia only used to determine if there
are any differencea at all. Poat hoc comparisons are then
used to determine which groupa are accounting for a
singificant ANOVA. An ANOVA should not be used when
predictions of group differences have already baen made
(Kirk, 1968 p 73). Since differences were already
predicted, the ANOVA would not be appropriate and a t-test
should be used. In addition, on the basia of the
correlationa, it had been predicted that the performance of
the large tumor group would ba significantly worse than the
performance of the small tumor group. However, 1n order to
be consarvative in the analysis, a 2 tailed t-test was used.

By uaing a 2 tailed t-test, one decreases power and losea
directionality. Howavar, one gains a astricter criterion for
asignificance. Directionality and power were considered
important to retain for the comparisons between the large

tumor group and the control group because 1t had been
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predicted that the large tumor group’s performance should be
signitficantly worse than that of the control group. In the
case of the compariscn between the amall tumor group and the
control group, 1t waa believed that uasing a one-tailed
t-teat to compare the small tumor grcup and the controls
would work against the prediction of no differences between
the two groups. That ia, if there were indeed differences,
this would be more likely to be detected by a one-tailed
t-test. In this case, this was deemed ''more conservative”
because it would be important to detect any differences
between the small tumor group and the control group which
would indicate impairment i1in the amall tumor group.
Differences between first and second testing for each
group werea consasidered important to examine. These
particular comparisiona would indicate what improvement
could be attributed to the effects of the removal of the
tumor rather than to practice effecta. For example, a
compariaon could be made between performance on those tesats
that showed improvement in the control group which might be
attributed to practice effectas and performance on thosae
tests which showaed improvement in the patient group but not
in the control group which might then ba attributed to the
effecta of tumor removal. In order to do this, corrselated
t-teasta were used (Haya, 1963, pp.334). The advantage of
this statistic i1s that each subjact could serve aas hia‘/her

own control and in this way, inter-subject variability could
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be reduced and sampling error could be lowered (Haya, 1963,
pp.334). Thus, the isasue of the difference between
paerformance as a function of time of testing could be
examined. Because of the neceasity for data at both teating
times, the procedure could use oniy those subjects who had
completed both teating sesaionas.

When groups were contrasted on such measures as the CPT
{for reaction time as well as erroras of omission and
commissicon) where the N was small, Mann-Whitney U’s ware
uaed, It was determined that the Mann-Whitney U aa a
non-parametric measure might be more sensitive to group
differencea (Lezak and Gray, 1984). Non-parametric
techniques sometimes provide the statistical means for
identifying group differences that parametric techniques
because they require a larger N and are aensitive to
variance may fail to detect (Lezak and Gray, 1%84). For
example, the Mann-Whitney U is able to control for outlyers
because it employs the ranks of observationa,. The
Mann-Whitney U waa used as opposed to the t-test because the
samnplea are small and there is a posasibility that the form
of the population distribution is not normal (Guilford and
Fruchter, 1978). Bacause of the unaequal N“s, the
Mann-Whitney U was chosen aa the nonparametric statistic,
Further, it ia recommended as a good and relatively powerful
alternative to the t-teat (Hays, 1963, pp.533).

In order to determine how the change from pre-operative
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to post-operative testing correlated with pre-~-ogperative gsize
of tumor and both the pre-operative and post-operative JIII-V
IPl., difference scores were derived by subtracting the
post-operative from the pre-operative acore. The mean was
substituted for any missing data points for any variable.
Spearman rank order correlations were then uased since the

difference scores had a limited range.
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Resuits

One tailled t-testa revealed no significant differences
between the large tumor and control groups in age (t=1.33,
df=23) or education (t=1,12, df=23). In addition, there was
no significant difference between the small and large tumor
patients in age (t=-0.735, df=24) or education (t=-1.16,
df=2d). The above tests were done for subjects for
pre-operative testing on paychometric testa. For
pre-operative teating for subjectas on the continuous
performance teast, t-teata ahowed that there were no
aignificant differences bhetween the patient and control

group in age (t=0.,16, df=9) or education (t=0, df=9).

Pre-operative Measures.
Correaelations for Psychometric Measurea.

FPearaon correaelations were performed between tumor size
and psychometric tests on pre-oparative testing. Table 5
lists all of the paychometric testa with their respective
correlations with tumor size, the number of subjects, and
tha p valuesa. Thare was a significant correlation betwean
tumor size and the following tasta: Verbal 1.Q., Forward
Digit Spen, Digit Span, Vocabulary, Arithmetic, Benton
aamory and the Selective Reminding Teat. Testa that did not
ashow a asignificant correlation with size of tumor included
Benton copy, Backward Digit Span and teata of verbal

fluency. The number of subjecta ranged from 22 to 26



because four subjects wanted to terminate the sesaion before
completion. The number of subjects for verbal fluency is
between 10 and 14 because thias test waa added after the
atudy had begun.

There was a significant correlation between size of
tumeor and the III-V IPL (r=.588, n=18, p<.0l). Pearson
correlations were performed between the III-V IPL and
paychometric measures on pre-operative testing. Table &
indicates that there was a aignificant correlation of the
IIiI-V IPL with vowel errors from the Wepman Test of Auditory
Discrimination, Verbal 1.Q., Performance I.Q., Full Scale
I1.0., Backward Digit Span, Digit Symbol, Bentcn memory and a
marginally significant correlation for Digit Span and
Vocabulary. The remaining paychometric teats were not
asignificantly corraelated with the III-V IPL. The maximum
number of subjecta were 20 and not 26 because only 20
subjecta were tested on the BAER. Again, the reason that
there was a range of subjecta from 12-20 was that verbal

fluency was added later.

Correlationa with the Continuous Performance Test

There was a aignificant correlation between the
Continucus Performance Test (CPT) and tumor size on
prae-operative testing. In the pre-coperative tasting
sessi1on, overall latency of reaponsa (mean reacticn time)

was significantly correlated with tumor aize as deacribed 1n
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table 7. However, since the function of tumor s31zZe wlith
mean reaction time did not appear linear on i1nspaection of
the scatterplot, logarithmic tranaformations of the data
were made and a significant correlation waa still obtained
(r=,.,80, n=10, p<.01). Errors of commission and errors of
omission were not significantly correlated with size of
tumor. The mean number of errors of omission and commisaion
was very low for the tumor group. Only three subjecta made
errors of omission and aeven subjects made errors of
commiaaion, but the range of errora waa very reatricted
(0~4) except in the case of one aubject (19, The III-V IPL
was not significantly correlated with any CPT measures (see

table 8.

