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A modal model of informatton-processing was used to select a battery of nine tasks
of basic cognitive abtiity (learning, relearning, reaction time, probe recall,
Sternberg search, self-paced probe, stimulus discrimination. tachistoscopic full
report, tachistoscopic partial vepont). Parameters from these tasks opereitionalized
the model. After extensive pilot testing of the tasks to establish reltability, we tested
40 subjects (201with mental retardation and 20 college students) on all tasks and
the WAIS R The paranieters from the tasks were generally reltable (.7 through [0)
and bad low correlations with 1Q) (average about 37). Nearly all of the major
cogntiive parameters differentiated significantly between groups. A subset of the
basic cognitive parameters predicted 1Q with an estimated multiple corvelation in
the general population of .72, Prediction of 1Q nusing basic cognitive parameters

was better for subjects with mental retardation than for college students. A
moddified version of the modal model was supported. Results show that individual
differences in higher mental processes are highly dependent on basic cognitive
abilities and can be predicted from them. These Sindings have substantial
implications for the development of models of information-processing.

Many contemporary rescarchers
share the opinion of Sternberg and Salter
(1982) and Keating (1983) that measures of
cognitive processes will never be capable of

Portions of this work were supported by
Grants No. HDO07176 and HD15516 from the
National Institute of Child Health and Human
Development, Office of Mental Retardation, the
Air Force Office of Scientific Research, and the
Brooks Air Force Base Human Resources Labora-
tory, Project Lamp. Requests for reprints should
be sent 1o Douglas K. Detterman, bBepartment of
Psychology, Case Western Re ¢ University,
Cleveland, O 44106

accounting for differences in intellectual func-
tioning. Still, itis important to know whether
measures of hasic processes show reliable
individual differences. If they do not
(Underwood, 1975), they cannot provide
useful information abouwt general cognitive
functioning.

Galton (1883) and Cattell (1890) noted
that measures of basic mental abilities such
as memory and perception should predict
general intellectual functioning. Testing this
liypothesis is difficult methodologically
(Tuddenham, 1963). In addition to not con-
firming the relation between basic cognitive
functionsandintelligence, carly studies made
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it untashionable to study individual differ-
ences. However, some recent rescarch sug-
geststhat simple measures of reaction time—
RT (Detterm 1987h: Jensen, 1979; Jensen
& Munro, 1979; lensen, Schafer, & Crinella,
1981), memory (Butterfield, Wambold, &
Belmont, 1973; Ellis, 1970), and perception
(Nettelbeck, 1982, 1985) do correlate slightly
to moderately with mental age (MA) and 1Q.
Il these measures tap separate cognitive
process, then combining them may reveal
much higher multiple corretations with intel-
ligence test scores, The research reported in
the present paper is a preliminary test of this
possibility.

First, a modal model of cognitive func-
tioning was defined. Next, nine tasks were
developed to operationalize each part of the
model. These tasks were tested extensively
to ensure that they could be completed by
pesons with mental retardation and  that
they yielded reliable measures. Finally, all of
thetasks and the Wechsler Adult Intelligence
Scale-Revised—WAIS-R (Wechsler, 1981)
were administered o young adults with
mental retardation and 1o college students

who were approximately the same clirono-
logical age (CA).

The Model

Figure 1 shows the modal model
adopted. It consists of four memory
stores—very short-term, primary, secondary,
and tertiary—all of which are served by a
stimulus encoding mechanism for input and
a retrieval mechanism for output. An output
mechanism executes responses. Executive
functioning oversecs the movement of infor-
mation through the system. Rehearsal is one
mechanism under control of the executive.

‘The four memories differ in how much
and how long they store information and in
the mechanism of forgetting. Very short-term
memory holds unlimited sensory informa-
tion for under a second, and forgetting
results from overwriting subsequent incom-
ing information. Primary memory holds little
information for a few seconds, and forget-
ling occurs by replacement unless informa-
tion is rehearsed. If rehearsed sufficiently,
material moves from primary memory to

EXEC -

INPUT —pmd{ VSTM |- PM

Y

{Cone}

| | 57

[ OUT ]

OUTPUT

Figure 1. A modal modsl derived from studies of individual differences in information processing for subjects
of different levels of intelligence. See Table 2 for explanations of abbreviations.
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secondary memory. Secondary memory re-
tains large amounts of information from
minutes to days, and forgetting is probably
due to interference. Very well-learned infor-
mation (e.g. one’s name, language) is stored
in tertiary memory and may never be forgot-
ten. Very short-term memory is called “a
nearly process™ and tertiary memory, “a late
process” because information enters the sys-
tem through very short-term memory and
worksits way successively to tertiary memory.

Table 1 lists the main measures de-
rived from the nine basic cognitive tests used
to operationalize parts of the modal model.
Many investigators conducting experimental
work with people who have mental retarda-
tion have used these tasks singly, but no one
has combined them in a single study. As can
be seen in Table 1, cach task is assigned a
code, which is the first two letters of each
measures code. Each task yields many differ-
ent performance measures. Only the main
measures used in this study are listed in
Table 1. Also, we point out that noteveryone
would agree with the operationalization of
this model. Many of the terms are not clearly
operationalized by a single measure. There
are two reasons for this: (a) theoretical terms
are often ambiguous and (b) experimental
measures are often not pure measures of a
single process.

Table 2 shows how we assigned mea-
sures in Table 1o parts of our modal model.
Ourassignments can be debated, but, for the
most part, they reflect prior use of the mea-
sures (see review by Detterman, 1979), and,
regardless, the assignments are tentative.
The casiest to interpret outcome from this
rescarch would be that measures of one ora
few processes discriminate subjects with
mental retardation from those without men-
tal retardation, with measures of other pro-
cesses showing no difference. This would
support a parsimonious specific deficit theory
of mental retardation. However, because all
of the measures taken separately have dis-
criminated between people with and with-
out mental retardation (see Detterman, 1987a),
a more complex pattern is likely. A more

Table 1
Description of Measures From Nine Tasks

Task code/Measure Measure code

Learning (LR)

No. of trials LRTRIAL

Median correct RT* response LRTIME

Chi-square measure of bias LRBIAS
Relearning (RL)

No. of trials RLTRIAL

Median RT, correct positions RLTIME

Chi-square measure of position bias RLBIAS
Reaction time (RT)

Mean decision time, all trials RT-MEAN

Y-intercept of decision time over

set ime RTYINT

Slope of decision time over set size RTSLOPE

SD of decision time RTSD

No. of errors across all trials RTERRORS
Probed Recall (PR)

No. of errors PRERROR

Chi-square bias measure for position
bias PRBIAS

Errors at Serial Positions 1 and 2 PRSM
Errors at Serial Positions 5 and 6 PRPM
Sternberg Search Task (ST}
Mean decision time, positive trials STDPM
Slope of decision time by set size,
positive trials STDPS
Y-inter. of decision time by set,
positive trials STOPI
Y-inter. of decision time by set,
negalive trials STDAI
% errors, positive trials STEP
% errors, negative trials STEA
Self-Paced Probe Task (SP)
No. of errors SPERROR
Mean RT to answer each item SPDTANS
Mean study time for each item SPODTALL
SD of sludy time SPSDALL
Stimulus Discrimination (SD)
Mean decision time SboT
Mean movement time SDMT
No. of errors SDERROR
Tachistoscopic Full Report (TF)
Mean threshold of exposure time TFMEAN
Median threshold of exposure time TFMED
Tachistoscopic Partial Report (TP)
Overall proportion correct TPPROP

*Reaction time.
complex pattern of results would require a

more intricate conceptualization of intelli-
gence (e.g., Detterman, 1987a).

Method and Results by Task

Subjects

Subjects were 20 students with mental
retardation from special education classes in

Detterman et al.
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Table 2
Assignment of Measures to Part of Modal Model

Part of model Measure code”

Measure

Visy chort-term memory (VSTM)

Capacity TPPROP (9)
Decay rate TFMEAN (15)
Primary memory (PM) TFMED (17)
Capacity PRERROR (4)
PRPM (7)
Retrieval SPDTANS (12)

Rehearsal (REH)
SPDTALL (25)
SPSDALL (29)
Secondary memory (SM)
Capacity PRSM (5)
Retrieval LRTIME (27)
Tertary memory (TM)
LRTRIAL (2)
RLTRIAL (3)
RLTIME (28)

Executwve Functioning (EXEC)
SPERROR (1)
LRBIAS (19)
RLBIAS (23)
PRBIAS (6)
STEP (13)
STEA (11)
Stimulus Coding (CODE)
SDOT (10)
SDERROR (8)
Retrieval (RET)

Central STDPM (14)
: STOPS (22)
Peripheral STDPI (18)
STDAI (16)

Output (OUT)
SDM (24)
Efficiency (EFF)
RTMEAN (21)
RTYINT (20)
RTSLOPE (31)
RTSD (26)
RTERRORS (30)

Overail proportion correct
Mean threshold time
Median threshold time

No. of errors

Errors in Positions 5 and 6
Time to answer

Mean looking time
SD of locking time

Errors in Serial Positions 1 and 2
Median correct time in learning

No. of trials in learning
No. of trials to relearn
Median time for correct answers

No. of errors
Chi-square bias in learning

Error rate, negative set trials

Mean decision time for simutus discrimination
No. ol errors

Mean decision time, positive trials

Slope decision time, by set size, pos. trials
Y intercept, decision time by set size, pos.
Y intercept, decision time by set size, neg.

Mean movement time

Mean decision time in reaction time

Y intercept of correct responses

Slope of decision time by bits of information
SD of decision time, correct response

No. of errors

*Numbers in parentheses are rank order of the standardized magnitude of differences between groups.

a middle-class suburb (mean WAIS Full-Scale
1Q = 67.45, standard deviation [SDI = 7.56,
range = 49 to 80), and 20 college student
volunteers (mean WAIS 1Q = 115.55, S =
7.79, range = 94 to 132) from introductory
psychology classes. Although each group
had a curtailed 1Q range, the combined
group had an extended range (SD = 25.51),
anatural result of our extreme group design.
Although it would be desirable to be able to
determine the independent contribution of
1Q and MA (o differences in cognitive ability

reflected in the basic cognitive tests, this was
not possible because of the restricted age
range. The mean age of the subjects with
mental retardation was 18.25 years (SD =
1.65) and of college subjects, 18.95 years (53
=1.28). Using raw score on the WAIS-R as an
index of MA, we found that the correlation
between Full-Scale WAIS-Rand MA was .995.
This high correlation indicates that 1Q and
MA provide almostexactly the same informa-
tion in this sample. In the following discus-
sion, one should remember that 1Q and MA
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could not be distinguished in this sample.

Procedure

All subjects were tested with the nine
basic cognitive tasks and the WAIS-R. Test-
ing took place in small (1.5 m) testing rooms,
and took 3.5 1o 5 hours, distributed over two
sessions one day apart. When they arrived at
the lab, subjects were shown to the testing
cubicle and were given general instructions
conceming the tasks. All further instructions
and all cognitive testing were administered
by computer. However, for students from
special education classes, there was an ex-
perimenter present to maximize motivation
and cooperation. All instructions included
practice trials, which, in most cases, did not
use stimuli included on the test trials. The
experimenter answered any questions and
transferred data to diskeues after each task
was completed. Subjects were allowed to
rest between tasks and at the midpoint of
each task if they wished.

The WAIS-R was administered by a
trained graduate student. Alt answer sheets
were checked by another student, andta third
person rechecked the answer sheets. The
lowest scoring college student showed an
unusual pattern of WAIS subtest scores, but
his Full-Scale 1Q was used because the exam-
iner thought the questionable subtests were
valid.

All of the cognitive tasks were adminis-
tered by a Terak 8510a computer fitted with
touch screen voice synthesizer (Votrak Type-
n-Talk) and frequently calibrated video moni-
tors. The touch screen allowed all responses
to be made by touching the video monitor
positioned at eye level. Most tasks began
with the subject pressing a “bar,” or home
key, at the bottom of the monitor. Subjects
never touched the keyboard during testing.

All subjects were instructed to use the
index finger of their preferred hand. They
were allowed to switch fingers or hands, but
all subjects were carefully watched to ensure
that they used only one finger on one hand

at a time. When subjects attempted to use
two hands, they were warned to use only
one. In one case, the experimenter held one
of a subject’s hands.

For all tasks, a correct response was
signalled by a beep and an incorrect re-
sponse, by a click. Some of the tasks pro-
vided additional feedback through the voice
synthesizer, which was used to present all
instructions and prompts during testing. The
voice synthesizer’s “computer” accent was
understandable, and an experimenter was
available to answer questions. Timing to an
accuracy of about 17 msec was accomplished
by the TIME function of U.C.S.D. Pascal.

Stimuli

Stimuli for tasks were twenty-four 2 cm
x 2 ¢m, 4 %X 4 matrices with some cells filled
(cf. Caruso & Detterman, 1983a, 1983b). The
number of cells filled fit the random ex-
pected distribution. All subjects received the
same random orders of stimuli, and the tasks
were administered in the same order. Typical
psychometric practices of arranging items by
difficulty or selecting discriminating items
were not used.

Pilot Testing

Tasks used were pilot tested with hun-
dreds of subjects to produce reliable mea-
sures. We found that most tasks, although
quite adequate for demonstrating differences
across experimental conditions, did not yield
reliable individual differences measures un-
til they were altered substantially.

Split-half reliabilities are reported. 1Qs
are WAIS-R Full Scale. All times are reported
in milliseconds unless otherwise indicated.

LEARNING (LR)

LR was designed to measure learning of
an association between a stimulus and its
position in an array, which should reflect
later processes in the modal model, such as

Detterman et al.
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tertiary memory. Detterman (1979) has noted
that Tater stages of information-processing
may he confounded by deficits in carlior
stages. Therefore, learning may not be a clear
measure ol these later processes but may
also reflect deficits earlier in the system.,

Although people with mental retarda-
tion have been found to have deficits in
learning, the relation between learning and
1Q often has been said to be rather low,
perhaps accounting only for 20% of (he
variance of intelligence (Crockett, 1974).
Evidence from the literature on persons with
brain damage and idiots savant shows th
memory can be unusually good whi
ligence is low (Deuerman, 1979).

Method

Task

LR was a fixed list, multitrial learning
procedure. Eight blank stimulus squares
appeared evenly spaced horizontally across
the screen, with a ninth empty stimulus
square centered T emabove the eight-square
array. The cight stimuli to be learned ap-
peared for one second, one after the other in
the horizontal cight-stimulus array, with no
interstimulus interval.

Immediately after the eighth stimulus
was presented, one of the eight stimuli
appeared in the top “probe” position. The
participant’s task was (o touch the square in
which the probe stimulus had appeared. An
auditory stimulus was sounded when a square
wastouched, and the correct position flashed
for LLOscconds. Then, a second stimulus was
presented in the probe window, and so on,
until all eight stimuli had been tested. This
procedure was repeated until a criterion of
one perfect trial or 40 trials was reached.

Results

Missing Data. Two persons’ data, one
from cach group, were missing from the LR

task duc to experimenter error. For both
cases, the mean within-group values were
assigned for cach LR measure.

Measures

Mostof the variables recorded from this
task estimated speed of 1 carning; three addi-
tional parameters were derived that quanti-
fied individual differences in response bhias
and' rsponse speed. LRTRIAL The simplest
mcasure for LR was the number of the trials
feane perfect recall of the cight stimuli or 40

“irhever came first. Thus, the mea-
stne could range from 1to 40, LRADJTRI: For
subjects who reached trial 40, an adjusted
trials score was calculated: LRADJTRL = 40
divided by the overall percentage correct on
the last 3 trials. For example, if LRTRIAL was
40, and the participant averaged 50% over
the last 3 trials, then LRADJTRL would be 80.
For participants with LRTRIAL less than 40,
LRADJTRL = LRTRIAL. LRPERCORR: Percent-
age correct was calculated from the number
of correctly responded to probes. We as-
sumed that subjects wlio learned the stimuli
inless than 40 trials would have continued to
perform perfectly on the remaining trials.
Thus, LAPERCORR = (number probes correct
+ assumed correct) / 320 (40 trials x 80
positions). LRMARKOVP and LRMARKOVA-
Viewing LR as a two-state Markov process in
which a subject’s knowledge of a stimulus
may change on a given trial from either
learned 1o unlearned with probability P, or
from unleared to learned with probability
A, we calculated the probabilities P and A for
each pair of successive trials, and trial (T) and
T-1for each item, which we averaged sepa-
rately across all trial pairs, yielding
LRMARKOVP and LRMARKOVA. If a subject
was perfectly correct on Trial I, then
LRMARKOVP was 0.0 and LRMARKOVA was
LO. LRPRIMACY was percentage correct at
Positions 1and 2 minus percentage correct at
Positions 4 and S. LRRECENCY was percent-
age correct in Positions 7 and 8 minus
percentage correctat Positions 4 and 5. Both
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measures could range from -1 to 1.
LRAVMEDC was median response time of
correct responscs. IRBIAS: Chi-square was
calculated for the number of observed re-
sponses at cach position againstan expected
distribution of equal numbers of responses
for each position. LRBIAS was maozi 1 _T_
participant’s chi-square was significant, 0, if
nonsignificant. LRNULLRESP: The number of
no responses within 8 seconds f; probe
presentation plus responses to an inappro-
priate place were summed to measure task
inappropriate responding.

