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EFFECTS OF SPATIAL AND NONSPATIAL DISTRACTORS
ON PERFORMANCE LATENCY OF MONKEYS WITH

FRONTAL 1ESIONS

WALTER B, GRUENINGLER asp KARL . PRIBRAM

Stanford Untversiy

RKhesius monkeys with Jesions of the dorsolateral frontal cortex were
tested in oo situnilon where a bebhavior] cask was occusionally incereupted
by the presentation of wvisual or anditory distractors. The inerease in
reaponse Jatrney dne o the distractor wuas greater for the subjects with
fronta) lesions than for normal counirols. The increased distractibiliny iz
due o sn crease in the duration of distraction-evoked behavior aud,
in the case of the spatial distracrors, wlgo to an Increase in the probability
that the distracting wput will be sampled. “Behavioral habituation” {(de-
crease i distraction duration) took place ab the same rate o hoth
groups, although the asvmptote levels eventually reached mighe diffor
under appropriade gondidions. The subjects with frontal lesions, even mord

than their controls, were found to be more sensitive to var

fiong 1o the

spatial location of the distractor than to changes in the visual aspecl of

ther ewaes.

Lvidence has aceunmlated to show that
frontal lesions affect the orienting reaction
in monkey and man, Specifieally, the GSR
component of orienling is depressed while
behavioral  orvienting  responzes  (Lnnia,
Pribram, & Howmskaya, 1964) and Bl
arousal {Grueninger, Kimble, Grueninger,
& Levine, 1985) continue to oceur. These
findings led Kimble, Bagshaw, and Pri-
bram {1965) to suggest that babituation
depends on the evoeation of the autonomic
components of the reaction, a suggestion
supported by a more extensive analysis
{Bagshaw & Benzics, 1968). Thus, a plau-
sible and tesiable explanation for the
frontal prinate’s heightened responsiveness
to novelly (Pribram, 1960}, ie., 1tz dis-
tractibility, is provided.

Recently another izzue concerning fron-
tal Jobe funetion has come to a head, Mon-
keys with frontal Jesions are able to per-
form &  mnonspatial  object  aliernation
somewhat better than they are able fo per-
form the elassieal spatial-aliernation task,
though by no means as well as do control
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Ss (Mishkin & Pribram; 1955), These fiud-
ings have led to the conclusion that {ron-
tal monkeys are deficlent in processing
spatial  cues. Objections ean be leveled
agast this conclusion, however. For ex-
ampie, one study (Mishki, Vest, Waxler,
& Rosvold, 19686) comes to the spatial in-
terprelation on the basis of results practi-
cally 1dentieal to thoze oblained in an ear-
lier study (Pribram, 1961) which reached
the opposite conelusion.

While the present authors were puzzling
about o way to resolve thiz diserepancy in
nterpretation, a teehnique was devised and

utilized in the laboratory to investigate

the distractibility of hippocimpectomizoed
monkeys (Douglas & Pribram, 1969). An
intercsting result of this study was the fact
that operated S; reacted  differently  to
spatial and to nonspatial distractors. The
authors mmedmately reahized that this ob-
servation provided a techinique thai might,
possibly help lo decide whether monkevs
with dorgolateral frontal lesions could in-
deed process gpatial cues and whethor this
processing was  different, inoany  respeet
from that of the normal primate. An ex-
pertment wis  therefore  designed  which
would provide quantitative information
concerning the role of the primate frantal
cortex in digtractibility, beluvioral habitu-
ation, and the processing of spatial cues.
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Fre. 1. Heconstruetion and eross sections of frondal lesions and of resulting vhalwnie degencration.

AMETHOD

Subjects, Surgery, and IHstology

Subjects were nine preadolescent rhesas mon-
keys, Five of these had been subjected *o bilateral
subpial resection of the dorsaluteral frontal cortex
some 3 vr, carkier; the oither four scrved as con-
trolz, All had been tested on o variety of problem-
solving tusks wnd had also hern subjects In studies
meaguring sulonomic indicators of orlenting and
habituntion. Histological analvses were performed
accarding 1o the technigue of Sherer and Pribram
(1962). Fasentially ihesc show bilaterally  sym-
metrical lesions of the dorsolaieral frontal coriex
extending forward from the anterior hank of the
areulate suleus, exeising the pole and nvolving the
lip of tie frontal lobe, Anzlysis of thalamie de-
generation suggesls ihat flhers from the orhital
rortion of ihe frontal lohe were also interrupled,
since o good deal of retrograde ghosts and deple-
tion of neurons 13 seen in the midiine and medial
mtraliminar nuclel {Chow & Pribram, 1956