T-teata on Paychometric Meaaures
Table 9 showa the means of the paychometric tests for

each of the patient groupsa and the control group. One
tailled t-teats significantly differentiated the large tumor
group from the control group on Arithmetic and the Selective
Reminding Test. There were no significant differences
between these two groups on any other psychometric measures.

Table 10 shows that There was no significant differences
between the amall tumor group and the control group on any
measureaes,. Two tailed t-tests, used as a more conservative
neasure, were calculated between the large tumor and the

smali tumor groups. Significant differences werae found



between these groups on the following tests! Digit Span,
Forward Digit Span, Arithmetic, Vocabulary, Verbal I.Q., and

the Selective Reminding Teat (asee tabie 11).

T-teats on the Continuous Performance Teat

One tailed t-tests revealed no significant difference
between the large tumor patienta and their matched control
subjectas on mean reaction time, errors of omission, and
errora of commisasion (see table 12). There was alao no
si1gnificant difference between the small tumor patienta and
their matched controla or between the large and amall tumor
patients on the same above measures. Table 13 shows that
there were no significant differences between the entare
patient group and control group on mean reaction time,
errora of omiasion, errors of commission and the overall
standard deviation of reaction time. Since the number of
subjects i1n both the large and small tumor groups was amall
(s1x were small tumor patients and four were large tumcor
patients) and asince the diastribution was ncoct normal,
Mann-Whitney U’s were caliculated. There was no signifi:cant
difference between the large tumor patienta and controls on
the CPT mean reaction time measure (u=3, 2 tail p=.387) nor
between amall tumor patients and controls (U=17, 2 tail
pP=.873) and the large and small tumor patients (U=5, 2 tail

p=.136).



Pre-operative correlations of CPT measures with Psychometric
Teata.

In order to assess the relationship of the TPT to the
~ognltive measures of both memory and attention, Pearson
product ~moment correlations were calculated between the CPT
measures of mean reaction time with the various paychometrac
measures. As noted above, the N of subjecta with errora of
omission (N=3) or commission (N=7) was small and therefore,
correlations were not done between these measures and
paychometric tests,

Mean reaction time of the CPT was significantly
correlated with Arithmetic (r=0.%6, p<.05) and Benton memory
(r=0.56, p<.0%). The logarithmic tranaformed measure tor
mean reaction time was also significantly correlated with
Arithmetic (r=-0.56, p<.05%) and Benton Memory (r=0.,359,
p<.03). However, i1t must be noted that the N of subjects on

pre-ocperative teating for the CPT was only ten.

Post-operative Measures
Correlationa of Psychometric Maasures

Eighteen aubjects were included in the post-operative
analysia, There was no asignificant correlation between
pre-operative size of tumor and post-operative performance
on psychometric measures. Pre-operative tumor size and the
post-operative III-V IPL measure were significantly

correlated (r=.559, n=14, p<.05%).
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Pearson correlationa were performed between the [II-V
IPL and paychometric measures for patients on post-operative
teating. Backward [Digit Span correlated significantly with
the III-V IPL (r=-.447, n=14, p<.03>, However, nao
significant correlations were observed bhetween other tests

and the III-V IPL.

Correlations with the Continuous Performance Test

In the post-operative teasting seasion on the CPT, there
waere no significant correlationa between tumor size and mean
reaction time. The only time aeapocha that showed a
aignificant correlation with tumor sizZe were epochs one
(r=.431, n=19, p<.05) and two (r=.461, n=19, p<.05). Again,
there was no significant correlation between the III-V IPL

and any CPT measures post-operatively.

T-testas on Paychometric Measures

T-tests were calculated between the large tumor and
control group, s=mall tumor and control group, and large and
amall tumor groupa and there were no significant differences

between the groupa on any measuyres.

T-teatas on the Continuous Performance Test.
The resultas of correlated t-tests betwaen the entire
patient group and the control group are the following.

There was a aignificant difference between the groups on the
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maean reaction time measure (t£t=2,08, df=18, p+<.05) and on
errors of omission (t=2.73, df=18, p<.03). The patient
group’a performance was significantly worse than the control
groupsa’a performance. The large tumor group was compared toO
controla and there was a asignificant difference in the
overall mean reactioi time (£t=5.00, df=11, p<.001) and
errors of omission (t=2.35, df=11, p«<.03). There was no
aignificant difference in errcors of commission.

The small tumor group was compared to controls and
there was no asignificant difference in the overall mean
reaction time, errors of omissaion, or errors of commission.
There was no saignificant difference between the large tumor

group and the small tumor group on these measures.

Pra-Posat Operative Measures
T-teata and Mann Whitney U’a on Paychometric Measures
Correlated t-testa were performed to compare the entire
patient groups pre-operative and post-operative acores. The
increase in mean level of performance was significant for
the following teasts on the one-tailed level: Verbal I.4.,
Digit Span, Arithmetic, Digit Symbol, and the Selective
Reminding Teat, Performance I.Q. and Full Scale 1.d. (aee
table 14). There was no decrease in performance on any
paychometric test. Teata in which there was no difference
from pre- to poat-opearative teating included Benton Copy,

Benton Memory, Information, Vocabulary, Comprehenasion and
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Simileraties.

Correlated t-tests were also calculated between the
large tumor patients’ pre- and post-operative performance.
Table 15 showa that there waa significant increase 1n
performance on the following tests: Verbal 1.Q., Forward
Digit Span, Digit Span, Performance 1.d., Digit Symbel., Full
Scale 1.0, and the Selective Reminding Tesat.

Correlated t-teastsa were alao calculated between pre-
and post-operative performance on testa for the small tumor
patients. The only test that ashowed a asignificant
improvement was Fuil Scale 1.Q@, (t=2.70, df=5, p<.09).
Since the N was amall, Mann Whitney U’s were also pertormed
betwaeen pre- versus post-operative performance on Full Scale
I.Q. Thera was no aignificant difference on the
Mann-Whitney U (U=11.5, n.s.).

Correlated t-tests were calculated for controls fairstc
versus second testing performance on psychometric testsa.
There was no significant difference on any of the teats for
firat versus second teating performance except Vocabulary
(t=2.29, df=8, p<.05) and Verbal I.&. (t=1.85, df=8,
p<.-03).

Pre-Post III-V Interval Measuraa

Mean interpeak latency was not aignificantly different
from pre-operative to post-operative teating for the tumor
group (X1=2.187, S.D.=.63, X2=2.076,5.D.=.195, T=.85,

DF=13). Mean interpeal latency alao did not significantly
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differ from pre- te poat-operative testing for the large
tumor group alone (X1=2.266, S.D.=,734, X2=2.118, S.D.=.200,
T=.803, df=9).