Descriptive Statistics

The mean and SP for each measure for
each group are shown in Table 3. Distribu-
tions of some measures departed from nor-
mality: LRBIAS and LRNULLRESP .nrm:zﬁ_
behaviors that were virtually nonexistent
among the participants who did not have
mental retardation, but substantially present
among those who did. :NZ>EAQ<1H
LRMARKOVA, LRPERCORR, and LRAVMEDC
were distributed normally for both groups.

Reliabilities and Correlations

Reliabilities of most measures could not
be calculated hecause the task could not be
split into two independent halves. Correla-
tions across groups were high. The three
highest correlations with 1Q were LRTRIAL, r

= 85, p<.001, LRPERCORR, r= 80, p< 001,
and LRMARKOVA, r= 76, p < 001, all of
which quantify learning. The high Q::.._M_,
tions for participants with mental 2.:.?5:::
may be due to their greater variability on
these measures (see Table 3).

Prediction of WAIS-R 1Q from this task
seemed poor for the college student group,
good for the retarded group, w:m— excellent
for prediction across groups. The results
secm to contradict findings that learning has
only a low relation to 1Q. Especially _,:Q‘,:‘:,
patible with this view is the -.85 correlation
between trials-to-criterion and WAIS-R 1Q.

RELEARNING (RL)

Task RL used the same stimuli and
procedure as task LR and was used to mea-
sure savings in releaming the day after 1R
was given. It measures long-term memory,
which has been related often to 1Q. Conclu-
sions concerning long-term memory are simi-
larto those forlearning. For instance, Belmont
(1966) suggested that long-term retention is
not influenced by intelligence and, in fact,
that it is equal for people with and without
mental retardation.

Method

Task

The relearning task was presented 24

Table 3
Means, SDs, Reliabilitles, and Correlations With WAIS-IQ of Measures From Learning (LR)
Combined
College Mentally
mEaMm.m retarded groups
Variable Mean SD Mean SD Mean SD Relia qu.
77 21.61 15.53 -

RI, 8.69 5.25 3453 10 .
_r.MMD;\.,—_Wr 8.68 5.25 23336 29967 121.02 wmm.m_ MN
LRPERCORR 62 .09 .32 .dww “w 21 &
LAMARKOVP .30 13 56 mﬁ o o .wm
LRMARKOVA 67 1 .34 . o .Km e
LAPRIMACY .002 .192 .033 .062 R .dww %
LRRECENCY .058 167 .025 .051 s“m 422 o6 -
LADIAS 600 o1 5375 en2s 2985 5069 PO

! 6.00 R . . . v
m“ﬂ:)%rnmmv 7.37 1.02 14.42 24.27 7.58 18.31 .99 4
*Correlation of the variable with 1Q.
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hours after the leaming task. Instructions
procedures, and _‘x;::.w:.? were :_M,—J::H__
to the leaming task in all but two respects
First, 1 sk began by probing the cight
positions that had been learned the day
before rather than firsy presenting the stim-
uli. Second, the task was shortened so that
subjects received a maximum of 25 trials.

Results

Measures

Measures were identical to those for the
learning task, with two slight changes and
one addition, RISAVE Savings on the re-
learning task compared (o the learning task
was calculated as LRTRIAL for the learning
k plus RUTRIAL for the relearning task
ded by LRTRIAL. T is the classical
measure of savings (Woodworth, 1938).
RETRIAL and RIADJTRI. were changed o
allow for the use of 25 rather than 40 triz

Descriptive Statistics

Meansand SIx for cach RL measure can
besceninTable 4. Of particular interestis the
fact that both groups displayed almost ex-
actly the same amount of savings on relearn-
ing. Evidently, long-term retention of learned

Table 4

material does not differ with abi ity, as
Belmont (1960) concluded.

Reliabilities and Correlations

Reliabilitics could not be calculated for
most RL measures but, where they could be
calculated, were moderate to high (.50 to
-87). Correlations with WAIS 10 for college
students were similar to those for LR, with
one exception. RLPERCORR correlated with
4\>7, 1Q, r=.50, p < .01. No other correla-
tions weresignificant. Correlations with WAIS
1Q werce considerably higher for participants
with mental retardation. The three high cor-
relations were RLBIA, r = -70, p < 001,
RLMARKOVA, r = 72, p < 001, and
RLPERCORR, r= 68, p< 001, none of which
reflect relearning. As for LR, lower correla-
tions for college students may reflect their
lower reliability on the RL measures, Gorre-
lations across groups were high, ranging up
to RLTRIAL, r= 84, p< .001, x:(_>xxc‘<>_
r=.72,p< 001, RLPERCORR, r= 68, p< 001,
and RLBIAS, 7= -55, )< 001, RLSAVE did not
correlate with 1Q. Relearning measures added
very little to learning measures.

CHOICE REACTION TIME (RT)

Individuals with mental retardation and
college students differ in their RTs: College
students are typically faster and more consis-

Means, SDs, Reliabilities, and Correlations with WAIS-1Q of Parameters From Relearning (RL)

C

{lege students

Mentally retarded

Combined groups

Variable Mean SD Mean

SD Mean SD Reliability I

RITRIAL 360 252 19.05 765 11.33 8.05 B
RLADJTAL 3.60 252 51.92 46.69 2776 4079 s
RLPERCORR 80 09 46 23 63 R
RLMARKOVP 09 10 48 19 28 > %
RUMARKOVA 87 15 48 25 68 s e
RLMPRIMACY -08 19 03 14 —05 it i
RLRECENGY o7 18 05 15 06 e o8
RLTIVE 062 5.37 6.69 5.29 8.15 5.46 56 %
RLBAS % 1.27 32.71 47.62 1732 3672 75 -85
RUNULLRE: 58 69 2.00 410 1.28 3.00 87 -26

153 41 157 15 1.55 31 —09

*In seconds
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tentin both simple RT (Baumeister, Hawkins,
& Kellas, 1965; Baumeister & Kellas, 1908a,
1968b; Baumeister, Urquhart, Beedle, & Smith,
1904; Berkson & Baumeister, 1967) and choice
RT (Lally & Nettelbeck, 1977; Nettelbeck &
Brewer, 1976; Wade, Newell, & Wallace,
1978). Relations have been found between
1Q and choice regardless of the number of
choices (Jensen, 1979; lally & Nettelbeck,
1977, Vernon, 1981, 1987).

Method

Modeled after Jensen’s (1979) choice
RT task, the RT task in the present study
required that subjects respond to the onset of
one of up to eight possible stimuli. Reaction
time differed from Jensen'’s procedure in that
(a) the number of possible stimuli changed
randomly from trial to trial rather than being
blocked and (b) when there were onc, two,
or four possible stimuli, their screen posi-
tions changed from trial to trial, instead of
maintaining constant screen positions.

Stimuli and Task

Stimuli were completely empty and
completely filled matrices, which appear as
lit or unlit squares. Eight matrix positions
were arranged on the screen along a semi-
circle, each equidistant from the home key at
the bottom of the screen. Either one, two,
four, or eight matrices might be displayed on
a given trial.

A trial started when a participant touched
a home key, which they were required to
touch until responding. If they lifted their
fingers before it was time to respond, a buzz
reminded themto keep their fingers in place,
and the trial was started over. When the
home key was touched, it lit up, a warmning
tone was sounded, and a set of one, two,
four, or eight empty matrices appeared on
the screen. After a random interval of from 2
to 4 seconds, one of the displayed matrices
was lit, and the participant was expected to
touch that matrix as quickly as possible. After

a response, the display disappeared and the
subject could start the next trial at any time
by touching the home key.

There were 96 trials after 10 practice
trials in RT. Each of the four display sizes
(one, two, four, eight) was presented 24
times. The lit square appeared in each of the
eight possible positions three times [or each
display size. Distractor positions for Display
Sizes 2 and 4 were determined randomly.
The 96 trials were presented in a simple
random order for all subjects. Thus, display
size was not blocked, as is done in much RT
research.

Procedure

To begin, a demonstration trial and 10
practice trials were given. All practice trials
presented eight choices. During the 96 ex-
perimental trials, subjects were verbally rein-
forced by the computer if the decision time
on that trial was faster than their previous
fastest decision time or faster than that of all
of the preceding 5 trials. The reinforcements
given were randomly drawn from a pool of
five possible reinforcers, such as “fastest so
far,” “faster than a speeding bullet,” and “best
one yet.”

Data recorded for RT included decision
time (from the time one matrix lit up untitthe
time the subject lifted his or her finger to
respond), movement time (the time from
lifting his or her finger until touching the lit
matrix), and errors (touching an incorrect
matrix or missing all matrices)

Results

Parameters

Five measures were calculated from
each participant’s correct trials only. RTMEAN
was the mean decision time computed from
the decision times of all (nonerror) trials,
regardless of display size. RTSI? was SD of
decision time computed from all trials.
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RISLOPE was the slope of mean decision
time across log (Base 2) of display size.
RTYINT was the yintercept of RTD'TSLOPE,
RTERKORS was percentage of trials with
CITorS,

Descriptive Statistics

Means and SIx for the groups sepa-
rately and combined are shown in Table 5. As
expected, participants with mental retarda-
tion responded slower than did college stu-
dents and were more variable within- and
between-subjects. Although decision time
intereepts also followed the expected pat-
tern, slopes were virually flat, perhaps be-
cause ol unrehiability.

Reliabilities and Correlations

RTYINT was reliable C90)and correlated
strongly with 10 (-.52). RTMEAN was reliable
only for college students (.78), but correlated
stgnilicantly with 1Q anyway (-.43). More
intelligent participants had lower intereepts
and lower mean decision times than did less
intelligent subjects. RTSLOPE and RTSD did
not correlate significantly with1Q, presumably
because of attenuation caused by low

Table 5

reliabilitics, and correcting for attenuation,
the correlations were .54 (RTSLOPE) and
-~ 87 (RTSD). These differences in reliability
suggest that as 1Q increases, the effect of
display size on decision time and its variability
decreases. Blocking display size across trials
might increase reliability.

PROBED RECALL (PR)

Short-term memory has been found to
be deficient in individuals with mental retar-
dation (Detterman, 1979) and related to
intelligence in a sample of persons without
mental retardation (Cohen & Sandberg, 1977,
1980). The short-term memory task employed
in this study may be considered solely a
mecasure of primary memory or of both
primary and secondary memory, depending
upon the specific operational definition of
primary memory one selects. For our pur-
poses, the task may be viewed as a measure
of both primary memory and secondary
memory, if data are analyzed for the last two
and first two serial positions, respectively.
Typically, primary memory is viewed as be-
ing relatively intact in persons with mental
retardation, with the memory deficit being
focused in secondary memory (e.g., Ellis,
1970). In several studies, however, investiga-

Means, SDs, Reliabilities, and Correlations With WAIS-1Q of Parameters from Reaction Time (RT) and

Probed Recall (PR)

e students

Mentally retarded

Combined groups

tors have found evidence for a primary
memory deficit (Cohen & Sandberg, 1977,
1980; Detterman & Ellis, 1970).

Method

Task

The task we used to assess short-term
memory was a six-position probed recall task
similar to that employed by Ellis (1970).
When a home key was touched, a beep
sounded and a stimulus display appeared. If
the home key wassstill being touched, one of
the 24 possible stimuli appeared in the first
open window for I second. The position
displaying the stimulus then went blank, and
the stimulus in the next position appeared
for 1 second, and so on for six positions.
Next, one of the six presented stimuli ap-
peared in the position above the row. The
subject tried to recall and touch the position
that this stimulus had appeared in. If he did,
the speech synthesizer responded “yes”; if
not, a click was presented. Then the entire
screen was cleared. The speech synthesizer
then said, “Next,” indicating that there was
another trial.

Stimuli were counterbalanced so that
each stimulus appeared in each position
equally often. Each serial position was tested
equally often. On each trial the following
were recorded: probe stimulus, correct an-
swer, subject’s response, and latency of re-
sponse.

each onc for as long as they wanted. After a
stimulus item appeared in each position, the
probe stimulus appeared in the position
above the row of six stimuli. The subjects
were told to touch the place where they
remembered seeing the probe stimulus. 1f
the subject’s response was correct, a beep
was presented, but if the response was
incorrect, a click was heard. The position of
the answer flashed on and off once after the
subject responded. There were 3 practice
trials and 144 test trials.

Results

Parameters

There were 9 measures for the PR task.
Thesc variables included measures of short-
term memory capacity, primacy, recency,
decision time, and response bias. PRERROR:
Short-term memory capacity was measured
by the number of errors, which could range
from 0 to 144. PRDTMEAN was mean deci-
sion time for 144 trials and was intended to
index time to access memory. PRBIAS: Chi-
square was used to compare each participant’s
actual distribution of responses to correct
distribution of 24 per position. Significant
chi-squares were coded as 1 for PRBIAS.
PRDT12, PRDT34, and PRDTS6; Mean deci-
sion times of correct responses for the first
two positions (PRDT12), the middle two
positions (PRDT34), or the last two positions
(PRDTS6) were used as times to respond
after probes were presented. PRSM, PRERR 34,

Task/Variable SO Mean SO Mean SD Reliabilit r
—— Y ° Procedure and PRPM:. Error rates for the first two
Reaction time iti (PRSM), tl iddle t iti
ATMEAN 28.33 55433 268.50 463.17  209.83 _47 positions (PRSM), the middle two positions
! mmw: 9.67 3200 1817 2167 3367 -.36 Allinstructions were given by the speech  (’RERR34), and the last two positions (PRPM)
i ”Liﬂwcm meMW um,ww mmm.mm M%MW »mwmw me.mw =05 synthesizer. Participants were shown the were calculated. PRSM is viewed as a mea-
i " < X 52.F . 3. X _.48 A . . . - .
w RTEARORS 415 2.34 5.96 7.18 5.06 535 P home key and asked to touch it. They were  sure of secondary memory; PRPM, of pri-
j Pmﬂm__&m%m: 6740 2410 then shown astimulus display and instructed  mary memory (see Figure 1).
| F 5 24. 957 80.28  29.4 96 -78 s 8 agai > a st 5
| PRDTMEAN 2106 g 978 2914 795 96 T to press the _:.:E rnJ.\ Mrnn::‘go see m_m:::__:v
mmm_bw 1043 052 31.90 34.61 33.80 87 -78 matrix in the first position. The subjects were Descriptive Statistics
t:aam 2208 3_“ ,wmm wwwm :wx 77 -13 instructed to look at the stimulus matrix and
; 5 8 - L .
PROTS6 320 2 e 13 try to remember it. They were then told o Means and $Ds are presented in Table
2 937 1987 718 90 -32 ’ Y L . :
mmmw\_mﬁ 12.00 3.97 3190 1290 .96 -72 press the home bar to sec the rest of the 5. Participants with mental retardation made
k 9.90 456 2950  10.60 93 -66 i atrices ; re 1 e . . an did o
PRPM 518 841 Y932 07 o oo stimulus matrices and were allowed to view  many more errors than did college students
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Jerome, 1977, Ph

at all serial positions, and they showed
greater response times of the
groups were not significantly different,

Reliabilities and Correlations

FFor the combined groups, all error vari-
ables had high split-half refiability, the low-
est _being 89, Ixcept for PRPM, error
reliabilities were higher for college students
than for participants with mental retardation.

The corrclation with 1Q that differed
between the two groups was that for the
variable PRERROR: 7= -.43 for subjects with
mental retardation and r = -.03 for those
without mental retardation. The correlations
between1Qand the variables PRSM, PRERR34,
and PRPM were all very high. These data
indicate that 1Q is highly related to both the
primary and sccondary short-term memory.

STERNBERG SEARCH (ST)

ST measures high-specd memory scan-
ning (Sternberg, 1966, 1975). Subjects were
required to memorize a set of from 1 10 6
digits and then indicate whether a subse-
quenty presented “probe stimulus” was or
snota member of the memorized set. The
ST measures are slopes and yintercepts of
RT across sct size. Slopes are used o index
memory scanning rate and Jintercepts, 1o
reflect speed of encoding. Sternberg (19606,
1975) found that RT increases with size of the
positive set (stimuli from the memory set),
suggesting that subjects search through
memory items scrially in order to find a
match. Also, the R slope for the negative set
(stimuli not in the memory set) paralleled
that of the positive sct, and its intercept was
slightly higher. A search for a negative item
must be exhaustive so the higher intercept
indicates a sclf-terminating search of the
positive set.

Persons with mental retardation have
steeper slopes than do those without mental
retardation (Iarris & Fleer, 1974; Maisto &
bs & Nettelbeck, 1985),
and encoding speed (Harris & Fleer, 1974,

b

Silverman, 1974) indicates slower scanning
rates. Inconsistencies in the literature on this
matter are probably due to methodological
factors (sce Silverman, 1974, in regard to
scanning and Maisto & Jerome, 1977, in
regard to encoding).

Method

For the ST we used sets of one, two, or
three stimuli followed by a probe stimulus,
which could be positive (matching) or nega-
tive (not matching). Each of the three memory
sets and their corresponding negative probe
sets were the same from trial to trial. Set sizes
were not blocked, however, so stimuli
changed from trial to trial.