Apparatus

The apparatus used {or tesling was a modifica-
tion af that deseribed by Pribram, Gardner, Press-
man, and Bugshaw (1962) differing mainly in that
stitmizhes presentation and recording were accom-
plished by means of o PDP-8 rather than a special-
surpose computer. The display consisted of 1 4 %
4 urrey of 16 depressable panels upon which stimuli
could he projected from the rear. A food cup was
loeated below the displuy. Tor purposcs of pro-
gramming each pancl was assigned o letter, as can
he seen below,

ABCD
EFraH
I KL
MNOP

e pnnels were on one of the walls of the
{esting enelosure, ‘he top two rows at eve Jevel.
Tilumination waa provided by un overhead inean-
desennt light. Subjects were wnlehed by E through
4 one-wiy glass which mude up another wall of
the cnclosure.
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Procedure l

At each session a few minuies were allowed for
"sadjustment,” following which the testing }}:rogram
began. A trial was initiated by the illuminstion of
Punel P. Pressure on the panel resulted| in the
darkening of Panel P and the immediate illumina-
tion of Panel A. In turn, & press on thjs panel
furned 1t off, reteased a banana peilet, and termi-
nnted the trial. After a lapse of 10 seec, a dew trial
would begin, an identical procedure being tepeated
on all trials, Latencies {to 001 sec.} between the
presentation of the first stimulus and the| first re-
sponse, and also between responses to the first and
second stimuli, were automativally recordkd. Only
the latter, the interresponse lsteneies, gre con-
sidered in this paper. All 8s were originally trained
on this rezponse sequence (with no disiractors pre-
sented) until they met the eriterion of a Tay’s run
of 50 trials completed within less than |10 min,
(58 days of training). :

Similar procedures were used in all dilstmction
tests. In every case Ss were given daily sessions of
50 total trials each, with 4 distraction tripls inter-
mixed among the regular trials, The distraction
trials were presented in a pseudo-randemh fashion
such that they were separated by at least 5, but not
more than 10, regular trisls, and no distraction
trial occurred earlier than the eleventh frial of a
day's run. The procedure used on & distraection
trial was similar to that oceurring on regilar trials
except that the press of Panel P resulted in the ap-
pearance of a distracting stimulus stmulianeously
with the appesarance of the stimulus on|Panel A,
When the distractor was a symbol, 8 could depress
the panel upon which it was displayed and these
responses were recorded. However, a response to
the distractor did not result in & reward gor in any
change in the sitnation. A irial was termiﬁ_\ated only
when Pancl A was pressed, st which timye both it
and the distracting stirulus disappearefl and re-
ward was delivered, The distraction tonditions
were given in the order in which the%r are de-
seribed. :

Condition 1 (Stimulus Varied,

iLo cation
Constant) 5

This task was designed to test 8's sen_'sitivity to
variation in & stimulus pattern presented at 2 spe-
cific epatial location and S ability to habituate to
distraction in this location despite the:variations
in stimulus patterns. Eight abstract patiterns were
used asg distractors, On each of the four distraction
trials of a day’'s run ong of these patterng appeared
in Panel Location F. No pattern was repgated until
all had been used. The sequence was shuffled so
that no pattern appeared twice on the dame or on
suctessive days, Subjeels were tested under this
condition for 4 successive days, |

Condition 2 {(Stimulus Constant,; Location
Varied) |

This task was designed to test §'s sensitivity to
the distractor's loeation in space and to test S's
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ability to habitvate to or “gate out” & specific stim-
ulug regardless of its localion. In this condilion, one
hitherto unused pattern was presented in each of
eight spatial locations, The locetion used in Con-
dition 1 was omitted, The same panel was never
used twice on the same or on 2 successive days,
All eight locations occurred twice in the 4-day se-
Ties.