Difference acores were derived by subtracting the
pre-operative performance of each measure from the
poat -operative measure. It there was missing data, the mean
was substituted for the missing data. Thia occurred i1n only
one case for Benton Copy. four cases for the pre-operative
interpeak latency measures and five cases for the
poat-operative interpeak latency meaaure. The change 1n
interpeak latency correlated significantly (Spearman
rank-order?!) with the change 1n the following teat acoresa:
vowel errora from the Wepman Test of Auditory Diacrimination
(r=.394, n=18, p«<.03%), Performance 1.Q. (r=-.,529, n=i§,
p<.01), Full Scale I.Q. (r=-.434, n=18, p<.0%), Forward
Digit Span (r=-.424, n=18, p<.035), Digit Span (r=-.440,
n=18, p<.0%), Digit Symbol (r=-.454, n=18, p<.05), and
Banton Memory (r=.308, n=18, p<.05). Although size of tumor
was aignificantly correlated with change in peak latency
(r=.500, n=18, p<.0%), the only teat that correlated
significantly with asi1ze of tumor was Forward Digit Span
(r=.441, n=18, p<.05). This was a poajtive correlation
which means that an increase in performance on Forward Digit

Span was associated with larger tumors.

Post-operative correlation of CPT with Paychometric Tests.
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Mean reaction time of the CPT wasa significantly
correlated with Forward Digit Span (r=-.464, p<.05, Benton

Memory (r=.413, p<.03), and Digit Symbol (r=-.4l4, p<.03).

Pre-operative and post-operative correlations among
Pasychometric Tesatsa.

The attention triad has been described as being
comprised of Arithmetic, Digit Symbol and Digit Span. For
the patient group on pre-operative testing, Digit Span was
correlated significantly with Forward and Backwara Digit
Span, Arithmetic, Benton memory, and the Selective Reminding
Tast . Significant correlations were observed between
Arithmetic and all of the above tests with the exception of
Backward Digit Span. In addition to its significant
correlationa with the above tests, Arithmetic was
significantly correlated with Digit Symbol. Digit Symbol
was significantly correlated with Arithmetic and Benton
mamory.

On poat-operative teating, Digit Span was correlated
significantly with all of the same tests with which 1t had
been correlated pre-aoperatively: Forward and Backward Dig:it
Span, Arithmetic and Benton memory. Arithmetic was still
correlated with the same teats with the axception of Forward
Digit Span and Digit Symbol. An additiconal significant
correlation was observed on pcocat-operative taeating between

Arithmetic and Backward Digit Span. On post-operative
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testing, Digit Symbol was correlated eignificantly with
Benton memory.

Memory may be asaessed by the Selective Reminding Test
and Benton memory. On pre-operative testing, Benton memory
and the Selective Reminding Test are significantiy
correlated with one another. They alsc have the following
asignificant correlations in common: Digit Span, Backward
Digit Span, and Arithmetic. In addition to the significant
correlationas with the above tests, Benton memory was
aignificantly correlated with Digit Symbol. The Selective
FReminding Teat was aignificantly correlated with Forward
Digit Span. On poat-operative teating the Selective
Reminding Test was significantly correlated with Arithmetic.

Benton memory was correlated significently with Digit Span,

Backward Digit Span, Arithmetic and Digit Symbol.
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Discussion

This theaias examined the effects of brain atem
compression from posterior fossa tumora cn mamory, attention
and auditory-perceptual functions in man. Three hypotheses
ware teated: (1) posterior fossa tumors impaLlr
suditory-perceptual processing within the linguiatic domain
and consequently the encoding of information; (2) posterior
fosaa tumors selectively affect the memory processa; and (3)
these tumors i1nterfere with both attention and memory
procesases,

Twenty-six patients with poasterior fossa tumors and 10
age-matched controls were evaluated using a battery of
psychometric and neuropaycholocgical taats that was designed
to assess variocus aspects of auditory-perceptual
functioning, attention, memory and overall cognitive
ability. The patient group was subdivided intoc those with
large tumors and those with small ones, Subseadquently, 18 of
the patients were reevaluated five to seven monthas after the
surgical removal of the tumor, and nine of the controls were
reteated after approximately aix montha, The data wera
analyzed so that teat performances were compared both across
the three groups and for changesa within each group.

The findingas from the initial testing showad no
differences in performance between the amall tumor and the

controla. The large tumor group., however, performed
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significantly poorer than the control group on the
Arithmetic aubtesai of the WAIS-R and the Selective Reminding
Test and significantly worse than the amall tumor group on
the Digit Span, Forward Digit Span, Arithmetic, and
Vocabulary subtests of the WAIS-R, as well as on Verbal
1.9., Full Scale 1.Q., and the Selective Raminding Tesat.

Fellowing the surgical removal of the tumor, the amall
tumor group improved significantly only on Full Scale I[.Q.
The large tumor group, however, i1mproved on Digit Span,
Forward Digit Span, Digit Symbol, Verbal 1.Q., Performance
1.Q,, Full Scale I1.Q. and the Selective Reminding Teat. For
the control group, performance on Verbal 1.4. and Vocabulary
improved on retesting. No paychometric teats significantly
differentiated the groups on poat-operative teating.

The relationship betwaan tumor size, aas assesnsed by CAT
acan and size at operation, and performance on each
paychometric meaaure was evaluated using Pearson
product -moment correlation coefficients. Significant
correlations were obtained between tumor aize and
pre-operative acores on Verbal I1.4d., Digit Span, Forward
Digit Span, Vocabulary, Arithmetic, Bentcn Memory, and the
Selective Reminding Tesat. No tesats were significantly
correlated with pre-surgical tumor size on post-operative

tasting.

Pre-Operative Group Differences
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No pasychametric or neuropsychological teats
aignificantly differentiated the amall tumor group from the
control group, and only two teats differentiated the large
tumor group from the controls: the Arithmetic subtesat of the
WAIS-R and the Selective Reminding Teat, both of which are
believed to asaess auditory memory and attention. Although
one may hypothesize that large tumor patients have deficitsa
in these functions, such deficits did not appear on other
teatas that measure short-term auditory memory and/or
attention such aa Digit Span, the three word memory test and
serial sevena of the Mini-Mental State Examination.

The apparent inconsistencies may result from aubtle
differencea between the tests. Whereas Arithmetic and the
Selaective Reminding Teat primarily involve wordas, Digit Span
involves numbers and there ia data to suggest that number
apan may be easier to recall (Nawcombe, 1969). Similarly.
unlike Arithmetic and the Selective Reminding Test, serial
sevena involves simple calculationsa requiring little memory.

Likewise, the three word memory test places conly minimal
demand with regard to apan and memory load. Therefore, it
appears that certain tests may be less sensitive than othera
to the cognitive deficitas.