Task

Subjects touched a home key (small bar
at the bottom of the display) to initiate each
trial and continued to touch it until prompted
to respond. If the subjects lifted their fingers
off the home key during a trial, a buzz was
sounded, the screen was cleared, and the
trial was readministered. When the home bar
was touched to begin a trial, a focus point
was displayed in the center of the screen for
1.5 seconds. Memory set stimuli were then
displayed successively for 1.5 seconds each
at the center of the screen. Immediately
following the presentation of the memory
sel, two matrices were displayed in the
middle of the screen, 2 cm apart. The left
matrix was always a probe stimulus, either a
stimulus from the memory set or a distractor
stimulus. The right matrix remained com-
pletely blank throughout the task. Subjects
were instructed to touch the probe stimulus
if it had appeared in the previous set and to
touch the blank matrix if the probe had not
appeared. Each trial ended with the subject’s
response. A correct response was indicated
by a beep, an incorrect response by a click.
The screen was then cleared until the home
bar was touched again to initiate the next trial,
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Each of the three memory set sizes was
presented 30 times. The position of the
matching stimulus, the position of the cor-
rect response (probe stimulus or no match),
and set size were counterbalanced across
trials. All participants received the same ran-
dom order of trials.

The following measures were recorded
for each trial: number of stimuli displayed
(one, two, or three), position of the probe
stimulus, the subject’s response, decision
time (the time from the presentation of the
probe stimulus to the lifting of the finger
from the home bar), and movementtime (the
time from lifting of the finger to touching
cither the probe stimulus or blank matrix).

Procedure

Subjects were told that speed as well as
accuracy of response were important. Eigh-
teen practice trials (6 trials per sct size)
followed. The task stimuli and distractor
stimuli used during the instructions and
practice trials were identical to those used
during the experimental trials.

Results

One subject from the mentally retarded
group was excluded from analysis because
of response bias. Means for this group were
substituted for the missing data of this sub-
ject.

Parameters

Thefollowing parameters were obtained
from ST for each subject. STDPM was the
mean decision of all trials for which the
probe stimulus matched one of the memory
set stimuli. STDAM was the mean decision
time for alltrials for which the probe stimulus
was absent from thie memory set. STMPMand
STMAM were mean movement times for the
positive set and the negative sct, respec-

tively. STDPS. Decision time means com-
puted for each set size from trials in which
the probe stimulus matched a memory set
stimulus were regressed on set size to calcu-
late slope. STDAS was the slope of decision
time by set size computed for negative trials.
STMPS and STMASwere the slopes of move-
ment times by set size for posilive and
negative sets, respectively. STDPI was the
intercept of STDPS. Similarly, STDAIwas the
intercept of STDAS, STDPI was the intercept
of STDPS, and STMAI was the intercept of
STMAS. STEP was the percentage of errors
made for the 54 positive set trials. STEA was
the percentage of errors for negative set.

Descriptive Statistics

College students showed the same pat-
tern of results found in Sternberg'’s (1960)
work and similar studies (see Table 6). STDPS
and STDAS (28.33 msec and 29.83 msec,
respectively) were positive, indicating a se-
rial memory search, and equal, indicating an
exhaustive search. STDAI (756.67 msec) was
slightly higher than STDPI (716.67 mseo).
However, the actual scanning (STDPS and
STDAS) and encoding rates (STDPI and
STDAI did not match Sternberg’s findings of
38-msec slopes and (approximately) 400-
msec intercepts, which is probably attribut-
able to the difference in stimuli used.

Participants with mental retardation
performed oppositely from college students.
Their STDPS and STDPA were negative and
drastically different from each other (-520.33
msec and -34.62 msec, respectively). Also,
STDPI was higher than STDAI (2867.17 and
1734.00, respectively), just opposite to ex-
pectations. Error rates for subjects with men-
tal retardation were high (STEP = 28.95, STEA
= 29.83), and, although error trials were
excluded from analyses, the task was too
difficult for many of the participants with
mental retardation. The negative slopes re-
flect lower decision times as the set size
increased, suggesting that subjects guessed
as the task became more difficult.
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Table 6

Moeans, SDs, Reliabilities, and Correlations With WAIS-IQ of Parameters From Sternberg Search Task (ST)

l'oge students

Mentally retarded

Variable Mean SD Mean SD Mean SD Reliabdiry Mo

STOHPM 72300 181.70 1646.47 893.23 121043  1210.43 47 ~-63

STUAM 82517 192.05 1664.70 1365.48 1245.00 1025.15 .83 -.42

STOPS 2833 48.37 -52037 B822.48 —246.23 63R 58 .94 52
2983 7072 -34 62 534.27 2.33 arr 58 .44 12

S1DM 716 67 19415 268717 243468 170293 197478 95 -.58

STDAI 765 67 24560 1734.00 959.45 1249.68 847 58 67 -.62

STMPM 244 B3 98.58 557.55 532.67 401.57 409.78

STMAM 233150 95.28 560.53 519.22 396.98 403 98

STMPS 16 67 30.22 -40.05 157 .43 -11.72 11552

STMAS 19.50 23.28 -61.07 465.95 -20.92 32817

STMPl 21167 93.60 637.62 671.87 424.98 520.15

STMAI 194 67 89.05 683.95 1396.97 439.27 100797

S1EP 494 28.95 16.17 .58 -.65

STEA 3.33 29.83 16.39 .95 -.68

Reliabilities and Correlations

Several re itics were high (STDAM,
88, STDPS, 94; STHPI, 95: STEA, 99). Low
reliabitities on STDPM, STDAS, and STDAT in
the combined group (47, .44, and .67, re-
spectively) reflect contamination of high
reliabilities for college students (.93, .89, and
80, respectively) by low reliabilities for par-
ticipants with mental retardation (.34, .31,
and .03, respectively). Reliabilities of STDAI
(.67) and STEP (.58) were moderate.

The correlations of greatest concern in
this study were those of HQ with scanning
(STDPS and STDAS) and encading (STDPI
and STDAD mcasures. STDPS correlated .52
with 1Q and STDAS correlated .12, Subjects
with higher Qs had highers -anning rates for
positive sets. Although the reverse was ex-
pected (Harris & Fleer, 1974; Maisto & Jerome,
1977), this correlation is understandable
because of the high negative slope for par-
ticipants with mental retardation. On the
other hand, the STDAS correlated minimally
with 1Q, suggesting no relation between
scanning rate and 1Q when the probe stimu-
lus is absent.

Correlations of STDPI and STDAT with
1Q (.58 and -.02, respectively) revealed that
aslQincreased, intercept, orencoding speed,
decreased. These correlations were not un.
expected. Though there has been no agree-

ment as of yet regarding group differences in
intercept among individuals with and with-
outmental retardation, Harris and Fleer (1974)
found that intercepts of subjects with mental
retardation were higher than those of their
MA-maiched intellectually average peers.

Ideally, the task would be easy for all
subjects, and error rate would not have
correlated with 1Q. The best predictor of 1Q
was error rate: STEP correlated -.65 with 1Q,
whereas STEA correlated -.68. Although pilot
work had suggested that the task could be
done reliably by persons with mental retar-
dation, it appears to have heen too difficult
when included in a longer battery. In the
future researchers might use blocked trials
and many more praclice trials to ensure that
the positive set is well-learned.

SELF-PACED PROBE (SP)

Many studies sliow that persons with
mental retardation have a rehearsal defi-
ciency. Ellis (1970) was the first to suggest
that because primary memory was intact in
subjects with mental retardaiton and second-
ary memory was not, their rehearsal must be
faulty because it transfers information from
primary memory to secondary memory. Ellis
and Dugas (1968) and Belmont and Butterficld
(1977) required subjects to pace themselves
through a probe memory task, pausing as

Assessment

they wishied to study eaclt of six or seven
stimuli. Patterns of pause time across serial
positions were used to index rehearsal strat-
cgies. Subjects without mental retardation
paused longerat Position 3 or 4 than at other
positions, suggesting cumulative rehearsal.
Those with mental retardation, however,
produced fast and “flat”-looking times 2_%:
plotted against serial position, indicating
little or no rchearsal.

Method

The SP was designed to measure re-
hearsal strategy in a probed memory task. As
in previous work, subjects were allowed to
study list items one at a time for as long as
they wanted. After having studied all of the
items, subjects were given a probe stimulus
and asked to indicate the position at which
it was presented.

Stimuli and Task

All 24 standard stimuli were used in
random combinations of six, each of which
was presented at a different position.

When the home key was touched, a
beep informed the subject that the trial was
about to begin, and unfilled matrices ap-
peared on the screen. If the home key was
still being touched, one of the 24 stimuli
appcared, filling the left-most unfilled ma-
trix. In order to view each of the remaining
stimuli, subjects had to lift their fingers off
the lhome bar and touch it again. After the
subject viewed all six stimuli, one of the six
stimuli appeared in the position above the
row. The subject had (o recall the position
that thie probe stimulus had appeared in and
touch that position on the screen. If the
answer was correct, the voice synthesizer
said “yes,” if the answer wasincorrect, a click
sounded.

The number of trials, and the stimuli
used on each trial, was identical to that used
for SD and PR. On cach trial the following

data were recorded: probe stimulus, correct
answer, subject’s response, looking time
(time that the home bar was pressed for each
position), and latency of response.

Procedure

College students required from 40 to 60
minutes, and subjects with mental retarda-
tion, 50 to 75 minutes to complete the task.
All task instructions were given by the voice
synthesizer. Thus, subjects were first shown
the home barand requested to touchiit. ‘They
were then shown the stimulus display and
instructed to press the home bar again to see
a stimulus in the first position. Subjects were
instructed to look at the stimulus and try to
rememberit. They were then told to press the
home bar to see the rest of the stimuli and
view each one as long as they wanted. After
a stimulus appeared in each position, the
probe stimulus appeared in the position
above the row of six stimuli. Subjects were
told to touch the place where they remem-
bered seeing the probe stimulus. The posi-
tion of the correct answer flashed on and off
once after the subjects responded. There
were three practice trials.

Results

One college student’s data were lost
due to equipment failure, and the other
college students’ means were used in their
place.

Measures

Twelve measures were analyzed.
SPDTALL was the mean looking time per
stimulus. SPSDALL was the SD for all trials of
the mean looking times for each position. A
measure of variability of looking time, it was
an indicator of strategy use. SPDTCOR, the
looking time for correct trials, was calculated
in the same manner as for SPDTALL, except
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t only correct trials were considered.
SPDTANS: Decision time was measured from
the onset of the probe stimulus until the
subject touched one of the empty matrices.
Data from all trials were averaged for each
subject. SPDTANSCORR: The decision time
for correct answers was calculated in the
same way as for SPDTANS, except that only
correct trials were averaged. SPERROR was
the number of incorrect trials. Its value could
vary from 0 to 144. SPSDCORR and SPSDINC
were the SDs of looking times for correct
trials only and incorrect trials only, respec-
tively. SPSLOPE, SPZSLOPE, SPINT, and
SPZINT SPSLOPE was the slope of mean
looking times for cach serial position re-
gressed on serial position. This parameter
was a measure of strategy use, as il was
hypothesized that the subject’s looking time
would partly be a function of how far the
item was from the end of the list (and the
probe onset). The intercept was also com-
puted from these data (SPINT). In addition,
the looking times were transformed to z
scores, and the slopes (SPZSLOPE) and inter-
cepts (SPZINT) were computed to remove
the effects of effort (see Belmont, Ferretti, &
Mitchell, 1982).

Descriptive Statistics

Table 7 provides means and SDs of
these measures for both groups. The subjects
with mental retardation viewed stimuli for

Table 7
Means, SDs, Reliabilities, and Correlations With WAI

less time, had flatter looking times across
positions, and made many more errors than
did the college students.

Reliabilities and Correlations

Within-group reliabilities were fairly
consistent, with the exception of SPERROR.
For college students, the reliability was .97,
and for subjects with mental retardation, .69.
Between groups, reliabilities were all above
.90.

Several 1Q and task measure correla-
tions differed for the two groups. The
SPSDALL variable correlated -.45 with 1Q for
the college student group and .02 for the
retarded group, the SPSDCORR variable cor.
related -.39 for the college students and -.16
for the retarded group, and the SLOPE vari-
able correlated 46 for the college students
and 08 forthe retarded group. Lookingat the
correlations of SPERROR with the various
strategy measures for college students, none
of the measures was significantly related (0
SPERROR, with the exception of SPSDINC, r
= -46, p <05. For subjects with mental
retardation, SPSDCORR correlated .45 with
SPERROR and was the only significant corre-
lation.

The SPERROR variable was significantly
related to 1Q, r= -87, D < .01, as were the
SPDTANS and SPDTANSCORR variables, s
=59 and .55, respectively, ps < .01. Some of
the measures of rehearsal or strategy use,

S-1Q of Parameters From Self-Paced Probe Task (SP)

_ Coliege students

Mentally retarded

Combined groups
T ——— et * A 2 A
SO M SD

Variable Mean SO Mean ean Reliability g
SPDTALL 2044 7.99 1290 1042 1657 1018 99 .34
SPDTCORR 2019 837 1429 1306 1716 1129 .99 .24
SPDTANS 2207 443 1514 553 1851 608 97 59
SPDTANCOR 2071 441 1445 528 1750 576 .99 55
SPERROR 39.45 23.60 106.85 8.81 73.15 38.40 .98 -87
SPSDALL 340 294 203 216 269 263 95 18
SPSDCORR 336 280 236 203 285 246 94 1
SPSDINC 496 451 204 230 346 380 .99 .34
SPSLOPE -108 192 =72 111 -89 155 .94 -.02
SPZSLOPE 3.16 518 275 4.61 2.95 483 91 .03
SPINT 2397 1187 1680 1599 2029 1442 .98 19
SPZINT 12.05 19.10 10.15 16.19 11.08 17.80 .91 .04
—_—_— —_—
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however, did not appear to be good predic-
tors of either IQ or SPERROR. The best
predictor of SPERROR was the SPDTANS
variable, r=-.62, p<.01. The longer subjects
viewed stimuli, the better their recall, as
indicated by the SPDTALL-SPERROR corre-
lation, r=-40, p < .05. Although SPSDING
had the highest correlation with SPERROR, r
= -48, p < 01, the interpretation of this
relation is not easily accomplished within the
framework of a self-paced task.

These results cannot be directly com-
pared with those obtained by Belmont et al.
(1982) as the task demands were different
and probably explain the discrepancy. How-
ever, the present relation between looking
time (SPDTALL) and recall (SPERROR) is
comparable to that obtained by Belmont et al.

STIMULUS DISCRIMINATION (SD)

Stimulus identification tasks typically
require the subject to select a stimulus previ-
ously viewed from a matrix of stimuli varying
along several dimensions. Previous research.
ers have found that subjects with mental
retardation have an identification deficit
(Smith, Kaufman, Dutch, & Frost, 1975).
Caruso and Detterman (1983a) reported that
identification abilities of adults with mental
retardation are deficient in rate but not
qualitatively different from those of college
students. This process, if deficient, may re-
sultin other information-processing deficits
that are dependent upon initial encoding or
identification of information.,

Method

We used asix-position match-to-sample
task to assess stimulus discrimination. A
home key appeared at the bottom of the
screen. Whenit was touched, abeep sounded
and was followed immediately by one of the
24 stimuli centered above a horizontal row of
six stimuli, one of which was identical to the
probe stimulus. The five distractor stimt
were randomly selected from the remaining
24.1f the home key was released, the stimu.

lus display disappeared, leaving only blank
stimulus boxes (unfilled matrices) on the
screen. When the home key was pressed
again, the display reappeared. The trial ended
when the subject pressed one of the six
blank stimulus boxes to indicate the position
of the display stimulus that matched the
standard stimulus. At this point, the entire
screen was cleared and the speech synthe-
sizer said, “next.”

If the subject’s response was incorrect,
the stimulus display information was re-
corded to be randomly inserted later, The
error trial was never readministered on the
following trial unless an error was made on
the last trial, in which case it would he
presented immediately afterwards. This pro-
cedure of inserting an error trial was not
apparent to the subject, nor were subjects
told thaterror trials would be repeated. Trials
were readministered until a correct response
was obtained for all displays. All subjects had
144 correct responses.

Each stimulus appeared as the standard
six times, with the correct answer appearing
once in each serial position, for a total of 144
trials. Order of presentation of stimuli and
the position of the correct answers was
random, with each subject receiving the
same random order. On each trial the follow-
ing were recorded: standard stimulus, cor-
rectanswer, subject’s response, position and
identity of distractors, time that the home har
was pressed, and the time from the release of
the home bar until one of the blank stimuli
was touched. In timed tasks of this kind, it is
important to record decision time indepen-
dently of movement time, In the present
experiment, both decision time and move-
ment time were recorded independently,
with decision time being the length of time
the subject touched the home bar and move-
ment time being the time between releasing
the lome bar and touching an empty matrix.

Procedure

College students required 20 1o 30 min-
utes to complete the task, and subjects with
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mental retardation required from 25 to 50
minutes. There were three practice trials and
144 test trials

Results

One college student’s data were miss-
ing from the analysis of the SDY task, due to
computer failure when administering the
task to the subject. When readministering the
task to this subject, there was another equip-
ment problem. Group means were used in
place of this subject's data.

Nine variables were analyzed.