Condition 2 (Stimulus Constant, Location
Constant)

To ascertain whether the results in Condition 2
might have been the resul; of some unusual prop-
erty of the stimulus used, rather than of the spa-
tial variable under investigation, the same pattern
used in Condition 2 was presented on four succes-
sive distraction trials of the same day in Panel
Location B,

Condition 8 {Buzzer)
A buzzer was used as a disiractor instead of the
patterns projected on panels. Otherwise, the pro-

cedure was the same ss in Conditions 1 and 2
abova,

ResvLts anD Discussion

“Distraction duration” was considered to
be the difference between the interresponse
latency on a distraction trial and S's me-
dian interresponss latency on nondistrac-
tion trials for that day. The first 16 ftrials
of each day were omitted to deecrease
warm-up effect, and the median was chosen
instead of the mean to avoid undue in-
fluence from occasional unintentional dis-
tractions (e.g., §'s dropping of a pellet),
The group mean distraction durations re-
corded under Conditions 1, 2, and 3 are pre-
sented graphically in Figure 2.

As a check, the raw interresponse la-
tencies on distraction trials were also ana-
lyzed, The findings were essentially the
same as those presented, The overall av-
erage interresponse lalencies on nondis-
traction trials were .537, 463, 441, 857,
and 583 sec, for the five Ss with frontal
lesions and 565, 975, 528, and .366 sec,
for the four normal controls, Thus, the
median interresponse latencies of the two
groups did not differ in the absence of dis-
tractors {I/ = 10, maximum possible over-
lap for groups of this size).

‘The Group X Day % Subject (pseudo
three-way) analyses of variance indicated
that the mean distraction durations re-
corded from the frontally ablated groups
were signifieantly higher than those of the
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G, 2, Daly moan distraction duraiion {(mean
distraction trind lteney minns median labeney ) for
{0} Conditien l—stimuluz varied, location con-
stantl; (&) Condition 2..location varied, stinulus
conatant ; and () Condition 3—huzzer.

normal group under all expecimental eon-
dittons (F = B3, df = 1/7, p < 05; F =
39, df = 1/7, p < 05, F = 475, df =
1/6, p < .001; for Conditions 1, 2, and 3,
respectivelyl. When 88 mean distraction
durations for each condition were ranked,
there was only & single overlap, which oc-
curred in Comlition 1. The only other sig-
nificant effect 0 these analyses was that
of davs (behavioral habituation) in Con-
ditions 1 amid 3 (F = 4.5, df = 3/21, p <
05; F = 67, df = 3718, p < 05, rc-
spectively). The Group X Day interaction
for the three conditions gave F values ap-
proximating unity.

MIRONTAL ooag
NORAAL o e -

nBETRACILOM TRIAL LATENC.ES B W EDIApe

pat 1 2 h] 4 1 2 k] 4 1 2 3 4

a B C
Fri 3. Proportion of distraction frial latenees
greater than 8% median latency for (a) Condilion
1stimulus varied, lowiiion constant; (0) Condi-
iion 2—location varead, stitnulus constani; and (e)
Condition 3—buzzer,

The results are further analyzed as they
specifically apply to four views of the def-
icit produced by this lesion, 1.e, inerensed
distracubility (Pribram, 1961}, failwe to
Labituate (Luri ef al,, 1964), difficulty in
responding to spatial cues (Mishkin et al.,
1966), and nability o inhibit responscs
(Brutkowski, Mishkin, & Rosvold, 1963).
In the interests of clarvity, the results will
be diseussed as they are presented.
Istractbibity

The merease in response time which
“rean  distraetion  duration”  represents
could have been hrought about by cither or
hoth of Lwo underlying factors. The Ss with
tesions may have been distraeled by o
greater proportion of the distractors, or
they nay  hove recovered more slowly
whenever they were disteacted. The propor-
tion of latencies on the distraction trials
which were greater than §s median nor-
mal trial latency provides sowme nsight
into tluas problem. I the distructors had no
effect whatever, one would expeet this sta-
tistic to have an avernge value of 50, wlale
any delay the diztractor might produce
should hias this mdicator toward 1.00.
Through exammnation of this proportion
{(Figure 3A7, one finds that under Condi-
tion T the two groups are essentially identi-
cal m the consisteney of their distraclion.
A Manu-Whitney & test for overall group
difficrence yields a £ value of 9.5, where
10 is the value for the maximum theo-
retienlly  possible overlupping of the two
sels of seores, Thig meang thal under this
condition all of the difference ohserved iIn
the mean distraciion durations must have
come from a slower recovery on the part
of the frontally ablated amimals. The ve-
sults from the first 2 dayvs of Condition 2
(Figure 387 confirm this finding (&7 = 10},
It the third condlition (Figure 3¢ o dif-
ferent situation prevailed. The loud buzzer
pluced at the hack of the cage proved a
vory strong distractor. However, with ex.
perience, the concrol animals, ab least, were
no longer “distracled” so mueh as “gal-
vanized” by the occurrence of this stimulus,
The frontal Ss seemed more prote to orient
toward the huaek of the eage whaen the
buzzer sounded, whereag the contrel ani-