Pure concentration and memory consolidation did not
appear to be affected by brain stam compression from large
tumors as reflected by the lack of differencea between the

large tumor group and controls 1n performance on the serial
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sevens and three word memory teat of the Mini Mental-State
Examination. For the large tumor group, the findings show
asome evidence of a deficit in tamasks regquiring an interaction
between attention and memory. There ia no evidence,
however, of a deficit in taaks specific to attention or
nemory alone. Cognitive deficits also did not appear on
Benton Memory which ia a viaual memory test. No deficita
specific to auditory-language functioning were found for the
patient group.

Surpriasingly, the large and amall tumor patients were
found to differ significantly on several --not jusat two-- of
the pre-operative measures, As with the large tumor and
control subjecta, the differencea between the two tumor
groups seemed to center primarily on attention and memory as
evidenced by their performance on the Arithmetic subtest and
the Selective Reminding Tesat. The tumor groups also
differed on Digit Span and apecifically on Forward Digit
Span, a taask of attention and immediate memory. They dad
not differ, however, in visual memory or in their
performance on serial sevens and the three word memory tesat
of the Mini Mental-State Examination, aa was the caase with
the large tumor and control groupa.

One unexpected finding waas that the amall tumor group
also ascored aignificantly higher than the large tumor group
on the Vocabulary subteat of the WAIS-R. Thia finding 1is

difficult to explain and is not conaistent with the findings



of other verbal teats (i.e., Similaritiea, Information and
Verbal Fluency), which did not asignificantly difterentiate
groups. Therefore, it is unlikely that theae patienta
axperience s real language deficit.

The differences baetween the two groups in their
performance on Verbal I.d. and Full Scale I1.4. are probably
not attributable to differences in overall cognitive
functioning. Rather, they may be reflective of the
differences in performance ch the Arithmetic, Vocabulary and
Digit Span subtesta, all of which make up these 1.4.
measures.

It ia curious that fewer teats aignificantly
differentiated the large tumor from the control group than
from the amall tumor group. This unexpected finding may be
explained by the fact that the control subjects were the
cldeat of the three groups (although not significantly),
since it is well known that one’s ability to sustain
attention and memory generally decreases with age (Williama,
1970b) .

Group differences in errora of omission and commiasion
ware not found on the Continuous Performance Test
pre-operatively, which one would expect to find if the
patients had true attentional deficita. However, it 1s
posgsible that this was due to a floor effect: the task may
have been tooc easy. Errors on the CPT occurred at a very

low frequency 1n all three groups. There were alaoc no
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Pre- and Poat-operative Comparisonsa

Subsequent to pre-operative testing, all groups were
reasseased on the psychometric and neuropsychological
measures. The control group showed significant improvement
on Verbal 1.Q. and Vocabulary --an improvement most likely
attributable to practice effects. The fact that the
performance of the control group on other measuresa did not
differ from pre- to poat-operative teating suggesta that
other improvementa that occur in the patient groups are
consistent with the hypothesis of recovery of function and
not reflective of practice effectsa.

Similarly, the amall tumor patienta who showed no
deficita on pre-operative tesating relative to the controla
demonatrated significant improvement only on Full Scale I.d.

Performance on the tests of specific neuropaychological
functioning, however, remained unchangeaed. Small but
significant practice effecta have been found in an
evaluation of the performance of a similar age group on Full
Scale 1.Q. (Waechaler, 1981).

Of all the groups, only the large tumor group showed
saveral changes from pre- to post-operative teasting. These
patienta improved post-operatively on Forward Digit Span,
Digit Span, Digit Symbol, Selective Reminding Test, as well

aa on Verbal, Performance and Full Scale 1.Q. Five of theae
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seven measures were among those tests on which the large
tumor patlients showed signiticant impairment pre-operatively
relative to either one or both of the other groups. In
addition, of the seven measures on which the large tumor
group showed pre-coperative impairment (1.e. Forward Digit
Span, Digit Span, Arithmetic, Vocabulary, Verbal I.4Q., Full
Scale 1.d. and the Selective Reminding Test), five showed
peoat —operative improvement. Thusa, the areas of
post-operative improvement appear toc be relatively specific
to the areaa of i1mpairment.

The two teats on which the large tumor group showed
significant impairment pre-operatively and no subsequent
improvement were Arithmetic and Vocabulary. Although there
were fewer subjects on aecond teating, there wasas no
significant difference in educational level for large tumor
subjects from first to second teating. Therefore, the lack
of improvement on the Arithmetic and Vocabulary aubteats
could not be attributed to a lower laevel of education aon
gaecond testing.

The lack of improvement on the Vocabulary subtesat 13
not surprising since performance on thias asubteat ia known to
bae relatively resistant to brain damage in the absence of
aphasia (Gonen and Brown, 1968). Furthermore, the poorer
pre-oparative performance on thia subtest may well be
statistically artifactual and not reflective of linguistic

processing deficits because of the relatively normal
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performance on all other tests of linguistic ability.

The lack of the large tumor group’s improvement on the
Arithmetic subteat may be explained by the fact that thisa
taak requires maximal concentration: it requires the
manipulation of numbers 1n short-tarm working memory
si1multanecous to the performance of arithmetic operations on
these numbers. Poasibly, when the syatem 1a preased, the
improvement appears not toc be complete.

Performance on Digit Symbol, which improved
poat -operatively, waa not aignificantly impaired
pre-operatively for the large tumor group relative to the
other groups. Increased attention could lead to i1ncreased
learning on Digit Symbol which would then reault in improved
performance. Moreover, thias was also characterized by the
improvement 1n the Selective Reminding Teast. Although
Performance I1.Q3. did not show an impairment and mean
Performance 1.d. did i1ncrease on post-cperative testing,
this is probably not reflective of improvement in a specific
cognitive ability. Rather, Ferformance 1.0d. 13 affected by
tha higher performance on the Digit Symbol subteat.

In summary, following the removal of the tumor,
patients with large tumors appear to improve in moat
measures of attention and memory with the exception of the
Arithmetic subtest. Furthermore, the improvements are
relatively specific to the testas on which the jarge tumor

group demonstrated pre-operative 1mpairment. The taska for



which performance i1mproved are those that require 1mmediate
retrieval of a apan of information. Interestingly. thesae
patients reported that they observed along with other
aymptoma of th=2 tumor, a mild memcry loss, which appeared,
for example, when they would try to recall a telephone
number . Like Forward Digit Span, this taak requaires

apprehension of a span of information.

Poat-operative Group Differences

The large tumor group, which clearly was impaired prior
tn the removal af the tumor, showed sauch improvement in
post-operative testing that there were no laoanger any
significant differencea between the groups on any
paychometric or neuropasychological measaure, This indicates
that the mechanism that was affecting pre-operative
performance decraments for the large tumor group 13 no

longer operative.