SDMEAND T was the mean time the onset of
the stimulus display until the subjects re-
maved their fingers lrom the home bar.
SDMEANMT was the mean time it took a
subject to touch one of the empty matrices,
afterlifting his orher finger off the home key.
SDERROR was the number of incorrect re-
sponses (0 o 144) made by a subject.
SDDISTONE was the slope of each subject’s
mean decision time for cach stimulus, re-
gressed on the group mean decision time for
cach stimulus This variable indicated how
the subject’s decision time was affected rela
tive to his or her group's, by increasing the
stimulus difficulty level. SDDTINT was the
intercept of this line. SHMISLOPE and
SDMTINT: As previously described, the slope
(SDMTSLOPE) and intercept (SODMTINT) of
cach subject’s mean movement time for the
stimuli were computed. SDPOSSLOPE Slope
of decision time across serial position was
computed lor cach subject, as was intercept
(SDPOSIND.

Descriptive Statistics

The means and SPs for both LIOUPS are
presented in Table 8. The subjects with
mental retardation responded slower for
both decision time and movement time com-
ponents and had a steeper slope. The slope
differences indicate that their identification
of sumuli was stowed more by increases in

stimulus complexity than it was for the
college students.

Reliabilities and Correlations

The reliabilities for both groups were
comparable, with the exception of the
SDPOSSLOPE variable, where the reliability

vas .00 for college students and .15 for
participants with mental retardation. Several
variables correlated highly with 1Q for the
latter group but not for college students: for
SDMEANDT, the correlation with 1Q for
college students was .02, and -.70 for sub-
jects with mental retardation. For the
SDDTSLOPE variable, the correlations with
1Q were .02, and -.03 for subjects with mental
retardation and college students, respec-
tively. For SDPOSINT, the correlations were
03 for college students and -.63 for subjects
with mental retardation.

The SDMEANDT and SDDTSLOPE are
excellent predictors of 1Q. The faster re-
sponse times for the college students do not
appear to be due to a speed-accuracy trade
ott, as the time-SDERROR correlations were
all notstatistically significantly different than
7e10.

TACHISTOSCOPIC FULL REPORT (TF)

This task sought a measure of the time
neededto determine whether two stimuli are
the same or different. Nettelbeck (1982, 1985)
has shown that inspection time is a good
predictor of individual differences in intel-
lectual ability for a task as simple as deciding
whether two lines are different lengths.

Method

Task

This task was composed of 20 blocks of
trials of variable numbers. Each trial block
began with a stimulus presented for 17 msec.
When a subject responded incorrectly, the

Asseasment

Table 8

Means, SDs, Reliabilities, and Correlations With WAIS-1Q of Parameters From Stimulus
Discrimination (SD) and Tachistoscopic Full Report (TF)

College students

Mentally retarded

Combined groups

Variable Mean SO Mean SD Mean SO Relia [N

Stimitus

W8
spor 2529 675 5794 2927 4203 4203 .99 -.70
st 330 41 456 212 395 166 .96 —.44
SDERROR 9.10 9.52 20.85 2270 1513 18.30 84 -.32
SUDTSLOPE 5.26 2.30 19.18 11.60 12.40 10.90 Nl -.72
SODTINT 1193 325 921 1755 1054 1269 19 .08
SDMTSLOPE -9.05 20.10 16.60 42.90 .07 60 .96 -.25
SDMTINT 574 577 402 235 486 439 .60 .20
SDPOSSLOPE 34.94 88 49.18 197 4224 152 .04 -.05
SDPOSINT 2406 582 5641 3163 4065 2801 97 —.67

Tachistoscopic

Full Report
TFMN 31 9 75 44 53 39 90 —-.68
TFMD 23 7 54 36 39 30 67 -.61
TFDTAL 655 407 683 296 669 306 .98 .10
TFDTCR 645 402 679 309 669 369 .98 .10
TFDTWR 733 402 701 294 717 420 .86 .19
TFMTAL 587 324 676 418 631 377 1.00 .06
TFEMTCR 575 315 667 436 626 384 .99 .02
TFMTWR 634 410 684 402 659 407 .96 A7

presentation time on the following trial was
lengthened by 33 msec. When a subject
responded correctly, the following trial had
the same presentationtime. Eachiblock ended
when the subject responded correctly on
three consecutive trials. The threshold value
foreach block was defined as the last presen-
tation time. Each trial began when the sub-
ject touched the home bar. A fixation point
(a plus sign) appeared centered in the area of
the screen where the stimuli would appear.
After a 3-sccond delay, two stimuli were
presented that were either the same or differ-
ent. Same and different trials were equally
probable and were randomly determined.
After the two stimuli were presented, a mask
was presented for 250 msec. The mask con-
sisted of stimuli with all squares filled, ap-
pearing in the same position where the test
stimuli had been presented.

The subject responded by touching a
filled stimulus matrix on the leftof the screen
to indicate that the stimuli were the same and
an unfilled stimutus matrix on the right of the
screen to indicate that they were different.
Subjects were given one practice block of
trials before the test trials began. Subjects

were nottold that incorrect responses length-
ened presentation time, and, in fact, it ap-
peared that most subjects were unaware that
presentation time varied systematically within
a block of trials.

Results

Measures

In addition to presentation time, there
were three dependent measures: decision
time, movement time, and the correctness of
the response. TFMN was the mean threshold
for the last trial of each of the 20 blocks, and
TrMD was the median. TFDTAL was the
mean decision time for all trials (i.e., time
from the end of stimulus presentation until
the subject lifted his or her finger from the
home key. TFDTCR was TFDTAL calculated
only for correct trials. TFMYAL was TFMVAL
calculated only for correct trials. TFDTWR
was TFDTAL calculated only for incorrect
trials. TFMVALwas the mean movementtime
for all trials (i.e., time after the subject lifted
his or her finger from the home key until one
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of the response positions (same or different)
was touched. TFMTWR was TFMVAL calcu-
lated only for incorrect trials.

Descriptive Statistics

Descriptive statistics are shown in Table
8. The major variables of interest were the
threshold measures for which there were
large mean differences.

Mecan decision and movement times
were very similar for college students and
participants with mental retardation, an un-
usual finding indeed.

Reliabilities and Correlations

Split-half reliabilitics for the six move-
ment and decision time measures were mod-
erately to highly reliable (.71 to .99). Most of
these variables correlated poorly  with
Wechsler 1Qs (.30 1o -.17).

Only threshold times (TFMN and TFMD)
correlated highly with 1Q. Median threshold
times correlated -.57 with intelligence.

TACHISTOSCOPIC PARTIAL REPORT (TP)

This tachistoscopic task required sub-
jects to report information about a part of a
visual display at various intervals after pre-
sentation. We expected that subjects with
higher 1Qs would be able to process more
information and would loose information
from memory at a slower rate. Therefore,
overall proportion correct should  correlate
positively and slope of percentage correct over
time should correlate negatively with 1Q.

Method

TP consisted of 128 trials to allow coun-
terbalancing ol four positions, four time
offsets, and two response alternatives and o
produce four data points for each combina-
tion of positions, time offset, and response
alternative.

A trial began when the participant
pressed the home key, which proditced a
presentation of four stimuli chosen from the
sctof the 24 previously described. Presenta-
tion of the stimuli was controlled so that all
the stimuli appeared the same number of
times across the task. A trial commenced with
the presentation of a fixation point (3 sec-
onds) in the top half of the screcen. The
fixation point was followed by the presenta-
tion of four stimuli arranged in a square
around the fixation point. These four squares
appeared for 200 msec. The screen then
became blank.

After a delay of 0, 100, 300, or 700 msec,
a stimulus appeared in the lower left hand
corner, a blank square appeared in the lower
right hand corner, and a dotted line outlined
one of the four original stimulus positions.
Half of the time the stimulus appearing in the
lower left corner was the same as the stimu-
lus that had been in the position now out-
lined by dots; the other half of the time, it was
different.

The subject’s task was to indicate
whether the stimulus that appeared in the
position surrounded by dots matched the
probe by pressing either the stimulus in the
lower left corner (probe) or by pressing the
empty square in the bottom left of the screen
(no match).

Procedure

This task required approximately 20
minutes to complete, Subjects were instructed
to keep their head 24 cm from the screen in
front of them and were shown the appropri-
ate distance. The task began with five prac-
tice trials.

Results
Measure

Decision time, movement time, and
response choice were used to derive eight
measures. T°PC was the proportion of cor-
rect trials. Correlation of d' and TPPC was
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99, s0 only the simpler measures of percent-
age correct are reported. TPDTCR was the
mean decision time for correct trials and
TPDTWR, for incorrect trials. 7PMTCR and
TPMTWR were mean movement time for
correct and incorrect trials, respectively.
TPPCSL was the slope of percentage correct
over the four delay intervals computed for
each subject. TPDTSI was the slope of deci-
sion time over the four delay intervals com-
puted for each subject. TPMISL was the
slope of movement time over the four delay
intervals computed for each subject. Inter-
cepts are not reported because they corre-
lated with the foregoing measures.

Descriptive Statistics

There were large group differences for
all variables except slopes (Table 9). College
students were faster and more accurate than
were participants with mental retardation,
who performed near chance (.50).

Reliabilities and Correlations

The most reliable measures, 7 >.90,
were mean decision times. The least reliable
were slope variables (< .50). Proportion
correct was highly correlated with 1Q, even
though within-group correlations were low.
Althoughitis impossible to compare relative
decay rates of the two groups, there is no
doubt that accuracy on this task predicts

differences in 1Q.

General Results and Discussion

In this section, the results from all tasks
were considered collectively. Discussion was
confined to the variables listed in Table 1,
which were of primary theoretical interest.
The smaller number of variables was still
large for the number of subjects used here.
Care was taken to avoid interpretation of
chance results that small numbers of subjects
can produce. Although only large and con-
sistent cffects were interpreted, the results
reported here should be considered pre-
liminary.

Mean Differences

The 31 variables reported in Table 1
were each subjected to a one-way analysis of
variance to determine whether subjects with
mental retardation performed differently than
did college students. Of the 31 variables, 24
were statistically significant in the expected
direction, p < .05. Five variables (RTSD,
SPSDALL, PRSM, RLTIME, and LRBIAS) were
marginally statistically significant, p < .10.
Only two variables, RTERROR and RTSLOPE,
did not discriminate between groups. Unfor-
tunately, the differences demonstrated by
our measures are so large and ubiquitous
that they are difficult to relate to the modal
model presented earlier.

Table 9
Means, SDs, Reliabilities, and Correlations With WAIS-IQ of Parameters From Tachistoscoplic Partial
Report (TP)

College students Mentally retarded Combined groups
Variable Mean SD Mean SD Mean SD Relia Q
TPPC 62.5 9 518 4 571 9 .78 61
TPDTCR 1520 592 1193 426 1357 536 92 .28
TPOTWR 1732 644 1216 400 1474 593 .96 .43
TPPCSL -4.3 15 -3 19 -23 17 53 -.18
TPDSCR -350 143 -330 460 -340 440 .00 .07
TPDSWR -400 430 -110 890 -250 710 56 24
TPMTCR 418 154 673 492 545 369
TPMTWR 474 446 678 173 576 349
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Ordering of Differences

Although there were large and statisti-
cally significant differences between groups,
there also were differences in the magnitude
of these differences. One way to get an idea
of which processes are most important in
intellectual functioning is to consider the
standardized magnitude of the differenees
between groups (e, the tvalue). The rank
order of each variable is shown in Table 2 in
parentheses after the variable name. The top
10 variables showing the largest differences
between groups (t values in parentheses)
were: SPERROR (11.98), LRTRIAL (9.65),
MYTRIAL (8.58), PRERROR (7.89), PRSM
(6.60), PRBIAS (6.49), PRPM (5.69),
SDERRORS (5.28), TPPROD (4.95), and SDDT
(4.87). Nine out of 10 of these variables are
measures of correctresponding. Eight of the
10 measures with the lowest ¢ values are
measures concerned with latency or speed.
Itappears that correct response measures are
the most sensitive 1o individual differences
in inteflectual ability.

Of greater theoretical interest are the
kinds of processes measured by the param-
cters showing the largest differences. The
top seven parameters come from tasks of
memory or learning. The other three come
from tasks measuring perceptual discrimina-
tion. Obviously, these very simple tasks are
capable of detecting substantial differences
between intelligence groups.

Principal Component Analysis

One possible explanation for the obser-
vation that basic cognitive tasks predict stan-
dard intelligence measures is that both con-
tain a single, common source of varance,
often called general intelligence, or g A
common method for estimating the amount
of g-loadedness of a battery of tests is to
determine the proportion of variance ac-
counted for by the unrotated first principal
component. In a typical battery of intelli-
gence tests (or subtests of a single test), the

first principal component typically accounts
for from 60% to 80% of the variance.

In order to estimate the amount of
variance accounted for by the first principal
component, we conducted a principal com-
ponent analysis using the 31 variables listed
in Table 1 on the groups separately and for
both groups combined. The correlations upon
which the analyses for the whole sample are
basedare shown in Table 10, which includes
both corrected and uncorrected correlations,
The unrotated first principal component ac-
counted for 19%, 36%, and 48% of the
variance for college students, subjects with
mental retardation, and both groups com-
bined, respectively. None of these values fall
within the range typically obtained for prin-
cipal components analysis of baueries of
intelligence tests.

The most direct interpretation of this
finding is that parameters from this battery of
basic cognitive tests have much lower
intercorrelations than do intelligence tests
with each other or subtests within a test
(Detterman & Daniel, 1989). Because the
parameters from the basic cognitive tests
combine to predict as much variance as is
accounted for by the correlation between
intelligence tests, it cannotbe the case thatall
of the parameters contain g but simply have
less of it. If all of the basic cognitive tasks
were measuring the same thing, they would
not combine to predict as much variance as
they do. Therefore, it seems reasonable to
conclude that the parameters obtained from
the basic cognitive tasks used here account
for different sources of variance. Thus, both
the multiple correlations of the basic param-
eters with intelligence and the low amounts
of variance accounted for by the unrotated
first principal component argue for these
parameters as being measures of at least
partially independent sources of variance.

Prediction of IQ by Basic Tasks

In order to determine to what extent 1Q
was predictable from basic cognitive tasks,
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Table 10

correlation Matrix for 31 Basic Variables and WAIS-R Full-Scale 1Q

Variable LRTRIAL LRTIME LRBIAS RLTRIAL RLTIME RALBIAS
LATRIAL 1.00 -0.28 0.37 0.78 -0.05 0.29
LRTIME -0.39 1.00 -0.22 -0.25 053 -0.19
LRBIAS 0.55 -0.32 1.00 0.37 -0.13 092
ALTRIAL 0.88 -0.37 055 1.00 -0.10 0.41
ALTIME -0.20 0.56 -0.22 -0.23 1.00 -0.15
ALBIAS 0.49 -0.29 0.94 057 -0.24 1.00
RTMEAN 0.47 -0.33 045 047 -0.24 0.41
ATYINT 0.48 -0.34 049 0.47 -0.23 043
RTSLOPE 0.01 -0.01 ~0.09 0.11 -0.15 ~0.00
RTSD 0.36 -0.32 032 0.40 ~0.29 030
RTERRORS 0.28 0.01 051 0.29 -0.09 052
PRERROR 0.71 -0.29 0.47 068 -0.20 0.44
PRBIAS 0.80 -0.33 0.66 0.82 -0.24 0.73
PRSM 0.68 -0.30 0.44 0.65 -0.24 0.38
PRPM 061 -0.25 061 0.58 ~0.13 0.60
STDPM 0.62 -0.45 048 0.66 -0.30 0.49
STDPS ~0.50 0.47 -0.61 -0.56 0.44 —0.62
STDPI 056 -0.48 058 062 -0.40 059
STDAI 0.60 -0.29 0.19 0.65 -0.09 0.24
STEP 0.66 -0.37 0.76 068 -0.40 0.77
STEA 073 -0.39 0.42 0.79 ~0.17 0.49
SPERROR 0.81 -0.28 0.44 '0.72 -0.19 0.42
SPDTANS -0.48 0.27 -0 24 -0.44 0.17 -0.27
SPDTALL -0.33 0.11 -0 30 -0.22 0.18 -0.27
SPSDALL -0.20 0.00 -0.23 -0.11 0.08 -0.19
SDDT 065 -0.36 0.80 070 -0.28 0.78
SOMT 042 -036 0.35 0.40 ~0.14 0.27
SDERROR 0.60 -0.35 0.62 0.63 -0.29 065
TFMEAN 063 -0.43 053 0.71 -0.12 059
TFMED 055 -0.29 037 0.61 -0.02 0.43
TPPROP -0.59 0.44 -0.37 -058 037 -0.37
1QFULL -0.85 0.36 -0.56 -0.84 0.29 —0.55
RTMEAN RTYINT RTSLOPE RTSD RTERRORS PRERROR
LATRIAL 0.30 0.32 -0.03 0.23 022 050
LRTIME -0.25 -0.26 0.00 -0.26 0.06 -0.15
LRBIAS 0.34 0.38 -0.12 0.22 049 0.27
ALTRIAL 0.31 0.30 0.11 0.29 0.23 0.45
ALTIME -0.17 -0.15 -0.14 -0.23 -0.05 -0.07
RLBIAS 0.29 0.31 -0.02 0.20 0.49 024
RTMEAN 1.00 0.98 0.30 092 0.06 0.31
RTYINT 0.99 1.00 0.12 0.87 0.04 0.30
RTSLOPE 0.29 0.13 1.00 0.48 0.14 0.1
RTSD 093 0.88 047 1.00 0.07 0.15
RTERRORS 0.12 0.10 0.14 0.12 1.00 0.09
PRERROR 0.46 0.46 0.11 030 0.18 1.00
PRBIAS 0.43 0.42 0.11 0.34 0.40 067
PRSM 0.41 0.40 0.11 0.28 0.25 0.94
PRPM 054 054 0.11 033 0.04 0.80
STDPM 0.86 0.84 0.33 0.81 012 0.56
STDPS -0.87 -0.86 -0.19 -0.80 -0.18 -0.44
STDPI 0.89 0.88 0.25 0.83 0.16 0.50
STDAI 0.55 0.52 0.30 053 0.12 0.54
STEP 0.69 0.68 0.20 0.62 0.54 0.54
STEA 0.28 0.26 0.14 0.23 0.12 055
SPERROR 0.45 0.46 -0.00 0.30 018 0.86
SPDTANS 0.01 -0.04 0.31 0.12 -0.02 -0.40
SPDTALL -0.25 -0.26 -0.01 -0.16 -0.08 -0.30
SPSDALL -0.16 -0.17 0.05 -0.04 -0.14 -0.27
SoDT 063 067 -0.11 0.48 0.30 0.60
SOMT 081 0.82 011 0.73 -0.03 0.41
SDERROR 045 050 -0.15 0.31 0.21 0.60
TFMEAN 054 055 0.03 0.42 0.03 0.58
TFMED 033 0.33 0.06 0.24 0.00 0.51
TPPROP -0.36 -0.35 -0.15 -0.36 -0.17 -0.41
1QFULL -0.47 -0.48 -0.05 -0.36 -0.22 -0.78