s
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mals often cucked or lunged more vigor-
ously than usual at the second task stim-
ulus. The end effect on the normal group,
at least, would appear somewhut cgutva-
lent  to “sthmulus-intensity  dymauism.”
For tiiz group the stimuluys still cvoked n
response, but the response was direeted to-
ward the rewarded tazk tistead of the dis-
tractor,

Behavioral I abituation

Analysis of varianee confirms the ap-
purent decrcase In distraction  durntions
through the course of Conditions 1 and 3.
Since the Groun X Day nteraction m the
two conditions was negligible, 18 1s appurent
that the frontally ablaied group showed be-
haviora: habltuatior at the same rate os
the nornal animals, O course, the higher
titial vitbues of the frontally abluted wni-
malz: would result in thelr requiring a
greater number of days for the mean dis-
traction durnfion to reach some speeified
lovel,

A comparizon of the graphs of distrue-
tton ruration el of the proportion of dis-
traction trinls greater than S« median la-
teney  for Conditlon 1 Gstimudus vavied,
loention constabt) provesd interesting, T
shows that the apparent “habituntion” ob-
served in befh mroups s not due to o
deercase In the probability that a given dis-
tractor will produee an effect, The habitua-
tion would seem to be ihe result of faster
recovery rather than gating out or mereas-
ing inzensitivity to the disbrnelors, Thiz in-
creaze i hehavioral cfficiency, as opposed
Lo desensitization or ealing of the mput,
was very evident in Conedition 3 (huzzer],
In this condition botlh groups showed a sig-
mifieant decrease in distraction duration.
The normal S8’ distraction durabion and
praportion of distraction  trial  latencies
greater than median both sauk below the
lovel expected 1¥ no distractor were presens,
With respect to the latrer siatstic, Fig-
ure 3¢ clearly shows the sharp contrast he-
iween the trends of the two groups (U7 =
0, p = 036} The absence of a consistent
trend i the seores of the frontally ablated
monkevs strongly suggests that these Ss
wintld never show the paradexical “nega-
tive distraction” ohserved in the contre!
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stibjeets i the presence of this sirong dis-
tractor.

Spatial Deficit

It was predicved that if the frontally ab-
tated anihnals were deficient m registering
spatitl mformation, they would have much
greater difficulty habituating under the first
condition  {stimulus varted, location con-
stant)  than wouwld ithe normal controls.
Thiz should have been the case since the
distractors differed widely in pattun, but
were all consistent in loeation. lowever,
the rate of hehavioral habituation proved
to be the same for both groups. 1 the ani-
nials with lesions were less able to process
and record the iocation of the distractor,
ey gt also have shown relabively
rapul habltuation under Condition 2 (sthn-
uluz  constant, loeation variedl, On the
contrary, sthe frontatly operated monkeys
were oven more disrupted throughout this
condition than in the first, Ranking Ss on
the basiz of the difference between their
cistraction durations under Conditions 1
and 2 showed ne overlap between groups
(7 = 0, p = 016). Abthough neither group
habituated under Condition 2, Figure 3B
shows that repetition actually heightened
the distractor's effectiveness upon Sz with
lestons, Under  Condition 27, where the
stintdug used tn Condiftion 2 was presented
only in Location B, the menn distraction
duration of the frontal operates approxi-
nuted the low leve! of the normal group
hy the fourth presentation. Thus, although
S= with dovsolateral-frontal lesions proved
capabie of learning fo minimize the dis-
ruptive effect of viuded natterns appearing
it one specific spatial location, the distrac-
tion produced by a single pattern could he
maintained for the animals Dby simply
shifting its spatial loeation. Tt might be
said that with regard fo distraction, the
frontalty ahlated anitmals were more, not
less, sensitive to spatial location than were
the normal controls,

In order to exumine the present results
in terms of the spatial aspects of the “eog-
nitive foeld,” the resnlts of Condition 2 were
anatyzed with respeet to location instead
of cxnerimental day. The mean distraction
durations obtained for the various loeations
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TABLE 1
Cownrrion 2: Muax Drstraction Dunarion 1y
Secoxps as s Fexcerniox of  1ISTRACTOR
Locamiox iy Paxin MaTrix

