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Abstract

An experiment was conducted in which the relationship between
intelligence and stimulus complexity was examined. The range of
stimulus complexity was varied with response complexity held constant.
Both normal and mentally defective individuals were affected by the
level of stimulus complexity but their performances were not altered
differentially. Employing the irregular procedure of reaction signal
(RS) presentation (random within a series) yielded a preparatory
interval (PI) effect. The reaction times (RTs) for normals and mental
defectives were longest when a short PI was preceded by a long 2I.

These results are discussed in relation to previous researci findings.
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Introduction

Nunerous researchers in the field of mental retardation have
posited specific deficits characteristic of the retardate. For
example, Ellis (1963) maintains that an important source of deficiency
is an inadequate short term memory. Zeaman and lHouse (1963) contend
that retardates suffer an attentional deficit; while Spitz (1966)
stresses a deficiency in the ability to organize information. Ilany
of these theories have in common the notion, more or less explicitly,
that environmental complexity is related to the behavioral deficits
observed in retarded individuals. The present researci explores the
problem of stimulus complexity as expressed in terms of stimulus
uncertainty.

A review by Teichner (1954) indicates that as reaction signals
(RS) alternately occur in different modalities, reaction time
increases; thus, increased stimulus complexity is associated witih
poorer RT performance. Sutton, Hakerem, Zubin, and Portnoy (1961)
offered supporting evidence in a comparative study witih normals and
schizophrenics. Their study was designed to test the hypothesis
that a set is developed to respond to a stimulus in the same modality
as the one previously responded to rather than to a stimulus in
another modality. Since no warning signal was used, each response
initiated the next trial. An irregular procedure (preparatory

intervals of different lengths in an unpredictable order) was used.



The reaction signal stimuli were a red light, green light, high tone,
or low tone, each of which was the RS for 20 randomly presented
trials. A reaction signal in a given modality preceded by a reaction
signal in a different modality produced significantly longer RT
speeds in the schizophrenic group than in the normal group.

A recent study with mental retardates (.Rs) as Ss found succes—
sive multimodal stimulation did not detrimentally affect RT (liolden,
1965). Subjects who responded to RS occuring randomly in either the

visual, tactual, or auditory modality did not have longer Ris than

other Ss wno received unimodal stimulation. This finding fails to

support the conclusions reached by Teichner (1954) and Sutton et al.

(1961). The question is raised whether something is unique about

Holden's design or whether retardates are not affected in the same

manner as other groups of individuals. A factorial study varying

intelligence and stimulus complexity could determine whether the

pattern of responding to the experimental treatment is dependent on

the population tested.

Other studies in which stimulus and response complexity were

varied indicate thnat an increase in alternatives is associated with

a reduction of speed for retardates. Hawkins, Baumeister, Koenigsknecint,

and Kellas (1965), in a comparative study of normals and retardates,
measured verbal RIs. The Ss in one group were required to respond as
quickly as possible to a red stimulus light by providing the appro-
priate color name. Another group received a green RS, and a third
group received either a red or green with their response requirements
specifying two different color names. Though intelligence did

roduce i : . . ¢
P a main effect, there was no interaction with task complexity.



A significant task effect was found in both intelligence groups with
the choice situation producing slower RTs. However, to the extent
that saying ‘'red" is a different response from saying "green,'' this

task main effect involved the confounding of stimulus couplexity and

response complexity.

Another verbal choice RT study was conducted by Baumeister and
lellas (1967). This sequential RT study explored the phenomenon of
psychological refractory period. A warning signal light appeared as

S's cue to depress a telegrapn key. Then a geometric figure

appeared followed by a buzzer. S was instructed to name the geometric

shape immediately and release the key when the buzzer sounded. Some

Ss saw only squares, some only crosses, and others eitiier squares or

crosses. Both verbal and motor RTs were recorded. The verbal RT is

of primary concern in the present review., For the group receiving

either a cross or square, uncertainty was presumed to be greater

than the groups receiving only one of the geometric shapes. Con-

sistent with other studies, a main effect of stimulus complexity was

reported. Intelligence did produce a main effect though no inter-

action of intelligence with stimulus complexity was found. The

absence of a significant interaction indicates tnat the more complex

stimulus condition did not differentially affect the RT speed of the

retardate. This supports the finding of Berkson (1960) that retar-

dates are not differentially nandicapped when stimulus complexity 1is

increased. However, Baumeister and Kellas (1967) failed to manipulate

stimulus complexity independent of response complexity.