(continued on next page)
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Table 10 (continued) Table 10 (continued)

Variable PRBIAS PRSM PRPM STDPM STOPS STDP) Variable SPSDALL sooT SDMT SDERROR TFMEAN TFMED
LRTRIAL 0.65 047 0.37 0.43 -0.32 037 LRTRIAL -0.14 0.43 0.26 0.34 0.41 034
LRTIME -0.20 -0.17 -0.11 -0.36 0.40 -0.40 LRTIME -0.04 -0.25 -0.29 -0.24 -0.34 ~0.18
LRBIAS 054 024 0.48 0.32 -0.52 0.46 LRBIAS -0.19 0.74 023 0.49 0.38 0.18
ALTRIAL 0.68 042 0.32 050 -0.41 0.46 RLTRIAL -0.02 051 0.24 0.39 054 0.43
RITIME -0.12 -0.13 -0.00 -0.22 0.39 -0.34 RLTIME 0.04 -0.19 -0.07 ~0.20 0.01 0.1
RLBIAS 0.64 0.16 0.47 034 -0.53 0.48 RLBIAS -0.14 0.72 013 053 0.46 027
RTMEAN 0.26 0.24 0.43 084 -0.84 087 RTMEAN -0.11 0.55 078 031 0.43 0.17
RTYINT 025 0.23 0.43 0.81 -0.84 0.86 RTYINT -0.12 0.60 0.79 0.36 0.44 0.17
RTSLOPE 0.1 0.10 0.10 0.36 -019 0.26 RTSLOPE 0.05 -0.17 0.11 -0.22 0.00 0.05
RTSD 0.22 0.14 0.21 0.80 -078 0.82 RTSD 0.00 0.40 0.70 0.19 0.32 0.12
RTERRAORS 0.38 018 -0.08 0.03 -0.12 0.09 RTERRORS -0.12 0.25 -0.10 0.14 -0.08 -0.10
PRERROR 0.46 091 0.70 0.36 -0.25 030 PRERROR -0.23 0.38 0.26 0.38 0.35 0.30
PRBIAS 1.00 0.45 0.41 0.36 -0.35 0.37 PRBIAS -0.11 0.47 0.16 0.38 054 0.49
PRSM 1.00 0.45 0.29 -0.19 0.23 PRSM -0.26 0.24 0.19 0.27 0.20 0.15
PRPM 063 1.00 0.48 -0.42 0.46 PRPM -0.11 059 0.37 0.49 0.49 0.35
STDPM 050 063 1.00 -0.84 093 STDPM 0.03 0.62 075 053 057 0.36
STDPS -0.39 -0.55 -0.87 1.00 -0.98 STDPS 0.02 -0.71 -0.62 -0.54 -0.43 -0.16
STDPI 0.44 0.60 0.95 -0.98 1.00 STDPI 0.00 0.70 0.69 056 0.50 0.24
0.48 0.47 075 -0.50 061 STDA! 0.09 0.32 0.32 0.39 0.45 0.30
051 0.56 073 -0.79 0.79 STEP -0.21 0.68 0.32 0.46 0.39 019
0.48 056 061 -0.43 051 STEA 0.08 0.39 0.25 0.40 0.67 067
SPERROR 0.82 071 056 -0.44 050 SPERROR -0.22 034 0.24 0.39 030 0.25
PDTANS -0.42 -0.32 -0.14 0.07 -0.10 SPDTANS 0.18 -0.02 007 -0.19 ~0.13 012
SODTALL -0.31 -0.25 -0.14 017 -0.17 SPDTALL 068 0.06 0.00 0.14 -0.09 -0 06
SPSDALL -0.30 -0.17 -0.05 0.08 -0.07 SPSDALL 1.00 0.01 0.06 0.05 ~0.01 _0.02
S0DT 0.49 072 073 -0.77 078 sbDT -0.08 1.00 0.45 0.84 0.51 0.23
SOMT 035 0.48 078 -0.68 074 SDMT 0.01 0.55 1.00 0.27 052 0.39
SOERRAOR 052 0.66 067 -0.65 0.68 SDERROR -0.05 0.89 0.42 1.00 0.37 017
TFMEAN 0.46 0.65 0.69 -0.56 0.63 TFMEAN -0.09 0.66 0.60 057 1,00 0.90
TFMED 040 053 052 -0.33 0.42 TFMED -0.09 0.44 0.49 0.41 093 1.00
TPPROP -0.39 -0.40 -0.40 035 -0.38 TPPROP 0.15 -0.45 -0.28 -0.37 -0.40 -0.35
1QF ULL -0.72 -0.69 -0.63 052 -0.58 IQFULL 0.18 -0.70 -0.44 -0.72 -0.68 ~0.61
STEP STEA SPERROR SPDTANS SPDTALL TPPROP IQFULL
LRTRIAL 0.49 058 0.62 -0.24 -0.20 LRTRIAL -0.39 -0.69
LATIME -0.27 -0.29 -0.12 0.16 0.03 LRTIME 0.35 0.22
LRBIAS 0.69 0.22 0.19 -0.03 -0.20 LRBIAS -0.19 -0.37
RLTRIAL 051 067 0.47 -0.18 -0.04 RLTRIAL -0.38 -0.68
RLTIME -0.34 -005 -0.03 0.07 0.12 RLTIME 0.30 0.18
RLBIAS 071 033 017 -0.07 -0.17 RLBIAS -0.19 -0.36
RTMEAN 062 009 0.27 0.23 -0.16 RTMEAN -0.21 -0.30
RTYINT 060 006 0.29 0.18 -0.17 RTYINT -0.19 -0.31
RTSLOPE 0.32 0.21 014 -0.05 0.37 -0.00 RTSLOPE -0.15 -0.03
RTSD 047 058 008 0.15 0.31 -0.08 RTSD -0.26 -0.22
RTERRORS } 054 002 007 0.08 -0.03 RTERRORS -0.10 -0.13
PRERROR 032 032 075 -0.15 -0.17 PRERROR -0.16 -0.59
PRBIAS 0.59 061 0.49 -0.24 -0.16 PRBIAS -0.31 -0.60
PRSM 029 0.23 070 -0.19 -0.19 PRSM -0.15 -0.52
PRPM 038 0.36 054 -0.07 -0.12 PRPM -0.18 -0.49
STOPM 0.62 0.46 0.32 014 -0.00 STDPM -0.20 -0.43
STDPS - -0.74 -0.26 -0.22 -0.17 0.06 STDPS 0.18 0.34
STOPI 073 0.34 0.27 0.16 -0.04 STDP! -0.20 -0.39
STDAI 0.25 0.48 0.31 -0.02 0.09 STDAI -0.14 -0.42
STEP 1.00 0.30 0.34 013 -0.22 STEP -0.27 —-0.45
STEA 051 1.00 0.34 -0.18 0.15 STEA -0.19 -0.48
SPERROR 054 058 0.59 1.00 -0.45 -0.30 SPERROR -0.31 -0.73
SPOTANS -0.25 0.15 -0.40 -0.62 1.00 043 SPDTANS 0.19 0.39
SPDTALL -0.06 ~033 -0.03 -0.40 0.49 1.00 SPDTALL 0.05 0.21
SPSDALL -0.00 -0.26 -0.02 -0.26 0.23 n.68 SPSDALL 0.09 0.11
SDDT 051 078 058 060 -029 -0.11 SooT -0.24 -0.50
SDMT 0.44 0.44 0.39 041 -0.11 -0.10 SDMT -0.13 -0.28
SDERROR 057 0.63 059 064 -0.42 -0.05 SDERROR -0.12 -0.52
TFMEAN 0.60 057 077 057 -0.36 -0.22 TEMEAN -0.18 -0.48
TFMED 0.47 040 076 050 -0.33 -0.18 TFMED -0.15 -0.41
TPPROP -0.35 ~-0.46 -0.41 -0.54 0.38 0.18 TPPROP 1.00 0.41
IQFULL ~062 -0.65 -0.68 -0.87 059 0.34 1QFULL 0.61 1.00
(continued on next pags) Note: Correlations in the upper triangular portion of the matrix are corrected for extended range due to selection by 1Q.
_
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we selected nine variables and used them in
a multiple regression analysis. To obtain the
nine variables, we selected one variable from
cach task as the most theoretically significant
(in the first author’s judgment). The nine
variables used were: SDDT, SPDTALL,
PRERROR, LRTRIAL, RLBIAS, STDPM,
TFMEAN, TPPROP, and RTMEAN. All vari-
ables were then entered into a multiple
regression equation (SPSS Enter procedure).

For the combined groups, the multiple
correlation was R = .92 (shrunken R = .89),
which was statistically significantly different
than zero, K9, 30) = 17.15, p < .01. For the
mentally retarded group alone, the multiple
correlation was R= .91, H9,10) = 5.01, p<
.01, shrunken R = .60. For the college stu-
dents alone, the multiple correlation was R=
.76. shrunken R = 44,

Other methods for obtaining multiple
correlations produced essentially identical
results. Within-group multiple correlations
for college students were always lower than
for the mentally retarded group. The mul-
tiple correlation for the combined groups
ranged between approximately .75 and .92.

Because the mentally retarded and
college student groups had a restricted range
and the combined group had an extended
range, we assumed that the population value
for the multiple correlation would lie some-
where between the two extremes. The aver-
age shrunken R for the two groups sepa-
rately was .55 (.44 + .66/2). The shrunken R
for both groups combined was .89. There-
fore, we estimated that in a random sample
from the general population, the obtained
multiple correlation would be .72 (.55 + .89/
2). Because intelligence tests correlate with
each other in the range of .70 to .80, this
result suggests that basic cognitive tests cor-
relate with an intelligence test as well as
differentintelligencetests correlate with each
other. What this means is that the basic
cognitive tests contained in this battery con-
tain the same common sources of variance as
are shared by different intelligence tests.
There is no doubt that if the processes taking
place in these basic cognitive tasks were
understood, we also would understand intel-
ligence.

Detailed Multiple Regression Analysis—
The Modal Model

A major goal of this research was to test
the modal model presented in Figure 1 to
determine whether it is an adequate repre-
sentation of individual differences. The most
parsimonious result would be to find that
one part of the system is severely impaired in
comparison to all other parts. However,
nearly every basic cognitive parameter dem-
onstrated differences between subjects with
mental retardation and college students. The
deficits were so pervasive and ubiquitous
that it is not possible to localize a deficit to
a single process. However, the finding that
mental retardation is not reflected by a single
deficitin the parameters measured here does
not invalidate the modal model.

For the modal model to be a val
representation of individual differences, cach
portion of the model should account for a
unique source of variance notaccounted for
by other parts of the model. Ideally, the way
to determine the appropriateness of this
model would be to use LISREL (or some
other model fitting program) to test the
operationalization of the model given in
Table 2. [Towever, the number of subjects is
too small for LISREL model fitting and, more
importantly, LISREL is sensitive to violations
of normality. The alternative adopted was to
use hierarchical multiple regression to test
whether various components of the model
added statistically significant amounts of
variance to earlier portions of the model.
Multiple regression has the added advantage
of being unaffected by restrictions or exten-
sions in range. (Although the size of the
multiple Rwill change, the regression coef-
ficients and significance of change will be
unaffected by range changes. All of the
following regression analyses were done
with correlation matrices corrected for ex-
tended range and results lead to identical
conclusions. Results reported are for
uncorrected correlations

For each portion of the modal model
shown in Table 2, a composite was formed
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of the variableslisted to represent that part of
the model. For example, the composite tor
very short-term memory was composed of
the sum of TPPROP, TFMEAN, and TFMED.
Before combining variables, we convertel
each of the 31 variables to a zscore on the
basis of the mean and SD for all 40 subjects.
variables having a negative correlation with
lI-Scale 1Q were then reflected (multiplied
by -1) so that all variables had positive
correlations with 1Q. This resulted in 10
composites representing cach part of the
modal model: very short-term memory, pri-
mary memory, secondary memory, tertiary
memory, rehearsal, executive functioning,
retrieval, coding, efficiency, output, as listed
in Table 2. There were two reasons for using
these composites. First, because the COMPOS-
ites were formed a priori, they offer a strong,
conservative test of the appropriateness of
pans of the model. Second, the formation of
composites reduces the number of variables
to an appropriate range for the number of
subjects available while taking advantage of
all of the data.

The 10 composites were used in a serics
of licrarchical multiple regression analyses.
In doing these analyses, it became clear that
rehearsal and secondary memory accounted
forverylittle unique variance. Inall analyses,
rehearsal was entered with executive func-
tioning and secondary memory was entered
with tertiary memory. This simpler form of
the model implies that rehearsal is under
control of executive functioning and that
secondary memory and tertiary memory re-
ally constitute a single store. In addition,
retricval, stimulus coding, and output were
considered low level, pervasive processes
that affected nearly all parts of the system
and were, a priori, entered as a block. When
entered first in the order output, retrieval,
and stimulus coding, these variables ac-
counted for 20%, 23%, and 13% of the total
variance in 1Q, respectively. However, when
stimulus coding was entered first, it ac-
counted for all (56%) of the variance and
output and retrieval accounted for none.
Because it is impossible to test stimulus

coding without including retrieval and out-
put processes, it seemed reasonable that
stimulus coding should account lor the vari-
ance in retricval and output.

An important consideration in hierar-
chical regression is the order of variable
entry. The following rules were used to enter
variables beecause tliey seemed most consis-
tent with the intent of the modal model. First,
stimulus control processes (stimulus coding
and retrieval and output), which affected all
other processes, were entered. This proce-
dure makes the conservative assumption
that the stimulus control processes should he
assigned the common variance among all
processes. Second, variables occurring ear-
lier in time were entered nextin clironologi-
cal order (i.e, very short-term memory, U:‘
mary memory,secondary memory, and tertiary
memory, in that orden). Finally, models built
from the bottom up which entered bhasic
processes before more global processes (ex-
ecutive functioning and rehearsal and effi-
ciency) were contrasted with top-down
models that entered more global processes
first because there seemed no obvious way
to decide between the two alternatives.

Summary results for three separate analy-
ses are shown in Table 11. The first is the
bottom-up model that enters the basic pro-
cess of very short-term memory, primary
memory, secondary memory, and tertiary
memory before more global processes. As
can be seen, in this approach executive
functioning and rehearsal and efficiency ac-
counted for none of the predicted variance in
1Q. However, each of the other components
accounted fora significant portion of unique
variance, suggesting that each of these com-
ponents deserve their status as a separate
process.

The second analysis regards efficien cy
as a general characteristic of the system and
reflects an orientation similar to that ex-
pressed by Eysenck (1982). According to
Eysenck, mental speed is a major index of
mental efficiency. Because efficiency con-
sists of RT parameters, it should index effi-
ciency as defined by Eysenck. According to
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Table 11
Multiple Regression Tests of Individual
Ditferences In the Modal Model

Variable R? R? change F
Bottom up
RET+CODE+OQOUT 56 14.98*
VST™M 70 14 16.45*
PM .80 10 17.72*
SM+TM .85 .05 577*
EXEC+REH .85 .00 .01
EFF .86 .002 32
Partial top-down
EFF 19 8.89"
RET+CODE+0OUT .56 37 9.62*
VSTM .70 14 16.11°
PM .81 1 17.93*
SM+TM .86 .05 538
EXEC+REH 86 .00 051
Full top-down
EFF 19 — 8.89*
RET+CODE+OUT 56 .37 9.62°
EXEC+REH Al 15 9.21*
VSTM 74 .03 3.41*
PM 81 .07 10.67*
SM+TM .86 .05 4.75°

Note. See Table 2 far explanations of abbreviations.
‘p < .05. "p < .10

Eysenck's position, efficiency should ac-
count for a substantial portion of the vari-
ance if entered first. The factis that efficiency
only accounted for a significant amount of
variance when entered first, as shown in the
partial top-down case of Table 11, and even
then it accounted for only 19% of the total
variance in 1Q. This analysis suggeststhat the
variance attributable to efficiency can be
accounted for by stimulus control processes
(stimulus coding and retrieval and output)
and is not the only factor accounting for
intellectual differences.