Task 393 1,524 345
Stimulus |
2 217 0.207 ; L1790
]
I__.
976! 500 745
315 116 .203
: 1.4497 1.209
U. 318 0.290
Task
Stimulus
1

Note.—-Boldface = frontal; Jightface = normal.

used are presented in Table 1. The location
effect was significant (F = 24, df = 7/49,
p < .05), as might be expected, but the
value of the ¥ ratio for the Group X lLoca-
tion interaction was only 1.351. Thus, there
would appear to be no difference between
the two groups with respect to which loca-
tions proved most effective. The frontally
operated monkeys were not at all immune
to the distractors which were at greater
distances from the task stimuli.

In summary, under the present cxperi-
mental conditions, the frontul lesion in-
creaged, not decreased, the sensitivity of
the animal to the distraclor’s location,
This was true regardless of where the dis-
tractor appeared,

“Inhibttory” Deficit

Although the pressing of the distractor
pancl was never rewarded, a record was
kept of all such presses. With four distrac-
tion trials per day Ss with frontal lesions
averaged 1.6, .2, 16, and 0 presses for the
4 days of Condition 1, and .8, 1.2, 1.8, and
& presses for the 4 days of Condition 2.
T'he only press recorded from a normal sub-
Jeet occurred on Day 1 of Condition 1,
making the group average for that day 25
presses. In contrast, if we corabine both
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conditions we find that no frontully ablated
S pressed less than threc distractors. This
yvields a U of 0 and p = .016.

The analysis might suggest that the in-
creased distraction durations recorded for
the frontally ablated animals were the re-
sult of time wasted in pressing of unre-
warded stimuli. However, this 15 not the
enge. When Ss' overall averages were cal-
culated, omitting all trials on which a press
oveurred, there was still only one overlap
between the two groups (U7 = 1, p = .032).
Thereiore, not all of the frontally ablated
animals’ inercase in distraction duration
can be atiributed to the time wasted by
actually pressing unrewarded panels.

In Condition 3 it was observed that the
inereased distraction duration of the iron-
tally ablated group scemed largely due to
their persislent orientation toward the
buzzer when it sounded, In contrast, nor-
mal Sz eliminated such disruptive responses
and actually showed an increased response
speed under the influence of the “dis-
tractor.”

Dizecvssion

The results of these experiments provide
quantitative confirmation of increased dis-
tractibility in Sg with frontal lesions. The
increased distractabihily obscrved is due to
an lngrease in the duration of their dis-
tracior-evoked behavior and, in the case
of the spatial distractors also to an in-
crease in the probahbility that the distract-
ing input will be sampled. In addition, the
results indicate that monkeys with dorso-
lateral frontal cortex resections do orient
and behuvioratly habituate to varied vis-
ual stunubl appearing in a specifie spatial
location. Such Ss also reaet strongly to
changes in the spatial aspects of distraet-
ing stimui. Further, the results indicate
that for sophisticated monkeys, dorsolat-
eral frontal ablations produce an increazed
sensitivity  to  distraction produced by
changes in the spatial location of cues when
compared (e} with control 8s and (b)) with
visual distractors which do not vary in
location. The question ig raised, therefore,
whether the impairments shown by mon-
keys with dorsolateral frontal lesions on
spatial tasks are due to the marked dis-
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tracting effect that spatial novelty has for
these Ss.

The same question is raised by the re-
sults in Condition 3 (buzzer} with regard
to those experiments which indicate the
possibility of an auditory deficit in fron-
tally ablated Ss, In such experiments care
would have to be taken to assure that
stimulus-oriented behavior would not
handicap discrimination performance.

These results can be explained by the
assumption that various response tend-
encies or plans (Miller, Galanter, & Pri-
bram, 1960) are constantly competing with
each other for control of behavior, and that
only one such plan can control behavior at
any time. If activity of the frontal cortex
maintains the competifive advantage of
any plan already in the process of execu-
tion until it reaches completion, the be-
havioral results observed in the present cx-
periments and in others would follow. In
the present experiments the correct re-
sponse was uniquely specified by the task
environment. Were the correct response
which follows the distraction ambiguously
specified (i.e.,, variable over time) as in
delayed alternation or in delayed response
{Pribram, 1961), one would expect a
breakdown in performance,
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