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tasks are capable of predicting performance on standard measures of
intelligence. The subjects of the research were 141 graduatin? high
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A. Conners and Douglas K. Detterman), which presents the results of
the Choice Reaction Time task, the Sternberg Search Task, and the
Recognition task; (2) the paper by Peter J. Legree and Douglas K.
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presentation of Rolf Tailor and Douglas K. Detterman, which reports
on the Stimulus Discrimination task, the Self-Paced Probe task, and
the Experimenter Paced Probe task. The general purpose of the three
papers is to present the data obtained from each task, compare the
results obtainad in this study with those generally obtained using
these tasks, and, where relevant, to compare the results of this
research to those obtained in a previous study. (CL)
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The research to be reported in this symposium is a continuation of
research reported here last year. Last year we presenged data on nine tasks
measuring basic cognitive abilities. All of these tasks had been given to

20 mentally retarded and 20 nonretarded subjects along with the WAIS-R.

ED250858

The tasks we used were disigned to operationalise a model of
information processing. Each task yeilded a number of parametars. Each

parameter operationalised one part of the model. Though I will not discuss

1t In detail, Ohig modal {3 shown in Figyre |,

Our major aim in this research was to determine to what eztent basic
neasures of cognitive ability are capable of accounting for differences in
intelligence as measured by standard psychometric instruments. In addition,

we wished to determine to what extent parameters from various tasks were

intercelated.

Table 1| shows the major raesults obtained from last years work. Names
of the parameters from each of the tasks are shown in the left column
tfollowed by a brief description of the parameter. The next column shows the
split-half taliabilities of each parameter. The right-hand column shows the
raw correlation of the parameter with WAIS-R 1Q. Since we used an extreme
groups design, these correlations are inflated by the extended range. The
correlations in parentheses ace corracted for extended range. These
correlations arte the best estimate of what would be found in a random sample

drawn from the general population. “PERMIBSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY
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As can be seen from Table 1, correlations between the various
parameters ranged from low to soderate. When nultiple regression was used
to obtain the best combination of variables to predict 10, substantial
prediction was obtained. The multiple R was 0.89. Ve concluded that it was
possible to combine nef%z)os of basic cognitive ability to predict standard

measures of psychometric intelligence.

A major objection to our conclusion was that since the data were
obtained from extreme groups, they might not be representative of results
which would be obtained from the general population. We consideced this an
unlilely ooumllﬁ particulorly sinece Uhe qeneral patiers of correlotivas

was replicated separately within mentally retarded and nonretarded groups.

The research we are reporting this yvear is an extension of last years
work having as its principal aim the same goal of demonstrating that basie
cognitive tasks are capable of predicting performance on standard measures
of intelligence. Although we feel that last years work achieved this aim,
this years project was designed to be an unequivocal demonstration that
elementary measures of mental function can predict more complex psychometric
measures of 10. Since Calton and Cattell set out to demonstrate that
individual differences in intellectual functioning could be predicted by
simple experimental measures, the failure to find such relationships has

been an impediment to the development of theories of intelligence.

Although there have been moderately successful efforts to predict
intellectual functioning using basic cognitive tasks, to our knowledge no

one has ever been more than moderately successful in this effort, The work




of Hunt, Keating, Sternberg and others has demonstrated that it is possiblae
to obtain at least moderate correlations of basic cognitive tasks with
neasures of IQ or at least specific abilities found on IO tests. . we ace
to devalop good theories of individual differences in intellectual
functioning, then we mnust know if the basic processes from which we
construct our theories are, in fact, capable of predicting differences which
can already be quantified using mozre comples !Q measures. Ve consider this
to be such a fundamentally important question that we were willing to invest

a substantial effort in cnswering it.

In the wort 10 be reperted we testied 41 gradoating high schee) seniors
on ten different tasks of cognitive abiiity. Each task was presented by a
Terak 8510a microcomputer shown in slide 1. The computer was fitted with a
touchscreen and all responses ware made by touching the computer's screen.
All instructions and verbal feedback were presented by a Votraz voice
synthesizer. Correct and incorrect responses were signalled by a beep andl
buss made by the computer. Because all responses ware nade on the
kouchccreon. we ware able to separate decision time, the time required to
decide which response to make, and movement time, the amount of time
required to move to the appropriate response area. In those cases in which
decision time and movement time are combined into a single measure we call

it response time.

In addition to the ten tasks, each subject completed the WAIS-R and an
estansive denmographic questionnaire. The approzimate amount of time

required to complate all of this was from three and one half to siz hours.

Participation was about equally divided between two successive days.




Subjects generally found the tasks to be interesting and only three failed

to return for the second day of tasting.

All of the cognitive tasks used the same ;ttnult. 8tinuli ware 4 X 4
natrices with some squares filled. Thase stimuli were selacted for saevaeral
reascons. First, the entire population of stimuli could be speacified.
Second, they could be readily scaled using physical characteristics of the
stimuli. Third, subjects have probably ‘had little experience with these
stimuli and hence diffarential familiarity should be minimised. Finally,
since the stimuli are different than those found on IQ tests, any
corfrelotions that resullé petween the +tasks snd 10 sannet be due €0 the use
of common stimulus materials. Further. differential prediction of IQ by,
various tasks cannot be due to stimulus differences since all tasks use the

same stinuli.

The ten tasks are highly familiar to most of you. Besides ttf standard

name, we designate each task by a two-character code. Thase tasks will be

tully described in later presentations. The tasks we used in the order in = *

which they ware presented to the subject ware:

Learning - LR - an assessment of probed learning skill.

Choice Reaction Time -~ RT - a choice reaction time task similar to

that used by Jensen.

Relearning - RL ~ a relearning of material originally leatned in LR.
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The Sternberg Memory Search Task i»‘ task designed to measure the speed

of search through memory.

Frobe Task - PR - a six item experimenter-paced probe memory task.

All of the above tasks were presented on the first day of

participation. The folowing tasks were presented on the second day.

Selt-Paced Probe Task - 8P - similar to PR but the subject was allowed

to determine how long each item was presented.