The full top-down analysis of Table 11
enters executive functioning processes be-
fore the basic processes of very short-term
memory, primary memory, secondary
memory, and tertiary memory. As can be
seen, executive functioning and rehearsal
accounted for 15% of the total variance in 1Q.
By comparing the bottom-up analysis to the
full top-down analysis, itis possible to deter-
mine where the variance accounted for by
executive functioning and rehearsal in the
latter model comes from in the former. Very
short-term memory accounted for 14% in the

bottom-up but only 3% in the top-down
analysis, and primary memory accounted for
10% in the bottom-up and 7% in the top-
down analysis. Evidently, exccutive func-
tioning and rehearsal operates on the earliest
processes of very short-term memory and
primary memory and appears unrelated to
seccondary memory and tertiary memory,
suggesting that long-term memory is less
strategy-driven than is short-term memory.
(Alternatively, it could mean thatthereare no
cffective variables in the battery that repre-
sent strategy in long-term memory.)

Each of these models accounted for
86% of the variance in Full-Scale 1Q) because
they all use the same set of variables. Which
is best? From a purely parsimonious point of
view, the hottom-up model is best because it
accounts for the same amount of variance
with fewer variables. It also suggests that
more global processes, such as executive
functioning and rehicarsal, are derivative of
differences in more basic processes. Even
though the bottom-up model is most parsi-
monious, the top-down model seems prefer-
able because it better characterizes the actual
state of affairs as reflected by research find-
ings with persons who have mental retarda-
tion. A large portion of the variance in
memory performance is certainly due to
differences in strategy. When strategies are
reduced or eliminated, individual differences
are reduced (Clark & Detterman, 1981). To
lump strategic behavior in with very short-
term memory and primary memory does not
represent a large body of research findings
concerning strategic behavior. The revised
modal model is shown in Figure 2. In this
model short-term memory replaces primary
memory and long-term memory replaces
secondary memory and tertiary memory.
Efficiency is included with stimulus coding,
and the exccutive functioning of the revised
modclis equivalentto executive functioning
and reliearsal.

What do the previous analyses reveal
about the modal model and individual differ-
ences? Obviously, the outcome of hierarchi-
cal regression analysis is highly dependent
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Figure 2. Revised modal model.

on the order in which variables are entered.
Further, the way in which the composite
variables were constructed and how parts of
the system were defined also have an impor-
tant impact on the outcome of these analy-
ses. Despite these qualifications, there are
conclusions that can be drawn that are con-
sistent with other findings presented earlier.
First, it is clear that no single process can
account entirely for individual differences in
intelligence. Each of the components used in
these analyses made an independent contri-
bution to explaining IQ. This could not occur
if differences resulted from a single deficient
process. Second, basic processes such as
memory, encoding, and retrieval are impor-
tant in explaining intelligence. These basic
processes accounted for more of the vari-
ance than did more global processes. Theo-
retically, this suggests that differences in
more global processes are actually the result
of differences in the more basic processes.
Finally, the results support a slightly modi-
fied version of the modal model as being a
not unreasonable framework for represent-
ing individual differences in intellectual func-

@x |- OUTPUT

tioning. It should be possible to test this
model using more sophisticated methods
such as LISREL in future research. What has
not been explained by these analyses is
exactly how differences in intellectual ability
arise. That will require greater sophistication
in measurement than so far obtained.

Discriminant Analysis

As validation of the analysis described
previously, the composite scores were en-
tered into a discriminant analysis to deter-
mine whether measures from basic cognitive
tasks could predict group membership. Not
surprisingly, using the discriminant function,
we were able to classify every case correctly,
and the resulting classification was highly
significant, x3(10) = 60.00, p < .001. More
interesting is the size of the within-groups
pooled correlation of each variable with the
discriminant function that gives an idea of
the importance of each variable. The corre-
lations were: primary memory, .66; tertiary
memory, .01; executive functioning, .48; very
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short-term memory, 41, stimulus coding,
38, secondary memory, 30, retrieval, 31,
efficiency, .19, output, .19; and rchearsal,
17. Asin the hierarchical regression analysis,
the basic memory processes seem 1o be most
closely associated with individual differences.
When the composites were entered into a
hierarchical regression analysis from the
smallest to largest in the previous list, each
composite, except for executive functioning,
accounted for a significant amount of vari-
ance.

Other Differences Between Groups

Even a cursory inspection of Tables 3
through 11 shows that participants witls
mental retardation performed more variably
than did college students. Frequently, the SD
of a measure of participants with mental
retardation was 4 1o 5 times larger. In a very
general way, this is consistent with Detter-
man’s (1987) suggestion that subjects with
mental retardation have different arrays of
deficits, depending on the cause of their
mental retardation.

Another difference is that correlations
of ourmeasures with intelligence were often
higher for participants with mental retarda-
tion than for college students. The average
absolute value of the correlation coefficient
for each of the 31 basic parameters with
intelligence was 15,40, and .56 for college
student, mentally retarded, and combined
groups, respectively, suggesting that the re-
lation between intelligence and basic cogni-
tive abilities is not uniform across the full
range of ability. This finding has been con-
firmed by Detterman and Daniel (1989) in
the WISC-Rand WAIS-R standardization data.
The subtests of cach of these tests correlate
with each other about twice as high for low-
1Q subjects as for high-1Q subjects.

The average correlation of basic cogni-
tive parameters with intelligence for college
,J,:,:_w:.w was .28 after correction for attenu-
ation. It is interesting that when Sternberg
and Salter (1982) discussed the 30 barrier for

the correlation hetween basic cognitive task
parameters and intelligence, their argument
was based on studies done almost entirely
with college students. The results obtained
here suggest that if the full range of ability is
employed, the average obtained correlation
between intelligence and cognitive ability
willbe .37, which roughly confirms Sternberg
and Salter’s observation. The important point
is that research on intelligence that does not
include persons with mental retardation pre-
sents a restricted picture of correlations in
the population. For the purpose of generali-
zation alone, future studics of individual
differences in cognition should include a
wider range of 1Q and MA than has tradition-
ally heen used.

Prediction of IQ by Basic Tasks

In order to determine to what extent 1Q
was predictable from basic cognitive tasks,
we sclected nine variables and used thentin
a multiple regression analysis. To obtain the
nine variables, we selected one variable from
each task as the most theoretically signifi-
cant. Each variable was selected because it
was, in our judgment, the major variable of
concern in previous research on the task
under consideration. The nine variables used
were: SDDT, SPDTALL, PRERROR, LRTRIAL,
RLBIAS, STDPM, TEMEAN, TPPROP, and
RTMEAN. All variables were then entered
into a multiple regression equation (SPSS
Enter procedure).

For the combined groups, the multiple
correlation was R = 92 (shrunken K= .89),
which was statistically significantly different
than zero, F(9, 30) = 17.15, p < .0D. For the
mentally retarded group alone, the multiple
corrclation was R= 91, 19, 10) = 5.01, p<
01, shrunken R = .060. For the college stu-
dentsalone, the multiple correlation was R=
76, F(9,10) = 1.48 p< .05, shrunken R= 44,
Other methods for obtaining multiple corre-
lations produced essentially identical results.
The multiple correlation for college students
was always lower than that for the mentally
retarded group. The multiple correlation for
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the combined groups ranged between ap-
proximately .75 and .92.

Because the mentally retarded and col-
lege student groups had a restricted range
and the combined group had an extended
range, we assume that the population value
for the multiple correlation lies somewhere
between the two values. As a very crude
indicator of what the multiple R might be in
the full sample, the average of the two
groups was taken. The average shrunken &
computed for the two groups separately was
.55 (.44 + .061/2). The shrunken K for both
groups combined was .89. Therefore, we
estimated that in a random sample from the
general population, the obtained multiple
correlation would be .72 (1.55 + .891/2).
Because intelligencetests correlate with each
other in the range of .70 to .80, this result
suggests that basic cognitive tests correlate
with an intelligence test as well as different
intelligence tests correlate with each other.
The basic cognitive tests included in this
battery contain the same common sources of
variance as are shared by different intelli-
gence tests.

A strong word of caution is required at
this point. Some would argue that multiple
regression should never be conducted on a
sample of 40 subjects when there are 30
possible variables that could be used in the
regression equation. As the number of vari-
ables approaches the number of subjects, a
perfect multiple correlation is expected.
However, we reduced the number of mea-
suresto a theoretically important measure. In
addition, the data for each measure are
highly reliable. Nevertheless, the only way to
be certain about these results is to replicate
them in larger samples.

Another point concerning these mul-
tiple regression analyses needs to be made.
We selected measures because they have
been viewed by previous researchers as
important, but more explicit process models
are needed for each of the tasks used here.
Further, lacking some more specific models,
it is impossible to judge which measures
should account for variance common to the

tasks. Development of suchi models could be
speeded by simultaneous study of several
tasks at once,

Principal Component Analysis

One possible explanation for the obser-
vation that basic cognitive tasks predict stan-
dard intelligence measures is that both con-
tain a single, common source of variance,
namely, general intelligence or g. A common
estimate of g is the amount of variance
accounted forby the unrotated first principal
component. In a typical battery of inteli-
gence tests (or subtests of a single tesy), the
first principal component typically accounts
for from 60% to 80% of the variance.

In order to estimate the amount of
variance accounted for by the first principal
component, we conducted a principal com-
ponent analysis using the 31 variables listed
in Table 1 on the mentally retarded and
college student groups separately and for
both groups combined. The unrotated first
principal component accounted for 19%,
30%, and 48% of the variance for college
student, mentally retarded, and both groups
combined, respectively. None of these val-
ues fall within the range typically obtained
for principal components analysis of batter-
ies of intelligence tests.

The most direct interpretation of this
finding is that parameters from this battery of
basic cognitive tests have lower inter-
correlations than do intelligence tests or
subtests. Because the parameters from the
basic cognitive tests combine to predict as
much variance as is accounted for by the
correlation between intelligence tests, it can-
not be the case that all of the paramcters
contain g but simply have less of it. If all of
the basic cognitive tasks were measuring the
same thing, they would not combine to
predict as much variance as they do. There-
fore, it seems reasonable to conclude that
our basic cognitive measures account for
different sources of variance. Thus, both the
multiple correlations of the basic parameters
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with intelligence and the fow amounts of
variance accounted for by the unrotated first
principal component support the contention
that our measures tap least partially indepen-
dent sources of variance.

The Modal Model

A magjor goal of this rescearch was to test
the modal model presented in Figure 1 to
determine whetherit was an M:_?_:M:A. repre-
sentation of individual differences. The most
parsimonious result would be to find that
one partof the system was severely impaired
in comparison to all other parts. This was not
the case. Nearly every basic cognitive param-
cter demonstrated differences between sub-
jects with mental retardation and college
students. The deficits were so pervasive and
ubiquitous that it is not possible, with cur-
rent methods, to localize a deficit to a single
process

Another possibility is that the pattern of
correlations might reveal the source of a
deficit If, for example, correlations of pa-
rameters with intelligence were low for early
parts of the system and high for later parts, it
might be reasoned that later parts of the
system were most important in determining
intellectual deficits. The point at which the
correlations changed from low to high might
be implicated as the major source of intellec-
wal differences. All high correfations later in
the system might be produced by the earlier
single deficient process. Unfortunately, no
such pattern of correlations is discernable.

It would appear that the modal model
presented here is not capable of characteriz-
ing the results obtained. at least in any way
we have considered. Itis, perhaps, unfair to
expect a model that was developed to char-
acterize general principles of information-
processing 1o account for individual differ-
ences. The modet did provide a useful
heuristic for obtaining tasks whose param-
cters were capable of predicting scores on
standardized intelligence tests, but it is less
difficult to sce how the relations among

variables obtained in this rescarch could be
predicted by the modal model. The difficulty
with attempting to verify the modal model,
or any other model, with the data presented
here is that it is fairly obvious that the parts
of the model have complex interrelations,
and those relations are not easy to sort out.
Though itis easy to find measures that reflect
individual differences, it is a much more
demandingtask to specify the relation among
those measures. However, that is what will
be called for, and it will require much more
carcfully specified models than the one pre-
sented here.

What sort of model would be required
to account for these results? The findings
suggest a system composed of independent
parts that have a complex interrelation (see
Detteriman, 1980, 1982, 1986, 1987). The
findings that the unrotated first principal
component accounted for a smaller portion
of the variance than is typical of measures of
intelligence and that the cognitive param-
eters could add together to predict standard
measures of intelligence suggest that the
system is composed of independent parts.
The complex pattern of correlations suggests
that the parts of the system are intricately
intertwined.

The ideal way to determine exactly
what kind of model best represents the data
would be to explicitly fit models to the data
using structural equation modeling such as
thatemployed in LISREL. The problem is that
the sample size is far too small to allow this
approach in the present data set even if the
models existed. However, it is possible to
determine whether a LISREL approach could
be useful in future studies. If all of the
measures from basic cognitive tasks are highly
intercorrelated, then there should be a major
single factor, and this single factor should
account for most of the variance in 1Q. That
is, gencralintelligence and the general factor
from cognitive tasks could be considered the
same thing. On the other hand, if the modal
model or something like it is a more appro-
priate representation of the data, then mul-
tiple factors extracted from the measures of
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the basic cognitive tasks should all contrib-
ute to the prediction of intelligence.

In order to test this, several principal
axis factor analyses with varimax rotations
werc conductedusing from 1010 30 variables
and extracting from 3 1o 7 lactors. Factor
scores saved from these analyses, were then
used in a multiple regression to predict Full-
Scale 1Q In all of the analyses, all factors
produced regression equations that were
significantly diffcrent than zero. Each factor
contributed unique variance to the predic-
ton of 1Q. This finding indicated that basic
cognitive tasks provide measures that are
factorially more distinct than are more com-
plex measures such as subtests of an intelli-
gence test. This means that the general goal
of building a model similar to the modal
model by specifying independent sources of
variation is not an unreasonable one. (The
ideas for these analyses were suggested by
Lloyd Humphreys and Arthur Jensen, per-
sonal communications.)

Beyond this general description it is
not possible to describe what a model ca-
pable of adequately accounting for indi-
vidual differences would be like. The first
task that must be accomplished before the
model can be better specified is to determine
what the independent parts of the model are.
Parameters from the tasks used here account
for as much variance in the WAIS-R as in
other intelligence tests. Therefore, this bat-
tery of tasks must contain all of the major
cognitive abilities that compose intelligence.
Accounting for 1Q with the smallest number
of orthogonal variables would provide the
ideal model.

Thougli this research did not support
the modal model or any particular model as
useful for characierizing individual differ-
ences in intelligence, it did accomplish one
of our original gouals. Our results strongly
support the idea that basic cognitive abilities
are predictive of intellectual functioning.
Despite the small sample size and other
methodological problems, the results ob-
tained are completely and consistently in
agreement with the notion that higher men-

tal processes are significantly dependent on
basic cognitive processes. The only qualifi-
cation to this statement is that the extent of
the relation varies across the ability con-
tinuum. Because the results are based on a
small numberof subjects studied int ensively,
they are, of course, preliminary and should
be interpreted cautiously untit they are rep-
licated with larger samples,

In conclusion, the results support the
idea first suggested by Galton (1883) and
Cattell (1890) that basic cognitive abilities
are predictive of intellectual functioning,
Although the sample size was small and
there were other methodological problems,
the results shows that higher mental pro-
cesses are dependent on basic cognitive
processes. Indeed, itisa striking testimony to
the pervasiveness and magnitude of indi-
vidual differences in intellectual ability that
with only a moderate amount of attention to
reliability, we were able to demonstrate
statistically significant differences on nearly
all of the measures tested with modest sample
sizes.

There are several conclusions that can
be drawn from this research. A number of
these may be controversial, but we believe
the data reported here support them.

L. A program of rescarch in mental
retardation can no longer be based on a
single task if it is to make a theoretical
contribution. Showing that persons with
mental retardation perform poorly on one
cognitive task can tell us little about the
cause of mental retardation. The truth is that
such persons perform poorly on all kinds of
tasks. What is now required is an ¢xplana-
tion of why they perform more poorly on
some than on others. Speculating on the
source of deficits is only useful if there is, or
can be, a prediction about how that particu-
lar deficit will affect other measures of per-
formance. The implication of deficit theories
hasbeen that the demonstrated deficit some-
how caused all other processing deficits, but
how the deficit caused them was seldom, if
ever, exactly specified.

2. There is no doubt that intelligence
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can be accounted for by basic experimental
tasks. The remaining question is just how
basic the basic tasks can be. The correlations
found between tasks in this rescarch sug-
gests that it should be possible to obtain
purer measures of cognitive processes than
were used here: That means that even more
basic tasks than were included in this study
could be used to explain intelligence. A
fundamental, and theoretically important,
question is just how basic the tasks can be
before they no longer explain intelligence.
Some carly theorists (e.g., Galton) suggested
that intelligence was no more than differ-
ences insensory and perceptual discrimina-
ton. Can tasks that are considered primarily
<ensory account foras much intelligence test
variance as the basic cognitive tests used
here? To my knowledge, this question has
never been given a fair test.