Brain Stem Compresasasion

Moat likely, it waa the compression of the brain atem
~--not tissue damage-- that led to the cognitive deficits.
Had the deficits been caused by tisasue damage, the
impairments would have been permanent.

Further corroborative evidence for the effects of brain
stem compreasion on attention and memory functions were the

aignificant correlations between tumor size and the various
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test measures. Morecver., the significant correlations
between the III-V IPL, a measure indicating brain stem
compression (Zappulla et al., 1982), and variocus
paychometric measurea alsco provides evidence for the role of
brain stem compression in attention and memory functions.
Along with the 1.d. measures of general cognitive abilaity,
thesa measures included Backward Digit Span, Digit Symboil
and Benton Memory.

Overall, the data indicate that patienta with large
poaterior foasaa tumors ahow deficits in attention and memory
relative to a control group. These patients improve
following the removal of these tumorsa. Further, there are
no significant differences between the groups on aecond

testing.

Review of Hypothesea

Of the three hypotheses that were teated in this study,
the firat hypothesis was not supported --that tumor patients
have deficita in auditory-perceptual procesasing in the
linguistic domain and therefore an impairment in encoding in
menory . It appears that auditory-perceptual proceasing ia
not affected as evidenced by the fact that performance on
the Wepman Test of Auditory Diacrimination and the aound
blending subtest of the Illinois Test of Paycholinguistic
Abilities was within normal limits. There were no

differences between the large and small tumor groups on



these measurea, and both groupa performed within the normal
range on norma previded for these tests.

The manner in which the testsa are given -both the
memory tests and the Wepman Test of Auditory Discrimination-
are face valid to the mode of presentation. That 1s, at the
level of the whole word, the 1nformation that 18 presented
auditorily is not diatorted encugh to affect encoding in
memory. But, it is clear that there are perceptual
processing problemsa. The following 13 evidence of this.
Yet, these perceptual problems are not related toc the task
demands of the tests that were employed.

However, other tests within the Central Auditory Test
Battery may be more sensitive to brain stem dysfunction than
the Wepman Teat of Auditory Diacrimination and the aound
blending subtest o0of the Illinois Test of Psycholinguistic
Abilities. The rapid alternating apeech reception (RASP)
and the binaural fusion tesat have been shown to be sensitive
to brain stem lesionsa. The ataggered spondaic word teat
(S5W) has alaoc been found to predict brain stem lesions
(Jerger and Jerger, 1976; Katz and Pack, 1975; Katz, 1975>.
Auditory discrimination abilities have ranged from fair to
normal in several cases of patients with acouatic neuromas
{Hendershot et al., 1981l; Musiek, 1982).

With regard to the second two hypothesea, the data 1i1s
far lesa clear. Tha second hypothesias --that memory alone

18 affected-- could noct adequately be tested. Although it
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appears that those measures that were significantly impaired
ware measures ot memory, i1t is difficult to separate the
attentional from the memcry components necessary for
performing these tashks. it ia clear, however, that teata
related to both attention and memory processes ara affected.
Therefore, the third hypotheais --that both attention and
maemory are affected by brain atem compression from large
poaterior fossa tumora-- is moat clearly supported.

Although the pure attentional task, the CPT, did not
ahow an impairment, thia may be expiained by the fact that
the taask was too easy, and that there was a floor effect.
Morecover, the high correlaticn between the CPT measure ot
reaction time and tumor size suggests that the abilaity to
sustain attention may be a function of the aize of the tumor
and therefore, of compression.

More clearly subatantiated ia the effect of compressaion
on teats that tap both attention and memory within the
auditory modality, such as Digit Span and the Selective
Reminding Teat. Further, it is those tasks in which a apan
of information i3 presented auditorally or sequentially over
time rather than spatially that showad an impairment --Digit
Span and the Selective Reminding Test. In contrast, tasks
in which information is presentaed viaually and spatially,
asuch as Benton Memory, did not ahow an impairment,

Parformance on pure attentional measures --Digit

Symbol, the CPT, and the aserial sevens measure of thae
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Mini-Mental State Examination-- was not impaired. Rather,
meaaures of short-term working memory that require attention
1n order for the subject to hold the information in
short-term working memory, such as Arithmetic, were
affectad. Memory teats that do not place as much of a
demand on attention, such as the Mini1 Mental-5tate three
word mamory test and Benton Memory, did not show an
impairment, possibly because the span of information i1s not
as great.

One queation that ariseas from the results is the reaaon
for the discrepancy between the impairment observed i1n the
LTG va, the STG and control Ss on the number of trials to
criterion and the lack of impairment on the other measures
of the Selective Reminding Teast such aas consaistent long-term
retrieval, short-term retrieval and long-term storage. This
might have occurred because the trials to criterion measaure
13 more sensitive to fluctuations in conscious effort whach
disrupt retrieval proceases. In addition to memory, this
maeasure reflecta concentration and attentional factors. The
other measures --especially long-term storage and consiastent
long-term retriaval reflect encoding and consolidation
processesa. Although short-term retrieval was also
unimpaired, it does not reflact retrieval of the entire span
of informaticn and therefore, it may not reguire as much
conacious affort.

In summary, tasks reqguir:ing vigilance and asuatained
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attention were not affected while tasksa requiring the
maintenance of i1nformation 1n active rehearsal werae.
Performance on tashs that require long-term retrieval, such
as verbal fluency. the Information aubtest of the WAIS-R and
the three word memory test, also was not impaired. it,
therefore, appeara that brain atem compressasjion affects those
tasks raquiring attention for rehearsal and short-term
working memory.

Although the tests administered in the current research
proved succesaful in tapping attention and memory deficita,
future research may incorporate other tesata. For example.
the 1mmediate reproduction administration of Benton Memory,
which was used in this atudy, is not particularly sensitive
to memory processes but rather to visual-perceptive and
mnotor processes, according to a recent study (Larrabee,
Kane, Schuck and Francias, 1385). The delayed reproduction
administration was found to be a more valid measure of
viaual memory (Larrabee, et al., 1985).

To delineate attention from memory further and to
measure visual memory specifically, future research on brain
stem compression should uae the delayed adminiatration of
the Benton Memory test. The Paired Asaociate Learning
asubteat of the Wechsler Memory Scale which dcesa not appear
to be highly corralated with linguistic or attentional
factors (Larrabee et al., 198%5) could be used as a valid

measure of relatively pure verbal memory in the auditory
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modality.