Stimulus Discrimination - 8D - this was a siz-choice match-to-sample.

task.

Recognition Memory - RC - a test of recognition memory for stimuli

presented in previous tasks.

Tachistoscopic Threshold - TT - a deternmination of the threshold

trequired to determine if two stimuli were the same or different.

Tachistoscopic Delay - TD - a determination of the delay required for
subjects to be able to discriminate if there was a delay batween the

presentation of the two successively presented stimuli,

The subjects for this experimant were graduating high school seniors
from a suburban public high sechool. We first obtained a list of all

students who would be leaving the high school at the end of the academic
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year. This list included students in special education classes who were
leaving school. Next, each student was sent a letter explaining the
experiment and requesting participation. Shortly after the latter had been
sent, each subject was contacted by phone. The experimeat was explained
again and remaining questions were answered. If the subject agreed to
participate, he was contacted again to arrange a time for pacticipation.
Subject's were not paid for participation but transportation to‘the

laboratory was provided when needed.

There were & total of 622 students included on the original list. Of

these 144 participated. Three failed to conplete o portion of the

exper iment and were not included in the final data set. By far the greatest
reason for subjects’ not participating was the inability of experimenters to
reach them on the phone. The second most frequent reason was that subjacts

had moved.

The final sample included 141 subjects. The mean WAlS-R 10 was 108.03
with a standard deviation of 18.3. While the mean and standard deviation
are different from those of the normative sample for the WAIS-R they are
probably crepresentative of the suburb from which the sanple was drawn. The
range of 1Q's included in the sample was from ‘bon S0 to 150. Although the
sample was not identical to the sample used to norm the WAIS-R it was
normally distributed. In fact, we believe that this sample is about as

representative as it would be possible to obtain without employing extremaly

ezpensive national sampling methods.

In the following papers, you will heat brief reports on the tesults




from each of the ten tasks by the students who took primary rasponsibility
tor them. [fran Conners will present Choice Reaction Time - RT, the
Sternberg search task - ST, and the recognition task - RC. Peter Legree
will present Tachistoscopic Threshold - TT, Tachistoscopic Delay - TD,
Learning - LR, and Relearning - RL., Rolf Taylor will discuss Stimulus
Discrimination - 8D, the Self-Paced Probe task - 8P, and the exzperimenter
pacad probe task - PR. The general purpose of these presentations is to
present the data obtained éron each task, compare the results we obtained
with those generally obtained using these tasks, and, where relavant, to

compare the results to those obtained last year.

The first presentation is by Fran Conners.




. ASSESSING COGNITIVE DEFICITS IN THE MENTALLY RETARDED

Raaction Times Memorw Scanning» and Recognition

Corraelates of Intellidgence

Frances A, Conners and Dougslas K. Detterman

Cate Wastern Reserve Universite

One of our tasks was a8 choice reaction time task. 1lts Purrose
was to provide some indexes of Pprocessingd sreeds which has been
related to intellidence bw manw researchers.

The choice reaction time Paradignm we used reauires subdects to
respond as auickly as possible to the onsed of one of W to 9
stimuli. In each trialy » Set of 1y 29 4 &) or € etimuli) orronged
along @ wemicircler is presented to the subdect. One of the stimuli
then lights ups and the subdect auickls resronds to that stimulus.
Reaction time is Plotted asainst bits of information (derived from
the minimum number of alternatives in each set size). This slore -
tends to be pPositiver because reaction time increases as the number
of stimuli to attend to increasses. The ¥~ intercert of this slore
R@asures any processes not included in the reaction time measurer
presumably the time it takes to encode the stimulus and prerare to
resrpond.,

In our exreriment» Lhe subdect initiated & trial bw touchind &
rectansular bar at the bottom of the screen., The stiaulus set of 1»
2y 4y &y or 8 sauares then asrrPeared. After & random interval of 2,
3s or 4 secondsy» one of the sauares lit ur and the subJdect resrponded

by touching that sauare as auicklw a8 rPossible.




Pase 2

The task consisted of 9 Practice trials and 120 exrerimental
trials., Irials were blocked such that one sauare was disrlased
firsts» for 24 consecutive trislsy followed bw 2 sauare disrlaved for
24 triasls)» and so on. Last wear trials were completels randomized
and pnblockedv and our measures turned out to be very unreliable.
This time we blocked trials and reliabilities were wmuch higher,

Decision time and movement time were recorded on each trial and
coariled seraratelw for each set size. Then we comruted means:
medians» standard deviations» sloress and intercerts of both
decision time and movement time.

Once this was dene) ocur first etep was to check the
reliabilities of these variables., If thew weren’t reliasble,» their
correlations with IQ and with other variables would be affected. We
calculated split half reliabilities for 14 oridinal variables.

Means rroved to be more reliable in dgeners]l than mediansr so medians
were excluded from further analuses., OUOf the remaining variables,
listed in Table 2» over half had reliabilities in the 80’s and

90‘s., 7The most unpreliable variasble was decision time slore (.61),

Next» did we rerplicate Prrevious findinds? For this analusisr» we
combined the susmarized data from all subldects. As exrected) the
mean slore Of decision time by bits of information was rousitive and
the mean slore of movement time was near zeror with an intercert
lower than that of decision time slore. Thus» the classic findinsg
that reacvion time increases as decisions become more complex was
rerlicated.

Whieh Reaction Time variables correlated with IQG scores? We

10
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were particularly interested in the overall mean and standard
deviation of decision time and the slore and intercert of daecision
time by bits of information., All of these variables excert dt slore
correlated with IG. Decision time slore was the varisble with low
reliability and this maw have contributed to the low correlation,
However» -.04 is nevertheless extremelw low. The variables which
predicted 10 best were mean decision time and mean movement time
‘both =+32). In the choice reaction time task, then» overall sread
of responses resardless of choice complexitw, was most indicative of
intellisence.

another rrocessing sreed abilitw relevent to intelligence is
short term memors scanninsg., Several investigators have found that
penory scanning differences exist between srours of different
intelligence levels., There is correlational evidence now as well.