3. Performance among mentally retarded
groups does not simply represent perfor-
mance of subjects without mental retarda-
tion with a reduced mean. There are numer-
ousindicators thatthe performance of subjects
with mental retardation is substantially, and
perhaps qualitatively, different from that of
college students. Among those differences
are higher correlations in low-1Q groups,
substantial differences in variance across
groups, and differences in patterns of perlor-
mance on the individual tasks. Given this
wide range of ditferences, it is worth specu-
lating  about  whether a  single
conceptualization can account for perfor-
mance across the full range of intellectual
ability. If the classic experiments of experi-
mental psychology were repeated with sub-
jects who have mental retardation, would the
general Taws still be the same? Given the
results of this rescarch, it would appear
highly unlikely. Any theory of cognitive
functioning will have to account for indi-
vidual differences if it is to be considered
complete. Itmay be the case that the organi-
zation of the mind varies systematically as a
function of intellectual level.

4. The fact that the basic cognitive tasks
used here have relatively low intercorrelations

as compared to standard intelligence tests
suggests that they may be more useful for
assessing the patterns of abilities. Although
this has always been an ambition of the
makers and users of intelligence tests, the
high intercorrelations among subtests made
them practically useless for assessing pat-
terns of ability. Asingle score, the 1Q, was the
only practically uscful information to be had
from such tests.

5. The modal model is a reasonable
representation of individual differences in
intelligence, or at least probably as good as
any other.
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COMMENTARIES ON DETTERMAN ET AL.
]

Is Less Really More? Using
Microlevel Sensory and
Cognitive Measures to Predict
Macrolevel Cognitive
Outcomes

Detterman et al. (1992) have made
more out of less than any other researchers
in 2 long time. In managing to squeeze
cogent results out of the performances of
two groups of subjects whose scores com-
prise restricted ranges of variability, namely,
20 college students and 20 young adults with
mental retardation, these researchers have
provided what is possibly the most overdue
assessment of the nature of mental retarda-
tion since Zigler proposed his two-group
theory (sce Zigler, 1988). In short, they have
suggested that the cognitive performance of
young adults with mental retardation is not
simply quantitatively lowerthan that of adults
without mental retardation, but also qualita-
tively different. 1f they are correct, then the
implications for further research and inter-
vention would be great, indeed.

In support of the claim of qualitative
differences, Detterman and his colleagues
(1992) reported a number of findings, in-
cluding greater variability among adults with
mental retardation and different patterns of
performance on a set of microlevel cognitive
tasks. This should not surprise anyone who
is familiar with individuals in the 1Q range
studied by these investigators, as persons

Preparation of this commentary was sup-
ported by Grants No. SROIHD22839 and
KOAHDOOKOT from the National Institutes of

Stephen J. Cecl
Coraell University

with IQsin the 40s and 50s seem quite unlike
those with 1Qs in the 70s. Surprise or no
surprise, it is nice to have support for what
our experience so amply suggests.

In addition to the just mentioned find-
ings, Detterman et al. (1992) reported a larger
magnitude of g among adults with mental
retardation. It is this last finding that I shall
dwell on because it contains the most star-
tling implications for the larger field of psy-
chometrics as well as for those involved in
screening and intervention.

What does it mean to characterize the
cognitive operations of a group of individu-
alsas being qualitatively different from those
of another group? One thing that we learn
from Dctterman et al.’s analysis is that this
means that young adults with mental retarda-
tion are less differentiated than are college
students; that is, young adults with mental
retardation are the only group who conform
to classical psychometric expectations about
g (though even their first principal compo-
nent is somewhat lower in magnitude than
what is customarily reported to be found
with diverse samples of subjects). Their test
batteries consistently yielded higher magni-
tudes of gthan did college students’ batter-
ies, sometimes two or three times higher.
This means that their test scores are more
tightly intercorrelated, which, in turn, im-
plies that the size of their first principal
component is larger. Although the first prin-
cipal component accounted for only 19% of
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Stephen . Ceci, HHDFS, Cornell University, Ithaca, college students’ test score variance, it ac-
NY 14853. counted for 30% of the variance for adults
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Microlevel Sensory and
Cognitive Measures to Predict
Macrolevel Cognitive
Outcomes

Detterman et al. (1992) have made
more out of less than any other researchers
in a long time. In managing to squeeze
cogent results out of the performances of
two groups of subjects whose scores com-
prise restricted ranges of variability, namely,
20 college students and 20 young adults with
mental retardation, these researchers have
provided what is possibly the most overdue
assessment of the nature of mental retarda-
tion since Zigler proposed his two-group
theory (sce Zigler, 1988). In short, they have
suggested that the cognitive performance of
young adults with mental retardation is not
simply quantitatively lower than that of adults
without mental retardation, but also qualita-
tively different. 1f they are correct, then the
implications for further research and inter-
vention would be great, indeed.

In support of the claim of qualitative
differences, Detterman and his colleagues
(1992) reported a number of findings, in-
cluding greater variability among adults with
mental retardation and different patterns of
performance on a set of microlevel cognitive
tasks. This should not surprise anyone who
is familiar with individuals in the 1Q range
studied by these investigators, as persons
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with IQs in the 40s and 50s seem quite unlike
those with IQs in the 70s. Surprise or no
surprise, it is nice to have support for what
our experience so amply suggests.

In addition to the just mentioned find-
ings, Detterman et al. (1992) reported a larger
magnitude of g among adults with mental
retardation. It is this last finding that I shall
dwell on because it contains the most star-
tling implications for the larger field of psy-
chometrics as well as for those involved in
screening and intervention.

What does it mean to characterize the
cognitive operations of a group of individu-
als as being qualitatively different from those
of another group? One thing that we leamn
from Detterman et al.’s analysis is that this
means that young adults with mental retarda-
tion are less differentiated than are college
students; that is, young adults with mental
retardation are the only group who conform
to classical psychometric expectations about
g (though even their first principal compo-
nent is somewhat lower in magnitude than
what is customarily reported to be found
with diverse samples of subjects). Their test
batteries consistently yielded higher magni-
tudes of gthan did college students’ batter-
ies, sometimes two or three times higher.
This means that their test scores are more
tightly intercorrelated, which, in turn, im-
plies that the size of their first principal
component is larger. Although the first prin-
cipal component accounted for only 19% of
college students’ test score variance, it ac-
counted for 36% of the variance for adults
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with mental retardation. One wonders
whether this finding will add fuel to the
debate over the uselulness of the concept
mental age (MA), because chronologically
younger subjects who do not have mental
retardation are known to exhibit less differ-
entiated performances than do adults with-
ot mental retardation (Sternberg & Powell,
1083).

FFor many years, the assumption among
researchers and policy makers has heen that
saturated tests, of which the intelligence test
i the hest known, are valuable for screening
and diagnosis. Although no one claims that
such tests are perfect predictors of school,
social, or occupational success, they are
better than any alternative predictors that
have been studied (Ceci, 1991). [However,
Detterman et al. (1992) have just thrown a
spanner into this popular wisdom by show-
ing that the magnitude of g when it is
derived from a sample that indudes adults
with low 1Qs, is disproportionately large as
a result of the higher degree of intercor-
relatedness of their lower 1Qs. The implica-
tion of this finding is that when gis derived
solely from subjects in the average and
above-average range of 1Qs, its magnitude
wouldbe farsmaller than what psychometric
researchers usually find when they derive g
from a sample that spans the entire range of
1Qs, a conclusion that Detterman and Daniel
(1989) have supported elsewhere. Certainly,
the college-age subjects in their 1989 study
were considerably more  differentiated in
their performances than could be captured
by the first principal component, a surrogate
for g

In my opinion, this finding implies that
reliance on g based measures for screening
and diagnosis is likely to mislead the tester
into believing those tested were less differ-
entiated than may be the case, at least for
those with average 1o above-average scores
(Ceci, 1990). Just how many individuals will
be mistakenly programmed by educators
and trainers is not clear, perhaps only those
with 1Qs one or more standard deviations
above the mean are as diflerentiated as

Detterman ctal’s (1992) college subjects. Or
perhaps this applies to all individuals with
1Qs above those of subjects with mental
retardation in the Detterman et al. study. Itis
an cempirical question that deserves to he
answered because of its implications for
screening and diagnosis. The implications
for intervention also seem clear. Given the
pervasive deficits of the subjects with mental
retardation, single-approach interventions
may produce better results than would be
the case for the more differentiated higher 1Q
subjects, who would require a more modular
approach thatis aimed at specific aptitudes,
Detterman et al. are to be thanked for open-
ing up this issuc to empirical examination
and debate, and T'would strongly encourage
them to pursue this topic to its ultimate
policy implications.

Performance of the adults with mental
retardation was not simply a miniature ver-
sion of that of adults without mental retarda-
tion; that is, it is not accurate o characterize
their profiles as similar 1o those of adults
without mental retardation but with a lower
mean. A number of variables were predictive
of one group’s performance but not the
other's. For example, the time to decide
which ofa set of stimuliactually appeared on
the screen was predictive of 1Qs of adults
with mental retardation, 7= -70, but not 1Qs
of adults without mental retardation, r=.02.
In general, adults with mental retardation
were more impaired by increases in task
complexity than were those without mental
retardation, and even though motoric pro-
cessing was slower in the retarded group, it
was not as strong a predictor of their slower
performance as were decision-speed mea-
sures. Thus, adults with and without mental
retardation are apparently qualitatively dif-
ferentin theirmodes of processing. But why?

Caveat Lector

The present rescarch needs to be re-
fined, replicated, and extended before it can
be considered scientifically robust, a point
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acknowledged by the authors. Threearcasin
_ﬁ::h:_m: neced of attention are: (a) ,: is
critical that a stratified cross-section of the
population be assessed to avoid over- and
undersampling that is inherent in an ex-
treme-groups design such as the present
one. Extreme groups lead to inflation of not
just the corretations but also the discriminant
function. (b) The basic measures should be
checked o ensure that they are not achiev-
ing their discriminability because of factors
unrelated to the logic of the tasks them-
sclves. For example, on tasks such as the
partial tachistoscopic report, it appears that
adults with mental retardation did notunder-
stand the instructions. If this is true, then
what discriminates them from college stu-
dents on this task may be unrelated to what
this task is presumed to measure. Finally, (¢)
the testing environment needs to be made as
comparable as possible for all groups (e.g.,
crowding college subjects with an experi-
menter in the 1.5 mroom for the same length
of time as was used for adults with mental
retardation. All of these points address the
possibility—indeed the likclihood-—that
many things were going on in these tasks,
notall of which were cognitive and/or being
studied. Group differences in the use of
computers, video games, taking spceded
tests, sitting still for prolonged periods of
time, and confidence may result in differ-
ences hetween the two groups that are only
remotely cognitive. If this assertion is correct,
then this could shed light on the fact that
measures concerned with speed or latency
were the least discriminating between re-
tarded and nonretarded groups, while simple
accuracy measures were the most. Moreover,
although not mandatory for the purposes of
this research, it would be valuable if the
present tasks were contextualized; that is, it
would tell us a lot about the nature of the
group differences as well as subgroup and
individual differences if the tasks were pre-
sented in more settings than only the
disembedded computer displays used here.
Perhaps video games requiring shorter peri-

—_—

ods of attention would be a good candidlate.

A wise person once remarked that noth-
ing is more practical than a good theory or
model. In the future it would be valuable to
test alternatives to the modal model, which
is a sensible first effort, but probably too
coarse 1o describe individual differences in
the flow of information between various
structures. In particular, there is undoubt-
edly greater “borrowing” between early (e.g.,
very short-term memory) and later (e.g.,
tertiary memory) structures than could be
assessced with the present tasks. Itis not only
that the efficiency of the early structures
delimits the efficiency ol the later structures,
butthe reverse seems just as likely, with early
processing beinginfluenced by the nature of
the mental representation.

Finally, the scarch for the germ of intel-
lectual eminence has a long history, parallel-
ing the history of scientific psychology (Ceci,
1900b). We need o resist the temptation,
until more evidence is available, to assume
that intelligence is dependent on basic pro-
cesses, IUis not only difficult to believe that
the sum total of what we regard as “intelli-
gence” is captured by intelligence tests (an
implication of the authors’ conclusion), but
itis hard to imagine that basic perceptual and
sensory measures underpin the totality of
what is measured by intelligence tests, not-
withstanding the .86 hierarchical multiple
regression. Surely, basic processes contrib-
ute only a small partof the variance found on
tasks of analogical reasoning, spatial cogni-
ton, and other abilities. Correcting range-
extended correlations cannot remedy the
problem inherent in the correlations them-
selves—in this instance the possibility that
scores of the subjects with mental retardation
may havereflected the operation of variables
that were not under examination in  this
study. After all, such persons perform more
poorly than do college students on a host of
tasks that have little in common with the
basic cognitive measures employcd here; for
example, they do not tap their fingers to
thythmas well, and they curl their toes more
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slowly in response to foottickling. That they
are delicient on such tasks may or may not
reflect differences in basic cognitive pro-
cesses. This logic appliesto the tasks nsed in
the Detterman etal. (1992) study. Simply put,
it s valuable to understand exactly what
factors are heing tapped by the tasks before
we give in to the temptation of believing that
just hecause performance of individuals with
mental retardation is inferior to that of col-
lege students on certain tasks, it is the result
of the cognitive mechanisms that the tasks
were designed to reflect.

Lest this be taken as a criticism of what
Detterman etal. (1992) have accomplished in
this rescarch, fet me hasten to add what |
have yel to state explicitly: T am most im-
pressed by their journey to make so much
outof solittle. Theirwork should provide the
grist for a rich research program for many
years to come, and one can only hope that
their efforts will he followed by rescarchers
who are as carcful and creative as they are.
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clsewhere (Jensen, in press), the general
factor, g common to all cognitive tasks,
especially psychometric tests of intelligence,
shows a much stronger relation to perfor-
mance on elementary cognitive tasks than do
any other factors in meatal tests. Itis as if the
general factor, g, is a distillate from subjects’
right/wrong responses to a large number of
test items, reflecting only the common ele-
ment among a wide variety of items that
involve disparate bits of knowledge and
specific acquired skills, and this common
clement, or g, is really the speed and effi-
ciency of processing information, that is,
information in the generic sense.
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The data of Detterman et al. (1992) also
strengthen the hypothesis that a number of
independentelementary processes enter into
g(Kranzler & Jensen, 1991). This hypothesis
is the essential condition for Detterman et
al.'s conjecture that persons with mental
retardation have a deficiency in one or more
of the different basic information processes.
However, there is no reason to believe that
the deficiency should occur in one and the
same process for all persons with mental
retardation. Yet Detterman et al. stated: “The
deficits were so pervasive and ubiquitous
that it is not possible to localize a deficit to
asingle process” (p. 270). The authors are, of
course, referring to the mean of their men-
tally retarded group as compared to the
college group. However, there could well be
a large overall mean difference between the
two groups on each of the basic processing
variables even if cach member of the re-
tarded group were deficient in only a single
one of the several processes. One could
never tell by simply looking at means, as-
suming that any one of the relatively inde-
pendent basic processes is a critical constitu-
entforanormallevel of g, critical in the sense
that, for example, any one of the four legs of
a table is critical for its stability. Little if any
attention is paid here to the fact that the
coefficient of variation (CV = standard devia-
tion/mean) of the response latencies on
nearly all of the elementary cognitive tasks is
much larger for the retarded group than for
the college group; that is, on any particular
task, there is very much greater variation
among the persons with mental retardation
than among the college students. This is
precisely what one should expect if only
some, but not all, of the persons in the
retarded group were deficient on any par-
ticular processing measure, whereas none of
the college group were deficient on any of
them. This possibility, which was not really
considered by Detterman et al. (1992), de-
serves closer examination. If no reliable
overlap could be found between the distri-

butions of the (wo groups on any of the
clementary cognitive task variables, it would
suggest that mental retardation in every sub-
ject involves a dcficiency in cach and every
one of the basic cognitive processes mca-
sured in this study.

The issue I especially wish to amplify,
however, concerns the comment by Detter-
man et al. (1992) that the mean differences
between the retarded and college groups are
generally larger (in standard score units) on
variables that measure correct responding
than on variables that measure response
latency or speed. This statement may suggest
to some readers that response variables that
can be scored as right or wrong are in some
way essentially different from variables mea-
sured as response latency, or reaction time
(RT). It is true that variables scored right or
wrong are generally more highly correlated
with g and, hence, are more discriminating
between retarded and nonretarded groups
than are variables measured as RT (or its
reciprocal, specd). However, T would sug-
gest that the two types of variables arc two
aspects of one and the same underlying
continuum of speed and efficiency of infor-
mation-processing. (Efficiency is reflected
by the degree of the person’s trial-to-trial
consistency, or intraindividual variability, in
RTs.)