A series of studies was done by Berkson (1960) in which stimulus

complexity and response complexity were independent (ostensibly) using



normals and retardates. These studies of Berkson differ from Sutton
et al. (1961) and Holden (1965) in which RS was alternated in differ-
ent modalities; but are similar with Hawkins at al. (1965) and
Baumeister and Kellas (1967) in using intramodality variation.

In the first study Berkson (1960a) employed tiree experimental
procedures consisting of a hand lift, a simple button press, and a
choice button press. In the hand lift test, a buzzer warning signal
(WS) was S's cue to press a white button with his index finger. When
a center lizht came on, he lifted his hand quickly. The instructions
for the simple button press were quite similar except S, after
lifting his finger from the white button, had to press a central
black button. The choice button press required § to 1lift nis finger
from the white button and to press the black button under one of five
lights that might have come on. In the simple and choice button
press a ballistic movement time was obtained, the time between finger
1ift from white button to press of black button. The hand lift RT
was measured for all three groups. Retarded Ss were always slower
than were the normals, but the IMMRs were not differentially affected
by the more complex tasks.

In an attempt to separate response and stimulus complexity,
another study (Berkson, 1960b) was designed in which the stimulus
situation was held constant and the response was complicated. An
interaction of IQ and complexity of task was predicted. Two tasks
differed in stimulus complexity and held response complexity constant.
Task I required S to lift his finger from one button and press
another button. Task II required S to lift his finger from one

button and press the button under one of five lights that might come on.



Two additional tasks differed in response complexity while holding
stimulus complexity constant. Task III required S to release a
button when the stimulus light came on and Task IV required S to
remove his finger at the signal and with the same hand turn a knob
througih 10 degrees of arc in order to turn off tne light and stop
tne clock. All Ss received each procedure for 20 trials with the
order of task presentation randomized for each S. A significant
intelligence by response complexity interaction was reported though
no interaction obtained between intelligence and stimulus complexity.
A main effect of stimulus complexity resulted.

Berkson's manipulation of stimulus complexity was not completely
independent of response complexity since pressing one of five buttons
(TaskII) is more complex than pressing one central button (Task I).

The present research held response complexity constant and
varied the levels of stimulus complexity in a manner similar to
lolden (1965). The irregular procedure of presenting preparatory
intervals (random within a series) was employed to maximize temporal
uncertainty. In view of the findings of Klemmer (1956) a preparatory
interval main effect was expected. The PI effect would be due to a
slow RT associated with a short preparatory interval preceded by a
long preparatory interval. Intelligence and stimulus complexity main

effects were also predicted.

Method

Subjects

The Ss were 45 male patients from the Partlow State School and

Hospital for the retarded and 45 male college students. The majority



of the retarded Ss had participated in previous RT studies. Retarded
Ss were selected without regard to etiological classification with
only the restriction that they were free of gross motor and sensory
disturbances. One retardate was excluded because he discontinued
responding during the task. ean CA of the retardate group was 23.1
yrs. with an SD of 9.1 yrs. 1liean IQ was 60.4 with an SD of 9.6. The
normal Ss were taken from the undergraduate population at the
University of Alabama. Their mean CA was 21.2 yrs. with an SD of
3.4 yrs,
Apparatus

The equipment consisted of a red light 1 in. in diameter, a
response key mounted on a table in front of S, a buzzer, a 20 watt
light bulb attached to the wall, 3 program timers and a Hunter
Klock-counter for recording RT. The WS light was located approxi-
mately 2 feet from S and below eye level. The 20 watt bulb was
approximately 2.5 feet from S and at eye level. The experimental
chamber was maintained at a low level of illumination. Recording
and controlling apparatus were located in an adjacent room.
Procedure

The S was seated facing the wall with the response key in front
of him. After being seated, S was instructed that the red light was
a signal to depress the telegraph key and a warning to get ready to
respond. Each S was informed that after a brief period of time, a
buzzer (light or either buzzer or light) would come on and this was
his cue to release the key as quickly as possible. Speed was
emphasized.