In Saul Sternberd’s memory search paradigs memory sets of
various sizes are brieflw presenteds followed by & Probe stimulus.
The subJect is to indicate whether or not the rrobe was a member of
the praevious memorw set. Memorw secannins rate is reflected bw the
slope Oof reaction time by set size. The intercert of this slore
rerresents time not associated with memors scanning, and has been
eauated with encoding speed., In nur task fixed set procedure wes
used, whereby the tour memorw sets (1» 2» 3» and 4 stimuli) remyined

constant throushout the task, Based on Previous findings, we

exrected taster scannind and faster encoding in rPeorle of hisher
intelligence.

In addition to the memorwy sets) 2 sets of probe stimuli were

- ERIC 11




used., Probe stimuli uhich aatched the wmemory set stimuli made up
the ‘positive (matching) set® of rprobe stimuli. Distractors» not
matching memory set stimulir made up the *nesgative set® of rrobe
stimuli.

To bedin a trials the sublect touched the bar., A warnind tone
was mader» and then the memory set stinuii arpeared across the top of
the screens one at @ times for 1.5 geconds each. lomediatelw
followinss & *rProbe® stimulus was disrlaved in the center of the
screen. Sub.ects were instructed to touch the *same® resronse
indicator if the rrobe stimulus was the same as one of bthe weswry
set stimuli displawnd on that triasl and to touch the *different®
resronse indicator if it was different from a3ll of them. They were
to make their resronses as auickly as rossible.

There were 32 practice trials and 144 actual trials.

Trials were blocked and ordered according to memors set size.

We ralculated meanss medianss standard deviaitonss sloress and
intercerts of decision time and movement tine srearstelw for
rositive and nesative sets., There was a total of 32 measures. UWe
computed split half reliabilities and threw out unrelisble (r < ,30)
and redundant variables. Adains means were senersllw more reliable
than mediansy» so mediane were throuwn out. A total of 16 variables
was selecteds 8 with reliabilities in the 80‘s and 90‘s., These are
listed in Table 3.

One rProblem we had with this task last wear was thaty» for the
lardest memory sets mentallew retarded subJdects rerformed

phenomenally fast with 3 very high error rate. We susigested that

12
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thew rrobably bedan to suess impulsivelw when the task became too
difficult. This wesers we used simelar stimuli and the error rate was
kert sufficientlw low (mean % errors = 5,52 X). Alsor Sternberd’s
original results were rerlicated. First, decision time slores for
positive and nedative sets were rPositiver indicating a serial search
through items in memorw, Secondr these two slores were Parallel to
eschotherr indicating an exhaustive search. And» as exrected
pnovement time slores were relativelw flat and their intercerts ware
considerably lower than decision time intercepts.

Looking &b correlations with IQy we were especially interested
in the means snd stenderd devistions of decision time snd the slores
and Intercepts of decision @t-l by gset si{ze (scenning ond encoding).
Mean decision timer standard deviation of decision timer and
encoding sreed correlated with I@ scores. Necision time slores were
borderline. Correlations of rpositive set slores uware barely
significant (-.15)y whereas those of nesative set slores fell Just
short of statistical significance (-.10). The best predictor of IQ
in the Sternberd task was the number of trials rperformed (~.49)» @
peasure of errorsr sussesting that in memory scannind, resronse
sccuracy ig the abilitw most closely related to intellidence.
Howaver» with mean parcent errors at 5.,52%» the high correlation was
probably produced hw outliers who made & lot of errors. Mean
decision time for rositive (-,42) and nedative (~.44) sets were also
dood predictorsy indicating that» errors asider deneral decision
times rather than scanning sreeds is most indicative of intellidence

in this tashk.

13
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; , Finallws we used an additional task which has less often been
related to intelligdence measures., This was a8 recodnition memors
task given after all but two of the other tasks had been comrleted.

The recognition memorw task rresented subJdects with two stimuli
on each trial., One was @ stimulus which had esrreared in one of the
tesks slready completed bw the subJecﬁo The second wWwas alwass &
distractor that had not been used in anw other task., The subdect
was to indicate which stimulus had been seen before bw touchind that
stimulus.

Two practice trials and 24 actual trials made ur the task. For
1 each subdJects rPercent corrects sedian dtr median mts and median
resronse time (dt and mt combined) ware calculated. Selit half
reliabilities for the four varisbles proved to be auite scod. Onlw

rercent correct was below .90 (See Table 3).

.The mean rercent correct wes slightly over 90 %s indicating

Lamia s o o o 2ae 2

that the task was essw for most subdects. Howevers the rande of
this verisble wes 62,5 X, There were Pr0bably une oir 6 lew
subJects who rerformed roorly and many who rerformed well. The
ranses for other variables were also high.

Fercent correctr possibley because of outliersy and most

measures containing decision time correlated significantly with
1. This suQSQsts.that racodnigion caracitys as well as cosnitive
spredr is important in intellisence.

To sum urs in the Choice Reaction Time task measures of overall
sreed of reaction and sreed of encoding emerdaed as the most

imrortant comronents of intelligence. The slore of decision time bw

14




bits of information did not correlate with IQ» but was also not

vers reliable. In the S8ternbers memorw search taskr resronse
accuracy and overall decision tine correlated most highlu with
intelligence. Encodind sreed and search rate for rpositive sets
correlated less highle., Finalles in the Recosnition memorwy tasks
recognition caracity and recognition sreed were found related to
intelligsences slthoudh the correlations were .eemingly caused by
outliers who perforasd poorly, In all three tasks, spend ond

encoding accuracy proved 40 be ey correletes of intelligence.
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Label

TPPROP

R
e

TENEAN .