The effect ot apan of 1nformation on attentional
capacity could be further assesaed by deviaing a CPT tasak so
aa to vary the number o0f items presented at one time. This
would help assesa the relationship of performance as a

function of apan length to tumor size.

Modeis of Processing

The nature of the deficits evidenced 1n thias atudy may
be explained with respect to the model of “"controlled versus
automatic” processing, which purports that consciocusa effort
13 necessary for processaing information and storing 1t 1n
memory. The findings do not appear to addregss the “levelsa
of proceasing’” model, which poatulatea that memory deficits
reault from the inability to process information on a
semantic level. Because performance on the Arithmetic
aubteat does call for some linguistic processing it could be
argued that the lack of improvement 1n Arithmetic results
from deficits in semantic processing, thereby aupporting the
levels of procesasaing modsel. However, the data more strongly
support the mcocdel of controlled versus automatic processing
because most of the tasks that were impaired and improved
tollowing the removal of the tumor were tasks requiring
conscious “controlled” effort for memory.

The reason thoase taasks presaented to the auditory

modality were affected while tasks presented to the visual
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modality were not, may be that the auditory maodality places
a greater demand on attentional processes --that 18, 1t may
be the segquential nature of those taaka presented to the
auditory modality that 18 senaitive to the impairment.

Those tasks presented to the visual modality require the
procesaing of a lesaser apan of i1nformation and they reguire
the encoding of information presented spatially at one time;
the tasks presented to the auditory modality, on the other
hand, regquire the encoding of information presented
sequentially over time. Although a defjicit in linguist:ic
processing would be an alternative hypotheais, it does not
appear that such a hypothesia would explain the findinga.
Inastead, 1t appears that the capacity for attention i1s
limited by brain stem compression and the tasks presented to
the auditory modality are more sensitive to such a
limitataion.

In contrast to the smail tumor patienta, the patients
wilith large tumors have some type of deficit in their ability
to take in and conacicualy proceaa information, especially
when the apan of information 1s great. When information
must be processed with maximum conacicus effort, as 1n the
Arithmetic and Digit Span subtests and the Selective
Reminding Test, the large tumor group evidenced impaired
performance.

Thua, 1t 18 the controlled aspect of processing,

whereby wvoluntary effort 1s reguired, that 1s deficient ain



patients wlith brain stem compression from large posterior
fosaa tumors. The distinction between controlled and
automatic processing 1s based on the presence or absence of
~onscious effort: while controlled proceasing requires
deliberate attention to a task in order for the i1nformation
tm» be encoded 1n memory, automatic processing requlres no
voluntary attention for encoding to occur.

Specifically, tasks that are affected by brain atem
ccmpression (e.g., Digi1t Span, Arithmetic and the Selective
Faminding Test) require both attention and short-term
working memory which utilize controlled processing. 1n that
subjlects musat voluntarily attend to the task in order to
retain the information 1n memory. Those measures that are
not affected require pure attentional processing without a
memory component (e.qg,, the CPT}) and may be describea as
automatic-procesasing taaks.

There appears to be two forms of attention. One form
ia required tor vigililance tasks; 1t 18 a sustained, more
pasaive form of attention that i1s best deacribed as titting
the requirements for automatic processing, The other form
13 required for apan-like memory tasks;:; 1t 13 a more active
form of attention that 1s best described as fitting the
requirements for controlled procesaing. It is this latter
form of attention that is affected by tumora that compresa
ajainat the brain stem. Digit Span and the Selective

Reminding Test, both of which showed an impairment, may

os



WAL ]

require a voluntary,., effortful form of attention. The
Continuous Performance Teat, which did not =how an
impairment may represent a less voluntary and effortful and

A more automatic form of attention.

Capacity Theories

The capacity theoriea of attention and memory (Kahneman,
1973) are supported by the current research. These thecries
purport that there 1s a limited amount of attentioconal
reagurces available at any one time. In fact, the
controlled veraus automatic processing model 1s a derivative
of the capacity theories. It appeara that the amount of
attention neceasary for a tasi increases 1n relation to the
amount of material to be processed. Therefore, tasks that
entail a greater apan of information will place more of a
demand on the aystem. The data shows that pertormance on
theae taaksas 13 impaired, auggesting a deficiency 1i1n
attention. In contrast, tasks requiring a minimal load of
proceasing, such aas Benton Memory,., do not evidence an
impairmant, suggesting that only minimal attention 1s
reguired. Similarly, performance on tasks that do not
require recall, such as Digit Symbol, and tasks that reguire
sustained attention or vigilance, such as the CPT, are alsao
not impaired. The CPT, like Benton Memory, requires the
processing of only a limited span of information; in the

case of the CPT, only one item must be attended to at a
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given time,

Span of information may be rejated to theories of
selective attention: when there is competing stimuli, the
information to be processed must be more salient or relievant
in order for the subject to process that information.
Accordingly, the theories of Deutasch and Deutach (1963 on
the i1nteraction betweaen alertnesa and saliency of the
stimulus i1nput may be applied toc the current findings. Aa
stated 1n the selective attention theories, the less salient
the atimul: are, the more ajlert the subject muat be 1n order
to process the informat:ion. According to the current
findings, there 18 also an i1nteraction between atimulus
input and attentional processes; the amount of stimulus
input, as defined by the apan of :information., 1a directly
related to the demand on attention.

In a like manner, the hypothesia that a greater span ot
information places a greater demand on attention may be
addressed by the controlled versus automatic proceasing
maodel . Automatic processaing requlires leas effort than
controlled proceaaing (Hasher and Zacka, 1984). It has been
demonstrated that controlled procesases are dapesndent on load
"and are capacity limited (Shiffrin and Schneider, 1977).
Thus, information that places a demand on controllea
processes, such as the span-like taska, were impaired.
Information which placea a greater demand on automatic

procesasesa were unimpaired.
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In summary, span-like tasks place a greater demand on
attention and require more of the limited capacity available
for attention (Kahneman, 1973). It is these taska that
require controlled procesaing and that show an i1mpairment

when large tumors compress against the brain stem 1n man.

Conclusaion

The brain stem auditory evoked response did not
significantly differ from pre- to poat-coperative testing.
Thia ia 1n contraat with the finding that the
heuropaychological and paychometric teasta that were 1mpaired
pre-operatively improved after the aurgical removal ot the
tumor. A viablae explanation for thia is that the reticular
activating system is located medial to the brain astem
auditory pathway. Since tha tumor first compresses against
the lateral brain satem, the auditory pathway wouid be the
earliest structure compressed with the more medial RAS
involved only with increasing compressaion. Consequently,
the brain stem auditory pathway would be the mosat
suaceptibile to compreasive effecta and may be the least
likaly to recover. Therefore, the decrease in compresajive
effecta from medial to lateral in the brain atem may explain
the recovery of attention and memory (madial brain stem) and
the non-recovery of BAER’as (lateral brain stem)
poat -operatively.