The Ss in both intelligence groups were assigned randomly to



either the light, buzzer, or light and buzzer reaction signal groups.
During the test session, 48 trials were preseated in six blocks of
eight trials each. ILach trial was initiated with the onset of the
warning light followed by the reaction signal either 2, 4y 8; or 16
seconds later. Preparatory intervals were varied in an irregular
order with the restriction that eacih interval occurred twice within
a block of eight trials. An additional restriction was employed in
the group receiving both buzzer and lignt for RS. Within each block
of eight trials the order of buzzer and light was random witnin the
requirement that each occurred four times and on no more tnan tinree
successive trials. The first four trials were discarded as practice.
The inter-trial interval was approximately 10 seconds.

The above procedure provided for a 2 x 3 x 4 design. The two
levels of intelligence constituted one independent variable. The
three levels of stimulus complexity provided for a secoud independent
variable and the four levels of preparatory interval a third. The
dependent measure was the length of time between the onset of tne

reaction signal and the release of the response key.

Results

The measure employed in the analysis of variance was the mean RT
for each preparatory interval across trial blocks. Figure 1 depicts
the means of the RT scores across PLs for the intelligence groups
under the different reaction signal conditions. The predicted main
effects of intelligence, stimulus complexity, and preparatory interval

were significant. The expected interaction of stimulus complexity
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with intelligence was not significant. A summary of these data is

found in Table 1.

Table 1
Summary of the Analysis of Variance including Task
Complexity, Intelligence, and Preparatory

Interval for Mean RT across Trial Blocks.

Source df 115 E p

Between Ss

A (Intelligence) 1 8,980.00 164.83 01
B (Stimulus Complexity) 2 808.52 14 .84 01
AB 2 37.83 ——— ns
error 84 54.48
Within Ss

C (Preparatory Ianterval) 3 515.69 16.94 .01
AC 3 5.50 —— ns
BC 6 35.43 —— ns
ABC 6 18.80 s ns
error 222 30.44

Cochran's test for heterogeneity of variances was conducted and
found significant. The C value was 0.13 (23/15 df, p< .01). Inspec-
tion of the data showed the retardate's RT speeds to be more variable
than the normal's RT; thus, heterogeneity of variance was attributed
to the retardate's inconsistent performance. In view of the Norton
studies cited in Lindquist (1953), the robustness of the F test was
considered adequate to deal with the heterogeneity. To further
accomodate for the lack of homogeneity, significance was reported at
the next level greater than the level at which it was found to be
significant.

The coﬁparison of means revealed retardates' RT to be signifi-
cantly longer than normals' RT. An examination of the preparatory

interval effect with t tests showed the shortest interval (2 secs.)



to differ from all of the other intervals. No other PI effects were
observed.

Comparisons of the buzzer (B) reaction signal group with the
group receiving both tine buzzer and light (8/L) snowed that the single
stimulus group was significantly faster. iowever Group B/L did not
differ significantly from Group L (light reaction signal only). Lote
that the mean RT of Group B/L consisted of responses to both lignt
and buzzer reaction signals. ilean RT to the light RS only in Group
B/L may well have been different from mean RT in Group L. Such a
difference would apparently be based on the degree of stimulus con-
plexity varied within a single modality. In order to test for tae
effects of stimulus complexity within each modality used, two analyses
of variance were run. The first involved the RTs to light in Group L
(i.e., light constant condition) and RTs to light in Group 8/L (i.e.,
light variable condition). The second analysis treated sound constant
and sound variable in a similar manner.

The light constant by light variable analysis showed an

Table 2
Summary of Analysis of Variance
including Light Constant and Light
Variable for ilean RT across Trial Blocks.

Source df MS F P

Between Ss

A (Stimulus Complexity) 1 1,575.98 14.50 .01
B (Intelligence) 1 6,232.24 37«35 01
AB 1 78.16 —— ns
error 56 108.67
Within Ss

C (Preparatory Interval) 3 836.63 60.30 .01
AC 3 46.99 3.39 .05
BC 3 4.86 ey s
AEC 3 25.95 i -
error 168 13.87