TEMED

STDPM
STOPS
8TDP1
STDAL
8TEP
STEA

RTMEAN
RTYINT
RTSLOPE
RTSD
RTERRORS

sooT
SDMT -
SDERROR

SPERROR
SPDTANS
SPDTALL
SPSDALL

FRERROR
PRBIAS
PREM
PRPY

LRTRIAL
LRTIME
LRBIAS

MYTRIAL
MITIME
MYBIAS

Name -'f'--i-;-'.fl‘-‘. -;s‘x ‘\ﬁ-k . Rel,

[ SEE A

ora L O U &-- et
) I

Tachtstoscople locognltton

OV:RALL PRO’O&T!OR connscr ‘ 1l
fachlstooeoplc Th:nshhold
MEAN THR. TINE .90
MEDIAN THR. TIME .67
‘ .
Sternberg Bearch Task
MEAN D.T., FOS TRIALS .47
SLOPE D.T. BY S8BT 812E, POS .94

Y-INTER. D.T. BY SET 812ZE, POS .99
Y-INTER. D.T. BY SET B1ZE, NEG .93

ERROR RATE, POS SET TRIALS .38
ERROR RATE, NEG SET TRIALS .93
Choice Reaction Time

MEAN D.T. .99
Y INTERCEPT OF CORRECT .93
SLOPE OVER BITS OF INFO .30
8.D. OF D.T., NO ERRORS .63
D.T. OF ERRORS .98

8timulus Discrimination
MEAN DECISION TIME .9
MEAN NOVEMENT TIME .96
NUMBER OF ERRORS .84

Self-Paced Probe Task
NUMBER OF ERRORS .98
TIME TO ANSVWER .97
MEAN LOOKINCG TIME .99
8$.D. OF LOOKING TINE .98

Probe Task
NUKBER OF ERRORS .96
CHI BQUARE BIAS .87
ERRORS POSITION § & 2 .94
ERRORS POSITION 8 & ¢ .09
Leatning Task
NUMBER OF TRIALS .99
MEDIAN CORRECT TINME .96
CHI SQUARE BIAS .34
Retention (Memory)

NUMBER OF TRIALS .99
MEDIAN CORRECT TINME .36
CHI SQUARE BIAS .78

Rehabilities and Correlations with WAIS-I0 for
Selected Measures Prom Cognitive Tasks:

(1Q)

10 L 40)

-.60(-.44)
-.61(=.40)

83(=-.42)
.52¢ .33)
38(-.37)
62(-.41)
65(=.43)
.68(=~.46)

A47¢=-.29)
.48(=-.29)
.03(¢=-.080)
.36(-.21)
.22(¢-.13)

.70(=.48)

~-. 44¢=-.27N
-.32(=-. 1"

.07¢=-.70)
J89¢C .38)

.,“ .zo’i

-18¢C .10)

L78(=.87)
.78(=.87)
.723¢-.80)
.49(=-.47)

.85¢=-.67)
L36¢ .21)
.s“-."’

L840, 64)

290 A7)

.88¢(-.3¢8)

Coszelations in () are corzected for extended tange but not fos ungeliability
of measurement.



-’ . , | TABLE 2
A _ , " Choice Reaction, Time Task (RT)

Variable Description Mean SD  Rel r(IQ)
\ RTDT Mean decision time 442 ,078 .94 -,32
1. RTSD SD of decision time - 205 ,136 .66 ~-.16

RTMT Mean movement time 216 .050 .90 ~-,32

RTDSLP Slope of decision time by bits ,020 .030 .61 ~-.04

RTDINT Intercept of dec time by bits .408 097 .84 -.24

RTMSLP Slope of movement time by bits . .,007 .020 .65 ~-.01

RTMINT Intercpet of mvt time by bits .204 ,054 .82 ~-.30

RTMEDT Median trial time 4,623 .325 -.08

RTMNT Mean trial time 3.846 .899 -,09

RTSDT SD of trial time 2,523 1,215 -.13

TABLE 3
Sternberg Memory Search Task (ST)

Variable Description Mean oD Rel r(10)

STPDT Mean decision time, positive sets JJ32 ,178 .94 -.42

STPDSD SD of decision time, positive sets .32 .194 .59 -.33

STNDT Mean decision time, negative sets .75 .186 .97 ~-.44

STNDSD SD of decision time, negative sets 319 222 .83 -.40

STMPT Mean movement time, positive sets .361 .604 1,00 -,21

STPMSD SD of movement time, negative sets .483 3.294 1,00 ~-.19

STNMT Mean movement time, negative sets 216 .092 .88 -.34

STNMSD SD of movement time, negative sets J92  ,161 .58 -.27

STPDSL Slope of decision time, positive sets .070  .056 53 -.15
STPDIN Intercept of decision time, pos. sets .567 .173 J0  -.31
STNDSL Slope of decision time, negative sets .061 .068 J2 =10
STNDIN  Intercept of decision time, neg. sets .604 .218 .81 -.30
STPMSL Slope of movement time, positive sets .002 ,233 .98 13
STPMIN Intercept of movement time, pos. sets .355 1.175 1.00 ~-.17
* STNMSL Slope of movement time, negative sets .014 .044 A5 =.28
STHMIN Intercept of movement time, neg, sets .242 126 .76 -0

STNTRIAL Number of trials verformed 151.940 17.43 -.49
STMEDT Median trial time 6.045 ,.380 -,33
STMNT Mean trial time 8.087 1,001 -.25
STSOT SD of trial time 21.886 3.208 -,29
TABLE 4
Recognition Memory Task (RC)
Variable Description Mean oD Rel r{10)
RCPC Percert correct 903 .096 .68 .41
RCDT Median decision time 849 .602 .96 -.23
RCMT Median movement time .65 .,539 .9 ~-.03
RCRT Median response -time 1.505 .369 .89 ~-.34
RCMEDT Median trial time 3.190 ,.525 -.30
RCMNT Mean trial time 3.846 .899 -, 23
RCSD SD of trial time 2.048 3,118 -,09

Full Tt Provided by ERIC.
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TABLE §
Tachistoscopic Threshold Data