For a given person, the difficulty G.e.,
probability of incorrect response) of any
particular test item is a function of either one
or a combination of two things: whether or
not the item’s information content is avail-
able in the person’s long-term memory and
the complexity of the item’s information-
processing demands. When variance in item
difficulty due to the content demands is
minimized, as is typically the case for tasks
such as those used by Detterman et al., then
most of the variance in item difficulty will be
due to the complexity of the processing
demands. The greater the complexity, the
more mental manipulations or transforma-
tions of the stimulus input are necessary in
ordertoarrive atthe correctresponse. Hence,
the probability of a correct response is a
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function of (a) speed and efficiency of pro-
cessing and (b) the rate of decay of informa-
tion in working memory (the active aspect of
short-term memory). Arriving at the correct
responscisa race betweena and b, When an
cssential element of information or a trans-
formation of it is lost from working memory
before all of the processing required for a
correct response has been completed, there
is a “breakdown” in processing, and a re-
sponsc error s likely.
That response latency and item diffi-
culty reflect one and the same process is
shown by giving the same testitems o young
children and to university students. In one
study (Jensen, Larson, & Paul, 1988) items of
a semantic verification test were given o
clementary school children (Grade 3) as an
untimed paper-and-penciltest. The test items
were sufficienty complex to elicit both right
and wrong responses, making it possible to
rank order the items in terms of theiraverage
difficulty. The very same items were given to
university students in the form of an RT test;
they were so casy loruniversity students that
there were almost no cerrors, and reliable
individual differences could be measured
only in terms of response latencies. The fact
thattherank order of the university students’

A for Effort, But...

Detterman et al. (1992) represents a
tremendous effort by a major investigator in
the field of mental retardation and his col-
leagues. Through the model presented,
Detterman et al seck (o understand the
information-processing bases of mental re-
tardation Hhey descrve praise for the scope
and ambitiousness of their study. We need

Requests far reprints should he sent to Rob-
ert JoSternberg, Department of Paye
. - sychology, PO
Box 11A, Yale Station, New [Taven, CT ﬂﬂww:‘
7447 ,

mean response latencies is highly similar to
the rank order of the children’s mean errors
on the same set of items means that the
processes that determine item difficulty also
determine response latency. The latencies of
the responses that occur closest to the thresh-
old of a “breakdown” in information-pro-
cessing (i.e., the point at which response
errors are first likely to occur) are the most
highly correlated (negatively) with psycho-
nietric g
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more comprehensive studies such as this one
as opposed to the narrow and sometimes
myopicinvestigations characterizing so much
research in psychology.

Given the energy that went into the
work, it is unfortunate that none of the
conclusions follow from the data. The con-
clusions are not necessarily incorrect, but
they are not justified by the empirical results
that were obtained.

What went wrong? Several things.

1. None of the correlations involving
parameters for the college students versus the
students with mental retardation can be
taken at face value, and most of them are
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uninterpretable. The variances of parameters
in the two groups are severely divergent. |
am not talking about the minor deviations
from homogeneity of variance that often
characterize data and against which statisti-
caltests are generally robust. The differences
here are whopping. For example, in Table 3,
the first comparative table, there are variance
differences (squares of given standard devia-
tions [SIx]) representing factors of S
(LRTRIALD), 360 (LRADJTRL), 3 (LRPERCORR),
94 (LRBIAS), and 590 (LRNULLRESP), to give
an idea of the range. These extraordinary
differences make parametric statistical tests
of no value and vitiate the importance of the
authors' finding that correlations are higher
for the students with mental retardation than
for the college students. These differences
pervade other tasks as well, not just the
learning task of Table 3.

2. Conclusions about the students with
mental retardation and college students com-
bined are also compromised. Researchers are
sometimes criticized for using college-stu-
dent samples because the typical resultant
restriction of range in intelligence levels can
depress correlations. However, at least such
tests are conservative. The normal variance
of the scale used, the Wechsler Adult Intel-
ligence Scale (Full-Scale 1Q), is 225 (15%). In
the population used in this study, the vari-
ance was 050, almost three times the normal
variance. This almost three-fold increase in
variance will of course raise correlations for
the combined sample well beyond normal.

3. None of the conclusions about causes
of mental retardation can be taken at face
value, as the data are uninformative with
regard to stch causes. There are four reasons
why the data are uninformative. First, in
order to draw the conclusion that X and not
Y causes mental retardation, one needs a
pattern of convergent-discriminant validity—
some measures relating to the target phe-
nomenon (in this case, mental retardation),
others not. As the authors honestly admitted,
they obtained no such pattern: They achieved
convergent hut not discriminant validation.
However, when everything relates to the

target phenomenon, one simply cannot say
what does and does not cause the phenom-
enon. Further, the attempts to interpret sizes
of correlations are very hazardous, given the
wide range of variances for the parameter
values. The data are simply not definitive.

Second, the authors are in an uncom-
fortable position, in which “each of [their]
models accounted for 86% of the variance in
Full-Scale 1Q because they all use the same
set of variables” (p. 278). The authors then
ask which model is best. Thisis stranger than
the “strange situation” of developmental psy-
chology. Clearly, there is no good way of
distinguishing the models. The authors noted
that one model is more parsimonious. How-
ever, instead of then choosing this model on
grounds of parsimony (which are weak in
any case), they choose the alternative “be-
cause it better characterizes the actual state
of affairs as reflected by research findings
with persons who have mental retardation”
(p. 278). This disregard of their own data in
favor of prior ideology runs throughout the
paper.

Third, one cannot infer causation from
correlation. There was no causalmodeling in
this article, and hence the various causal
attributions are unwarranted. Readers can-
not conclude that the component differ-
ences cause retardation. There may be some
other causal variable or variables producing
both mental retardation and increased laten-
cies and error rates.

Fourth, correlations may be higher for
the students with mental retardation because
some of them simply did not understand the
task. This lack of comprehension would be
consistent with the extremely high variances
for some of the parameters. If this were true,
an examination of scatter plots (notshown in
the article) would reveal that a few subjects
are accounting for most of the higher corre-
lation, as correlations are very sensitive to
extreme cases.

4. Conclusions from the principal-com-
ponents analysis are dubious. A standard
rule of thumb in principal-components and
factor analysis is that there be 10 times as
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many subjects as variables, This is only a
guideline, and itis frequently violated, but it
gives us a standtard. In this study, principal-
components analysis was done on the entire
sample of 40 subjecs using 31 variables, a
ratio of about 1.3:1. Worse, suchanalysis was
also done forthe separate groups (20 college
students, 20 students with mental retarda-
tion), yielding a ratio of about 0.65:1. This
ss than 1:1 ratio is very unusual. Under
these circumstances, one can interpret the
results only with extreme caution.

Equally important, some of the vari-
ables entered into the principal-components
analysis are experimentally or statistically
independent, which createsartifactual corre-
lations and distorts the factor structure. Con-
sider just one cxample: STDPM (14), the
mean decision time for positive trials, and
STDPS (22), the slope ot decision time by set
size for positive trials. Mean and slope of the
same stimulus set for the same subjects
cannot be independent. In Table 10, the
correlation is given as -.84. The inclusion of
spurious correlations such as this one vitiates
interpretation of results.

Further compromising interpretations
of the principal-components analysis are the
low reliabilities of some of the variables.
Because reliabilities are given only for the
combined samples, the tabulated reliabilities
(Table 3) are probably substantially higher
than for the two groups individually. Some
reliabilities are not given at all; but even for
those given, some are very low (e.g., .19 for
SDDTINT, .04 for SHPOSSLOPE, and .00 for
TPDSCRY, which lowers correlation and thus
produces smaller principal components.

S. The conclusion that cognitive tests
correlate as well with an intelligence test as
intelligence tests correlate with each other is

invalid. This conclusion, which defies hun-
dreds of past studies showing lower correla-
tions of cognitive tests with psychometric
tests than of psychometric tests with them-
sclves, is based on a spurious comparison.
The authors are comparing a multiple corre-
lation based on nine independent variables
to asimple correlation based on onevariable.
It gives a tremendous advantage to the cog-
nitive tests. With enough such tests, one
could probably reach a multiple Rapproach-
ing 1.00, but so what? One cannot compare
a nine-variable multiple R to a one-variable
imple Rand conclude that if they are about
the same, the two kinds of variables are
comparable. Even worse, there were only 40
subjectsin the entire sample, and the starting
number of variables was 30. It is no surprise
that the multiple R was high.

The most informative statement in the
article,ina sense, is “It would appear that the
modal model presented here is not capable
of characterizing the results obtained, at least
in any way we have considered” (Detterman
et al.,, 1992, p. 282). The authors are correct.
Despite their efforts, no conclusions about
the modal model can be drawn from their
data. In fact, though there are many conclu-
sions in this paper, careful analysis reveals
serious flaws. The intentions of the authors
were good, but the study did not live up to
their intentions.
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I thank Ceci (1992), Jensen (1992),
and Sternberg (1992) for their careful reading
of our paper (Detterman, Mayer, Caruso,
lLegree, Conners, & Taylor, 1992). Their
thoughtful comments raised many important
points. Unfortunately, 1 cannot respond in
the detail 1 would like to all of the points
raised. Some deserve a book of their own. |
will touch on points that 1 think need addi-
tional attention or clarification. I will con-
sider the papers alphabetically by author.

Ceci (1992) made several significant
points that 1 endorse. The finding in our
study that the correlation structure differed
from low- to high-1Q subjects has implica-
tions for assessment and intervention, as he
pointed out. It is even more important to
understand why such differences occur.
Understanding correlation differences could
give a clearer understanding of mental retar-
dation and intelligence.

Another point made by Ceci (1992) that
should be emphasized is that persons with

I thank Linda Kim for her helpful comments
on drafts of this paper. Portions of this work were
supported by Grants No. HD07176 and HD15516
from the National Institute of Child Health and
Human Development, Office of Mental Retarda-
tion, the Air Force Office of Scientific Research,
and the Brooks Air Force Base Human Resources
Laboratory, Project Lamp. Requests for reprints
should be sent to Douglas K. Detterman, Depart-
ment of Psychology, Case Western Reserve Uni-
versity, Cleveland, OH 44106.

mental retardation do not behave the same
as college students. There are qualitative
differences between the two groups’ cogni-
tive performance. As Ceci said, itis extremely
important to find out why such differences
exist. However, the differences themselves
are significant. They suggest that mental
retardation is not a general deficit affecting
all cognitive processes. Instead, it appears to
be deficits in a small number of processes as
I previously hypothesized (Detterman, 1982,
1986). This point is discussed in more detail
later.

The point 1 like best of all in Ceci’s
(1992) commentary will probably surprise
him. It is the possibility he raised that many
things are going on in these apparently
simple cognitive tasks. When we began this
study, it was our idea to use simple cognitive
tasks to reduce the many influences often
presentin more complicated tests. Ebbinghaus
had the same idea when he invented non-
sense syllables. Both ideas are wrong be-
cause they are simplistic. Human intelligence
is an integral system. If there is one lesson to
be learned from the present study, it is that
it makes little sense to study parts of a
complex system in isolation. We need to
understand the system as a whole. What we
call “simple cognitive tasks” are not simple.
They involve all the things Ceci mentioned
and more. They reflect the operation of an
integrated system.

Ceci (1992) is also correct in his assess-
ment of the modal model. It may be the best
model currently available, as we concluded.
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However, it is too crude to characterize the
complex interactions that occur. We need
better models. Getting better models re-
ires defining the parts of the system pre-
cisely and understanding how they interact.
This understanding will come [rom studies
investigating several cognitive tasks simulta-
ncously.

I have one point of disagreement with
Ceci (1992). He suggested that we should
resist the temptation to conclude thatintelli-
genee is dependent on basic sensory and
perceptual processes. He is correct thatintel-
ligence is not completely dependent on
these basic processes. For those of us who
work with persons who have mental retarda-
tion, though, it is hard to understand that
some people do not believe there is a rela-
tion between the basic processes of the brain
and intelligent behavior. We see what dam-
age to the brain can do to behavior. It is not
clear how much sensory, perceptual, and
other cognitive processes will account for
1Q, for butit will definitely be something. At
least, that is what the results of the present
study suggest. So does my experience with
persons who have mental retardation. How
much such processes account for 1Q is an
important question, and one that may be
easier (o answer than many we ask about
human intelligence.

Jensen’s (1992) comments are almost
entirely consistent with my pointof view. He
made some important points. Perhaps the
most important is the mounting evidence for
the hypothesis (Detterman, 1982, 1986 ) that
gis composed ol a number of independent
processes. Out study supports that hypoth-
esis. Not all measures of cognitive ability
were uniformly depressed in persons with
mental retardation. Il general intelligence
resulted from a single process, all measures
related to 1Q should have been uniformly
depressed.

Kranzler and Jensen’s (1991) results
support the same point. They found that
factors obtained from reaction time (RT)
tasks are notidentical to the factors obtained
from psychometric tasks; gis different for the

RT tasks than for the psychometric tests.
Kranzler and Jensen concluded that g com-
bines a number of independent processes.

Anotherimportant point made by Jensen
(1992) is that sources of cognitive deficit
could be different for persons with mental
retardation due to various causes. 1 have
discussed this possibility elsewhere
(Detterman, 1987). Greater variability would
result from multiple deficits, as Jensen pointed
out. However, there could be other reasons
for the increased varial
behavior of persons with mental retardation.
Increased variability might be associated
with a less efficiently operating system, even
if the system is made inefficient by a single,
universal deficit.

Jensen is also right that simply looking
at means will not show whether different
subjects have different deficits. He suggested
that if there is no overlap between subjects
who have mental retardation and college
students, there is a deficiency inall cognitive
processes measured. That may not be the
case. Jensen's conclusion assumes that each
measure is independent of the others, which
is unlikely. A single deficit in a complex
system could impair the operation of the
entire system.

How will we find the processes display-
ing primary deficits? How will we determine
whetlier low-1Q subjects can be character-
ized by a few deficits common to all subjects?
One way would be to compare persons with
mental retardation in specific diagnostic cat-
egories. For example, do individuals with
Down syndrome show the same pattern of
cognitive deficit as do other persons with
mental retardation? Itis likely that all persons
with Down syndrome will display the same
deficit because their retardation results from
a common cause. It is not clear whether they
will display the same pattern of cognitive
behavior as do persons withi, for example,
Fragile X syndrome.

A second way of getting a clearer idea
of the cognitive processes most affected in
persons with mental retardation is to clarify
the cognitive tasks measuring those pro-
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ty, a hallmark of

cesses. By “clarify,” I mean two things. First,
cognitive tasks must be better understood.
we have only a rudimentary idea of what
happens when a person does, for example,
an R'Ttask. Second, tasks must be developed
that measure the processes we intend them
to measure as purely as possible. Though we
made a real effort to reduce the correlation
between tasks in our study, correlations still
were found. It will not be easy, and may be
impossible, to find measures uncorrelated
with each other. To the extent that correla-
tions between tasks can be reduced, better
measures of mental processes will result.
Uncorrelated tasks will also provide a better
understanding of the function of mental
processcs.

The only point T might disagree with
Jensen (1992) about s that latency and errors
represent two sides of the same coin. He
presented evidence suggesting they are. In
some tasks, though, latency and errors re-
flect different processes. The tachistoscopic
task where subjects decided whether two
stimuli were the same or different is one
example. Response latency has never been
related substantially to intelligence or to the
perceptual threshold being measured. There
are other examples such as this (see later
additional discussion). Whether response
latency and errors reflect the same processes
seems to me to be an open question. The
answer may be dilferent for each task.

Sternberg's (1992) comments are par-
ticularly gratifying. In some circles, when an
argument is not going the right way, the
offended person reaches for a concealed
weapon. In other circles, they quote scrip-
are. In the social sciences, we are much
more civilized. We go for the statistics.

We were well aware of the issues raised
by Sternberg (1992) when we designed and
conducted our study. We acknowledged
these problems in the paper. Our approach
was like the one used by researchers in the
areas of sensation and perception. They
study a small number of subjects intensively.
Most of the conclusions we drew were obvi-
ous from inspecting the data. No statistics

were needed to support our major findings.

It should (or may not) make Sternberg
happy to know that since completing this
study, we have replicated the results. In
several studies we gave a similar battery to
149 high school students whose 1Qs were
almost perfectly normally distributed and to
over 1,000 Air Force enlistees. Results of
these later studies supported all of the major
conclusions reached in the present study.

What caused Sternberg (1992) to go
statistically critical and become Ballistic Bob?
My guess is that he has difficulty agreeing
with the conclusion reached in this study
that basic perceptual and cognitive pro-
cesses predict human intelligence. Sternberg
and Salter (1982) argued that cognitive tasks
always correlate less than .30 with intelhi-
gence. They talked about a .30 barrier on
such correlations. This correlation ceiling
implied that basic cognitive processes were
unimportant in intelligence because each
accounted for little variance in 1Q.

I would like to be able to address each
point raised by Sternberg in full detail. T am
afraid that would test the reader’s patience
and the Journals’ page limits. Instead, I will
address what I consider to be the most
serious errors Sternberg made. I have se-
lected these mistakes because they are criti-
cisms often raised by researchers who do not
work with persons who have mental retarda-
tion.

Sternberg’s (1992) first major point raised
concerns about the difference in variability
between subjects with mental retardation
and college students. Sternberg may not
know that differences in variability are un-
avoidable in comparisons between persons
with and without mental retardation. The
pervasive difference in variability is a major
puzzle of low 1Q, as Ceci (1992) and Jensen
(1992) pointed out. If we abided by the strict
statistical criteria of equal variance across
groups, we would never do a study compar-
ing subjects who have mental retardation
with anyone. Nearly every study published
in this Journalfor the last 50 years would be
unacceptable by Sternberg’s standards. For-
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