Although the brain stem has previoualy been associated
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with attentioconal processes, and specirficailly with arcusail
(Bloch, 1970), 1t appears that 1t also plays a rcocle 1n the
attentional capacity for retrieval of a apan of i1nformation
from memory. Overall, the patienta with large posterior
fossa tumors were 1mpairad in thei.r performance on measures
requiring both attention and memory. Removal of the tumor
led to i1mproved performance on i1mpaired taaks, Thus, the
atudy of patients with large posterior fosaa tumors s an
excellent vehicle for understanding the effects of brain

atem compression on cognitive functioning ain human beings.



control

Large
Tumor
2.5-5.0

Small
Tumor
1.0-2.0

10

15

11

Table 1

Demographic Characteriatics

of Tumor Patients

and Controla on Paychometric Teats
at First Teating.

Mean

50.7

42.3

46.06

13.7

16.6

11.4

Range

24-66

16-566

27-61

EDUCATION
Mean 35.0. Range
14,3 2.5 10-17
13.2 2.4 9-17
14.5 3.2 84-19

113

TUMOR SIZE

Mean S.D.
3.5 .95
1.5 P



Table 2

Demographic Characteriatica
ot Tumor Patients
and Contrala on Paychometric Tesats
at Second Teating.

AGE EDUCATION TUMOR
SIZE

N Mean S.D. Range Mean S5.D. Range Mean

]
o

contraol 9 5S0.9 14.0 26-67 la.6 2.5 10-17 -

Larga

Tumor 12 42,0 16.8 16-66 13.2 2.5 9-17.5 3.4
2.3-95.0

Small

Tumor =Y 30.3 7.9 40-61 13.3 3.3 a8-16 1.9

1.0-2.0
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Tapie 3

Numper of Subjects 1n First
and Second Testing Groups.

FIRST TESTING SECOND TESTING

Neurcpsych CPT Neurcopaych cPT
amall 11 <Y =Y 7
large 15 < 12 12
normal 10 10 9 19

S5 of these were praviousaly teated on the neuropsych
meaasures. The remaining 5 were new controls



control

Large
Tumor
2.5-5.0

Small

Tumor
1.0-2.0

Tabpie «

Jemographic Characteristics
of Tumor Patients
and Controls on the CPT
at Second Teating.

AGE EDUCATION

Mean S.D. Rangea Mean S.D.

44 .3 15.3 le-67 l4.4 2.8

42.0 1.8 le-66 13.2 2.4

S50.93 7.4 40-61 14.1 3.7

Large and Small

Tumor
1.0-5.0

19

45.3 14.5 1l6-66 13.5 2.9

TUMOR SICE

Range Mean

~d
|

—

~J

n
1

5.D.



Table S

Tumor size with Paychometric and
Neuropsycholiogical Tests
Paaraon Correlation Coefficientsa

Tasts

Verbal I1.4.
digit span
forward digit span
vocabulary
arithmetic

Benton memory

Selective Reminding
Test
Long Term Storage
Conasiastent Long-Term
Retrieval
Short-Term Retrieval
Performance [.Q.
Full Scale 1.4.
Comprehension
Similarities
Backward Digit Span
Digit Symbol
Benton Copy
Wepman Test of

-0.42
~Q.41
-0.47
-0.41
-0.48

O.1l4
-0.01

0.05
-0.20
-0.29
-0.15
-0.04
-0.18
-0.26
-0.153

0.1l4

Auditory Discrimination

Sound Blending

Mini-Mental ser:ial 7=a

Mini-Mental 3 wd mem
Verbal Fluency

C

F

L

Animala

Supermarket

-Q.02
-0.08
.10

-0.13

0.01
-0.38
-0.02
-0.31

24
26
26
23
24

26

26

26
26

26
24
24
24
25
26
26
23
29

22
24
24

14
11
10
13
13

o<.0S
p<.05
p<.01
p<.05
P<.01

p<.05

p<.09

x Z

-

zZ ZZ
(YR ET)]
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The III-V Interpeak Latency with
Psychometric and Neuropsychological Tesats
FPearson Correlation Coefficientsa

Testsas

Vowal earrors on the
Wepman Test of
Auditory Discrim.

Full Scale I.Q.
Verbal I.d.

Backward Digit Span
Performance 1.Q.
Digit Symbol

Benton Memory
Dig:i1t Span
Vaocabulary
Benton <Copy
Selective Reminding
Long Term Storage
Conaistent Long-Term
Retrieval
Short-Term Retrieval
Forward Digit Span
Information
Arrthmetac
Comprehension
Similarities
Wepman test of
Auditory Discrim.
Sound Blending

Mini-Mental Serial 7s

Mini-Mantal 3 wd mam
Verbal Fluency
C
F
L
Animals

Supermarket

Tarie &

-0.40
-0.39
-J.40
-0.43
~0.42

.56
-0,37
-0.37
-0.12

0.12

.30

-0.03
0.21
-0. 24
-0.05
-0.15
~0.19
-0.31
Q.28

0.11
Q.04
0.12

0,35
-0.02
-0.14

0.23

.01

20

19
19
20
19
20

20
20
20
19
20
20

20
20
20
20
19
19
19
19

i
18
i8a

13
10

12
12

L ZZTZTZTIXTZ

2 2ZLTZT XL A 4
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Taple 7

Tumor Size with CPT Measuraes
Pearson Correlation Coefficients

on Pre-Operativea Tesating

Mean RT

Log of RT

Errora of Omission
Erroras of Commission

Overall Standard
Deviation or RT

10

10

10O

10

10

11q



Table 8

The III-v IPL with CPT Measurea
Paarson Correlation Coefficients
on Pre-Operative Testing

r n
Maan RT o.l8 9 N.S.
Log RT .19 = N.S.
Erroras of omisasion 0.02 9 N.5.
Errors of Commission ©O.17 3 N.S.

Overall Standard
Deviation of RT Q.29 9 N.S5.



Tabjle 9

T-Teat hetween Large Tumor Patients and Control
on Psychometric and Neuropsychological Tests
Fre-Uperative Measuras

Tastsa

Verbal I.d.

Digat Span

forward Digit Span
Arithmetic
Vocabulary
Selectivea Reminding
Consistant Long-Ternm
Retrieval
Short Tarm Retrieval
Long Term Storage
Benton Mamory
Benton Copy
Backward Digit Span
Digit Symbol
Information
Comprehansaion
Similarities
Mini Mental

serial asevens

3 word memcry
Verbal Fluency

C

F

L
Animals
Supermarket

Itanmns

N.35,.