Variable Description Mean SD Rel r{1Q)
TTTHMD Median Threshold Time 039 0,028 0.822 ~-.570
TTMDDC Median Decision Tiine 169 0,132 0,989 ~-.024
TTCRDC Median Decion Time for Correct Trials 164 0,126 0,985 ~-,017
TTWRDC Median Decision Time: Incorrect Trials .207 0.214 0,963 0,020
TTMDMV Median Movement Time .357 0.136 0.989 0,015
TTCRMY Median Movement Time: Correct Trials .352 0.131 0,984 -.001
TTWRMY Median Movement Time: Incorrect Trials 403 0,173 0.879 0,141
TIMDRT  Median Response Time = DT plus RT .568 - 0.165 0,984 ~-.085
TABLE 6
Tachistoscopic Delay Data
Variable Description Mean oSU  Rel r{l1Q)}
TOTHMD Median Threshold Time JA13 0,043 0,690 512
TOMDDC Median Decision Time .098 0,077 0.953 ~-.109
TOCRDC Median Decision Time: Correct Trials 095 0.072 0,921 -,104
TOWRDC Median Decision Time: Incorrect Trials 106 0.105 0.945 .033
TOMDMV Median Movement Time .323 0.181 0,988 ~-,280
TOCRMY Median Movement Time: Correct Trials 315 0,180 0,982 ~-,285
TOWRMV ~ Median Movement Time: Incorrect Trials .342 0.192 0.962 -,235
TOWRRT Median Response Time = DT plus RT 513 0.213 0,975 ~-,298
TABLE 7
Learning Data
Variable “Description Mean S0 Rel  r{14)
LRSVNG Number of blocks attempted 13.3 4.384 0,239! 0.574
LRMDRT Median Reaction Time 4,18 0.538 0.956 ~-.133
. LRMDTR Median Trial Time 0.76 0.415 0,957 ~-.201
LRPCOR Percent of trials which were correct 8.54 0.159 0.967¢ 0.535
TABLE 8
Relearning Data
Variable Description Mean oD Rel  r(id)
RLSVNG Number of blocks attempted . 19,1 5,537 0.3731 0.583
RLMDRT Median Reaction Time 0.60 0.510 0,924 ~-,182
RLMDTR Median Trial Time 3.74 0.835 0.935 =~-.216
RLPCOR Percent of trials which were correct 0.63 0.145 0.9671 0.427
SAVTRL Savings based on Trials Saved 1.91 0,727 !l -.417
SAVPC Savings based on Percent Correct 2.24 0,364 ! -.221

| estimated from a related measure
Il can not be calculated

ERIC

Aruitoxt provided by Eic:
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TABLE 9 -
Stimulus Discrimination (SD) Task
Variable Description ~ Wean S0 Rel _ r(I0)
DTMEAN Mean decision time 2.476 0.830 ‘.69 -, 39
MTMEAN Mean movement time 0.418 0,062 .71 -.14
ERRORS Number of missed trials 4,071 4.605 .52 -, 22
TABLE 10

Self-Paced Probe (SP) Task

Yariable oJescription Mean S0 Rel r(10)
MTRLTM Mean trial time 50,752 17.263 .97 .30
SDTRTM Standard dev of trial time 16,568 10.102 .82 .34
MLOOK Mean looking time all posit 3,414 1.795 .97 21
SOLOOK SD of looking time all posit 3.200 2.028 .88 21
PROPCOR  Proportion correct all posit 0.666 0.205 .96 .65
TABLE 11
Probed Recall (PR) Task
Variable Description Mean _ SD__ Rel _ r(I0]

PROPCORF Proportion correct first 3 posit 0.386 0.143 .69 .48
PROPCORL Proportion correct last 3 posit 0.576 0.129 .68 .48
PROPCOR  Proportion zorrect all positions 0.481 0,116 .80 .57
DTMEANF  Mean decision time first 3 posit 1.971 0.533 .90 -.08
DTMEANL  Mean decision time last 3 posit 1.733 0,583 .92 -.21
DTMEAN  Mean decision time all positions 1.852 0,540 .96  =-.15
DTDEVF SD of decision time first 3 posit 0.963 0,984 .75 -.18
DTDEVL  SD of decision time last 3 posit 0,961 0,982 .87 -.22
DTDEV SD of decision time all positions 0.992 0.957 .95 -.21

ERIC > 21

Full Tt Provided by ERIC.




ASSESSING COGNITIVE DEFICITS IN THE MENTALLY RETARDED
Douglas K. Detterman, Chair

Model 1:
Number of abilities = 1

t = wig + Ei

© n tests
IQ = z (Wig+Ei)
L=1

Model 2:
Number of abilities = finite

t =4, +E

i i

n abilities
1Q = 2 (A, + E

1 i)
L=1
Model 3:

Number of abilities = large to infinite

t=4A +E
n elements
IQ= $ (4 +E)
A=1




ASSESSING COGNITIVE DEFICITS IN THE MENTALLY RETARDED
Douglas K. Detterman, Chalr

S (
Y V([ +n)L+n)

1 = abilities shared by x and y
m = abilities unique to x
n = abilities unique to ¥y

Let x be the oriterion measure, IQ, and let y be a single measure of
a basic ability, t. If t measures a unique, independent ability
and if IQ, contains all such independent abilities and all
abilities have ecual weight, then:

l +m =N Where N = number of independent abilities

£
r B e
IQ x1 ‘/——N(l - n)
n=0 Since ¢ contains only 1 ability
I
T1Q x ¢ m
£=1 Since only one ability is shared in common by IQ and t
S
TIRxt VE
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ASSESSING COGNITIVE DEFICITS .IN THE MENTALLY RETARDED

Batlinburg Partl 1984 TT
Peter J. Legree and Douglas K., Detterman

Two tausks were included in this prodect which attewnrted to orerationalize
very shart term visual rrocesses, The first of these was o Vachistoscoric
Threshold tossk. This task was comrosed of tweniw blocks of trials. Each
block used 3n ascending method of limits to determine the Threshold Time

needed to accurastely discriminate two simultaneousls rresented siimuli as the

sape or diffaerant.

A hlock was romrosed of 8 variable number ot triasls and ended when the
subJdect reseonded correctly to four aonsecutive trials, If the subJjact
resronded inmcorrectls on & particuler trisly the rresentation time on the
foliowing trie) wes (engthened bu 17 wsecs, When the sublect resronded
correctly to @ trials the tollowing trisl had the same rresentstion time. A
hlock ended when the subJect was correct on four consecutive triales. The next
block of teielg then commenced. The threshold time value for esch block was

the last presentation time. The rresentation time of the first trial of the

the naxt block of trials was then reset to 17 msec.

SLINE, The computer cued the subdect to bDesip o tesk by Presentins the
bottom half of this displey, The subfect inibisted the trial bu rrassing the
bar. The Cross then aspleared, follpwad by the two stimuli. As I have Just
described) the stipull were present for a verisble lengbh of time, A mask

ended Lhe rresentation. The subJdect then indicated his answer by responding




Gatlinhurd

. Tachistoscoric Threshold
1984 Peoter J, Ledree

to the disrlaw.,

The computer vrecorded the Presentedion tLime of the stieuli and whether
the responge was correct, TIn addition to Threshold Times the Necision Timer
the Response Time and the Triel Time for each teial were recorded. The time

pedsurenents were analized severstely for the worrect ond the incorrect

srials.

Split half reliabilities for Lthe movenent and decision time verisblesg
indicated that these Varisbles were moderataly to highly relishle with & range
of reliability coeffleionts €rum 0.86 to 0.99. ALL of these varidbles
correlated only slightly with the Wechsler @ scores, tha range being from
near 0 to 0.141, The Imtercorralstions of these messures with sach other
indicated that the Decision Tise Veriables intercorrelatead highly a8 did the

vorious Mavement Time variables and bthat these two groups correlated at a low
leve!l with Intelligence,

e incorrect respanses were slower then correct responses for Decision

Tinw) Movemert. Timay and Resction Time.

The split hNalf reliabilities for the Median Threshold Time variable was
0.822, Thsa Median TYhreshold Time variable correlated 0.570 with the Wais~R IQ
scores. This clorely replicetes our esrlier finding that the correlation

between Lhit variable and inteliidence wis between -0.524 in the retarded
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dgrours ~0.538 in the non-retarded sirour and - 0.608 when the two srours were

combined.

The results of this task indicoste that individuasl difterences in the
sacoding and comparison of briefly rPresented stimuli is relsted to
intelligence, Thig finding, courled with our earlier datsr indicates tﬁat the
relatlionshis holds across individuasis In the normal rense of intellisence, as
weli as at both the extremes of the distribution. 1n other words this Frocess
does not act as @ threshold, beuond which the visual rProcesses are unrelated
to intelligence. The dete also indicate that in this task DT and NT messures

are related to intelligence and each other ot only a low level,
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1t should be pointed out that the Tachistoscoric tssk incorrorated @
mask. The mask had the effact of intarruptind the processind of information
and the correlstions which were observed in that datar resulted because the
less intellident individuals have processed laess information. Thus whereas
thot tosk messured differences in the encoding of visual intormation it was

derandant uron the effect of the mask.,

The second task was named Vachistoscoric Delawr and was desisned to
investigate the Very Short Term Viguel processes of peorle independently of
the nasking effect. This tesk first flashed a stimulus in ene position and
aftar 200 meec wrote over that stimulus with blank sepacae. Next, an identicle
stimulus srreared in an adJscent rosition either sunchronouslw or
ssunchronously with the disssroarance of the Pirst stisulus. The subdect had
to indicate whether the the evenis had been sunchronous or aswnchronous., It

was axrectad that the Aswnchronw time would correlate nedatively with

intellistence.

This measure was named Visual Decaw, In addition to this messurer the
Decision Times tLhe Resronse Timwe and the Trial VTime ware recorded for each
trisl. The Time measurements were anslwzed sererately for correct and

incorrect trials,
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Thin task was composed of # maximum of twenty blocks of trisls. Each
block used an sscending method of limits to determine 3 Threshold Decaw Time

value for that block of trials.,

Because # hlock onlw ended after s subdect responded correctlw to four
consecutive trialsr each block wis comnrused of & variable number of trials,
All the trisls were wither sunchronous or aswnchronouss the onlw differences
betuwaen trials law in the stiwuli which uéva usaed and in the time interval of
aswnchronous Lrials, If the subJect resronded incorrectlw on an aswnchronous
triasls the Offset-Unsat Asunchronys on the Pollowind aswnchronous trial was
Llengthened by 34 msecs. 1I¢ the sublect resronded correctly om any trial or
incorrectly on & synchroneus trisl then the follswing asynchroneus trisl hed
the same Stimulus Onset Asynchrony. When the subJject responded correctly to
four congecutive trialg & bleck endedy °‘The Vi al Decay value for sach block
wes the last asynchreny time intervel. The me. . block of trials thea
conmenced and the asynchrony time intervel of the €#irst trial of the the next
block wos reset 4o 34 msec.

SIL.LIDE., The computer cued the subJect to initiate o trial by displawing
the hotton halt of this dierlaw, When the subJdect pressed the barr 3 fixatio
point,» arreared tor 500 msecs Then the screen became hlank for 500 msecs
after which time one stisulus arreared for 200 msec and then was written over
by blank srace, Next the second stimulus arpeared either verw shortly after

the offset of the first stimulus or arter 8 short delaw 8% described sbove.

28
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The second stimulus spreared for 200 mser &nd wae written over bw a maske The
gsubdect then indicated whather the two events ware sunchronous. In a3ll cases

the two stimuli wore identical.

For each trislr the computer racorded the asunchronw time of the stimuli
whather the resronse was correct and the correct resronse. The variables
Visual Decaw variabler was orerationaslixed os the last aswnchronw time during
s black, In addition to these recordinds the Decision Time, the Resrponse Time
and the Total Trial Time of each trial were recorded. An additional measurer
Respanse Time was calculabted by adding Decision and Response Time for each

triol. The time measurements were anslized sepearataly for both corvect and

incorrect Lriels.