Means
large control
98.6 104.6
8.1 3.0
7.4 7.5
8.4 l10.8
10.4 11.0
8.1 5.1
7.9 5.2
3.1 1.3
2.6 2.6
4.5 3.6
0.9 0.4
5.6 6.8
8.1 a.5
10.2 11.1
10.6 10.8
9.4 8.0
1.6 1.0
.9 .8
13.6 14.0
14.2 13.8
12.0 13.7
18.2 i9.1
22.7 24 .6

-1.26
-1.13
-0.14
-2.04
-0.69

2.67

0.94
1.30
0.03
c.77
1.15
-1.51
-0.47
-1.41
-0.16
1.13

Q.79
0.44

~0.26
0.20
-0.84
-0. 34

-0.50

df

22
23
23
22
23
23

22
22
22
23
22
23
23
24
22
22

20
20

13
13
12
14

14

p<

ZZEL2ZZELTLZILIZZ
Ll in

) - . N »
- L] - .

.

l1-tai1l:



Table 10

T-Test between 5Small Tumor Patiants and Controil
on Paychometric and Neuropsychological Tests
Pre-Operative Measures

Tests

Verbal 1.Q.

Digit Span

Forward Digit Span

Arithmeat.ic
Vocabulary
Selective Reminding
Consistent Long-Term
Retrieval
Short Term Retriaval
Long Term Storage
Benton Memory
Benton Copy
Backward Digit Span
Digit Symbol
Comprehensicon
Similarities

Mini Mental

saerial sevens

3 word memory
Verbal Fluency

C

F

L

Animals
Suparmarket

Itens

Means
amall control
108.8 l104.6

10.1 9.0
9.4 7.5
10.9 10.8
12.4 11.0
5.0 5.1
4.9 5.2
2.6 1.3
2.3 2.6
3.2 3.6
1.6 Q.4
6.7 6.8
3.6 a.s
11.8 10.48
10.2 8.0
1.0 1.0
1.0 .8
16.3 14.0
15.7 13.8
15.7 13.7
20.1 19.1
27 .6 24.6

df

18
19
19
18
18
19

18
18
18
19
19
19
19
18
19

le
16

15
i4
14
15

15

pe< (
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Tabie

il

T-Teat between Large anag Small Tumor Patientsa
on Psychometric and Neuropaychological Teats
Pre-Operative Measures

Teats

Verbal I.4Q.
Digit Span
Forward Digit Span
Arithmetic
Vocabulary
Full Scale I.d.
Selective Reminding
Consistent Long-Term
Retri:aval
Short Term Retrieval
Long Term Storage
Benton Memory
Benton Copy
Backward Digit Span
Digit Symbol
Information
Comprehansion
Similarities
Wepman Teaeat Auditory
Diacrimination
Sound 8lending
Mini Mental
sarial seveans
3 word memory
Varbal Fluency
C
F
L
Animals
Supermarket
Items

Means

large samall
28.6 108.8
8.1 10.1
7.4 9.4
8.4 10.9
10.4 12.4
7.6 107.2
a.i 5.0
7.9 4.9
3.1 2.6
2.6 2.3
4.3 3.2
0.9 l.6
5.6 &.7
a.1 3.6
10.2 11.6
10.86 11.8
9.4 10.2
1.7 1.7
26.9 27.9
l.e 1.0
.9 1.0
13.6 le.3
14.2 15.7
12.0 15,7
18.2 20.1
22.7 27 .6

-2.82
-2.54
-2.92
-2.69
-2.42
-2.03

2.21

1.11
Q.23
0.22
1.02
-1.07
-1.36
-1.46
-1.41
-1.28
-0.92

.07
-1.33

.93
-0.19

-0.89
-0.59
-1.70
-0.83

-1.15

22
24
24
22
23
22
24

24
249
24
24
23
24
24
24
22
23

23
20
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Tabple 12

T-Tests between Large and Small Tumor Patients
and Controls on CPT Measaures
Pre-Operative Testing

Errors of
large va
large va=a
amall vs

Errors of
large va
large va
amall va

omisalcn
small
control
control
cCommisslion
amall
control
control

Mean Reaction Time

large vasa
large va
amall va

Thaec.

amall
control
control

Maans

large small controls

Q.25 0.67 -0.
0.25 0.50 O.
Q.67 0.00 -1

1.%50 4.50 -0.
1.50 4 .30 O.
4.30 1.70 -0.

139.1 168.4 1
199.1 184.2 -0.
168.4 172.0 Q.

64
45

.35

79
a3
92

.78

22
31

df

Z X Z
thuiw



T-Teats between Patient and Control Groups

Tabie 13

on CPT Meas

ures

Pra-Operat:i:ve Teating

Erroras of omission

Errora of commisailon

Mean Reaction Time

Overall Standard
Daviation

“"msec.

Neana

Fatients

l180.48

27 .33

Controls

176.9

26.60

-0.82

-0.22

-0, 28

-Q0.193

18

l1-tasi i



Table |1

4

T-Test between Patientsa
Pre- and Post-Operative Performance

on Psychometric Teats

Tests

Verbal I.Q.
Digit Span
Arithmatic
Digit Symbol
Selective Reminding
Tast
Performance I.4Q.
Full Scale I.G.

105.7
10.0
9.8
9.1

4.4
106.3
106.3

3.28
1.76
1.86
2.60

-3.81
4.59
5.35

df

17
17
17
17

17
17
17

px<

r‘"

e

¢ l-tai11l1?

.01
.05
.05
.01

-01
-.001
.001



Pasychometric and Neuropaychological

Taats

Verbal I.4.
Forward Diga
Digit Span

Performance I
Digit Symbol

Full Scale 1.4Q.

Salactive Renm
Backward Diga
Benton Copy
Benton Memory
Information
Vocapulary
Arithmetic
Comprehenaion
Similarities

Taonle 1S

T-Teat between [arge Tumor
Patienta’ Pre-Operative
and Post-Operative Scoras on

Tesats

Mean Mean t

pre-op post-op
98.2 103.2 3.1%
t Span 7.3 8.6 2.32
8.2 9.7 2.84
Q. 96 .2 1G4.6 4,93
7.8 8.9 3.03
97.4 103.7 4.54
inding Test 8.5 4.2 -5.29
t Span 5.8 5.3 1,07
1.1 0.9 ~0.48
4.6 5.3 0.58
3.9 1.3 0.77
10.2 10.9 1.47
a.3 9.1 1.48
10.6 11.1 ©.94
9.1 9.7 0.82

df

11
11
1i
11
11
11
11
11
10
11
11
11
11
1t
11

17
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