The data from this task indicated that all the time measurements and the
threshold measurement from this task wave extremelw reliabler with & range of
relinsbility from 0.81 to 0.99. As in the other Tachistoscoric tasky the time
medsurements includlng Decdsion Timer Movement Time and Reaction Times
correlated ot # low level with intelligence while the threshold variables

Visual Decays correlsted woderately with intellidencer 0.51.

1t wae exprected that the two Tachistoscoric wessuresents would
intercorrelste at » verw hish level. The observed iatercorrelsation was
noderately highs 0.47?. 7This intercorrelation i{s difficult to interpret, & -

higher intercorrelation would have indicated a VSTM factor and would have
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helred substantiste at leasi rart of the sodel which Detterman had orriginally
prorosed. A lower intercarrelation would have indicated that the Veru Short
Term Visual Processes are composed of 2t least two inderandent components.
More likelws these tasks meassured 8 number of Vere Short Term Visual

processesr some of which overlarred,
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The next two taske had the dosdl of eessuring Individual Nifferences on

tuwo learnind tasks and relating these differences to intelligence.

The -tirsi tosk was named the Learning Task., This task was » Probed
Learning task which contained four blocks of trials, Within each blocks the
comruter rereated the precentation of the stimuld until the subldect was
corroct on a#ll the probes of one trial or until the subJect had received ten
trials. The mejor differences betueen the blecks lay in the set cize which
'varied droamatically over the four blocks. The tour block used 3 Gy 7 or 9
stimuli. NAg the subdects profressed through the blocks in an ascending order
of difficultyr, the computer manitored the rporformance of the subdect and
terminoted the task after the tirsts second or third block of trials if the
perfornance of the subJect tell helow & seecid#ied criterion, In this manner
th sybJect ‘s level of frustration waes minimized and the subdect’s time was
utilized efficiently.

SLINE., At the stdrt of eech blockr the computer cued the subdect to
sttend to the screen by presenting this displey, of course the nuaber of oren
windows varied desending uron the set size of the rarticular blocke A baep

wag then sounded by the computer, Tuo seconds later & atimulus arreared in

the left most rosition for one second. This stimulus tlashed off and a

31




Pasie 2

Batlinburd, 1984
Learning &nd Relaerning Tasks

* Peter J. Ledree
stimulus asrresred in the second oren window for one seconds and 80 on for the
resaining windows. In this manner all the stisuli were secuentiallvy rresented

for one second eachs to the subdect.

SLIDE: After the lagst stimulus had tlashed offs all the stimuli which
had aepedred during the presentation were seauentislly praesented in the probe
window. The subJect’s task was to roint to where the probe had Appeared. The

stinuli wore pProbed in 3 pseudorendom order.

If the subdect was incorrect on any of the probes of & trialy the
computer repeated the trial, The only ditference between the trials of a
bPlock was the order in which the sbimuli were probed. Trisls were up.utod
until either dhe sublect wes correct on all the probes of one trial or until
the sublect had received ten trials. The next block of trisis was then begun.

Learning wos assessed on this task by two reloted neasures. The Tirst
method Simelw calculated the number trials which the subdect did not receive '
becduse he leerned the stimull and the comruter terminated & block before all
ten trials were rresented., According to this methods high values indicate &
high level of lesrningy vhile low velues indicete little learning, This

neasurament correlated 0.87 with intelligence.

The second method used to measure learning calculated the rpercent of the

probes which were correctly esronded to. This method involved counting the
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nusher of correct responses and correcting this value for trisls on which the
subJect would have been correct but that were not attempted. This variable

produced @ correlation of 0,53 with intellidence,
Not stirprizindly these two measurements were moderatelw intercorrelated.,

The second learnins task was arprorriatelsw named Relearnind, This task
was ldentical in #ll mador respects to the first learnind tasks including the
actuel stimuli which were used, The eonlw ditference hetween the tasks law in
the instructions vhich were altered and in the fact that the Relesrn:ng task
-olms gollowed the Learning task and was temporally sesereied fromthe
Learning task by the Reection Time task. The Readction Yime task Los chosen
for this purpose because it hes o fixed number of tridls and theretore takes
roughly the same dmount of time fop all the sublects) and beceuse it ddes not
utilize eny stiauli thereby ainimizing Interference.

The nesusenents which were taken on this task incl ided those of dhe
Learning tast. The first learning veriable) trials not completed correlated
0.58 and the second learnipﬁ varisbler Percent Corwect correlated 0.59 with

intelligence.

Two addtions) measures were produced from the Learning and the Relearning
task which measurad Sevimgs. The first measure of Havings divided the sum of

the number of trials not presented on the lLearning and on the Relesrnind Task
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bu the number ot trials not rresented on the Learningd Task. This measurement
correlated 0,417 with the Intellisgence scores. The second measure used the

camw process on the percent correct. This measurement correlated 0,221 with

the Intellidence scores.

The intercorrelations of the variables between these tuo tasks indicate
that the gavings and learning voriables ware all intercorrelated. The results
indicate that Learninge as operationslized in this tasks is related to

intelligence.
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sh
STIMULUS DISCRIMINATION
Rolf Taylor and Douglas K. Detterman
In the rrorosed Information Processing model stimulus

identitication was one of the first processes to occur., To a8seES
discrimination abilitw » six stimulus match-to-suarle tusk was
enrlovwad, On each trial six of the 24 stimuli were prasented, A
rrobe was rreasented centered over the horizontal row of six
stiwuli, The probe matched ona of the stimuli. The subdect uas'to
£ind the one that matiched and bto touch id. A Gtridl wds begun uwhen
the subJlect touched the home rectangley or ‘ber’;y ol She bottom of
the screen, R werning tone was sounded, tollowed by the dierlaw.
The disviey remsined until the subJdect removed his/her tinder from
the the bary at which time the stimuli chanded to eartuw 4 X 4
mabricies. The subJect then touched the rosition which had matched
the prodbe, After the responser Peedback of 8 beer for correcty or a

huzz tor incorrectr was given.

The following instructions accomranied a3 demonstration trial,
and were siven bw the speach swnthesizer! °*TOUCH THE RAR PLEASE.
(the computer raused until subJect responded) LOOK AT THE SQUARE
AT THE TOF OF THE SCREEN., FIND THE ONE IN THE ROW THAT 1.0OKS THE
SAME, TOULH THE OME THAT LOOKS THE SAME, (the compPuter then waited

for a resronse from the subdect) LEAVE YOUR FINGER ON THE BAR UNTIL
YOU FIND THE ONE THAY LOOKS THE BAME, NOW TRY THESE FOR PRACTICE.

(three Practice Lrials werae given) HOW HERE ARE THE REAL ONES. T10UCH
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THE RAK TO RBEGIN.® A minimum of 72 trials followed. Esch stisulus
srPoared as the probe three tisen» arpearing once in position 1 or
2y 3 or 4) and 5 or 6. The distractor stimuli were were randomly
chosen from the other stimuli in the set, Incorrectly answered

trials were reinserted at a2 randomly chosen Pbint later in the

seauence, Xn this way errorless data for all stimuli was obtained.

The wean Dacision Time and Movemeni Time were calculated for
each subldectr as were the standard deviations tor these variables.
These weve colculated using correct trials only. ‘The number of
errors (brisls needing to be repested) was also calculsted. Reliable
variobles were analyzed scross all 141 sublects with the results
shoun in Table 2. The relisbilities of the standard deviations of
Movement Times ond Decision Times were lowr thus these variables
were excluded from further analusive. The reliabilities for the
otheiy three varisbles were hetween %2 and 69 « Necision Timae
Movement Timer snd Errors correlated with XQ =39 ~.14r and =22

respectiveld. These tindinds are consistent with those found last
yesr. The results of this Niscrimination task indicate that both

the Liwe Lo discriminater and numher of errorsy correlate with 1Q.

8P

SELF PACED PROBE
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Rehearssl serves to tranefer information from 8 primarw to @
secondary memorw storer where it is less prone to decsw., It has
been hupothesized, thereforer that short-ters memors deficits maw be
due to rehearsal deficitsa. RBellmont and Butterfield tound that the
retarded do not spontaneouslwy esplow rehearsal strategies» but can
be trained to do so. In & recall task that reauires the last few
itoms to be recalled firsty the idesl stratedw is one of lookina at
each of the first few Positions, rehearsing after each oner and then
raridls viewind the last few positions. The subJdect can then
rapidly dume out the Last items from primery memorys and then rccal)

he rehesrsed Ltems from secondsry memory.

This task emrlowed a seven rosition rprobed recall tssk., Seven
blank matrices arresred on the screen., When the subJect touched the
‘har’ at the bottom of the screeny # stimulus sppeared in the first
of yha saven rositions, This stimulus remained until the sub.Ject
sgain touched the bary st which time it disaresred and # different
stimulus #Preared in the second position. This continued until the
subhJect had viewed one stimulus in esch rosition. When the subdect
then touched the ‘bar’ the stisull then arpeared in & row below the
now blank rositions: The tifth rosition then lit ur and the
subJects task was to touch the stimulus which had appeared there.
The gixthr seventhr, and firet throush tourth rositions were then

probed. Auditory reedback was siven 8s to the correctness of each

resyPOonse .
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Since the teuk derands on the abilitw to rehearser the stimuli
used were swmetricals forming ‘dood’ ratterns. Frevious research
has shown that dood patterns 81re more eatily assigned 8 verhal label

than are roor pPatterns.

The tollowing instructionsy accomranied bw 8 demonstration
trials were diven bu the sreach swnthesizer! "TOUCH THE BAR. (the
comruter raused until subdect resronded) YUU WILL SEE A FICTURE XN
EACH EMPTY SQUARE. TO SEE THE NEXT PICTURE TOUCH THE BAR., TO SEE
EACH PICTURE TOUCH THE BAR. (the compuiler paused as the subject
viewed the stimyli) NOW TOUCH THE PICTURE THAT WAS XN THXS SQUARE
(another rause as the subdect resronded to the probe) SHOW HE WHERE
THE OTHER PICTURES WERE, WHERE WERE THE OTHER FICTURES?Y (rause
while subdect resronds to the rest of the rrobes) NOW YOU TRY XT
SOME MORE, TRY AND GET THEM ALL RIGHT. TOUCH THE BAR TO SEE EACH

FICTURE." This was followed huw 28 test trisls.

The mesn time sreant looking at esch rasition was recorded and
will be referred to as Looking Time. The correctness tor each
resronse was ala. recordeds The time srent to complete an entire
trial was recordedr and will be referred to as Trial Time. Mean
Looking Time and Trial Time was caleulated for each subJdecty as was
the standard daviation of these times. Prorortion correct uwas
caleculated for wach rositiony and oversll. It wes expected that the
standard deviation of looking times would be indicative of stratesw

use:. Al) variables had relisbilities of .68 or higherrs most
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between 88 and +95 + The correlations with IQ for mean Trisl Tiwe
and maan Lookins-Tiua ware .30 and .21, Standard deviation of
Looking Time and Prorortion Correct correlated with IQ 21, and .45

respoctiveld., Rasults are shown in Table 10.

FR

PRORER RECALL

The Frobed Recall task was similar to the Selt Paced (8P) tasks
but only six stisulus positions appeared, The stimuli used-were the
same 24 stimuli as used in the Stimulus Discrimination (81 task,
Artter the subdect placed his/her finder on the home bar the compiter
rrasented 3 stimulus in the left most Position. After one second.
this stisulus diszareared and @ stimulus arreared in the second
Pos;tion. This continued until # stimulus had apreared in each of
the positions, At this polnt & stimulus arpeared in the standard ar
rrohe rosition sbhove the now hlank stimulus watrices. The subJect
was to respond bw touching the rosition where the probe stimulus had
srreared. The correct stisulus then lit ur to #rovide visusl

fewdback.

The following instructionss sccompanied hw & demonstration

trials were given by the areech swnthesizer! °*TOUCH THE BAR ON THE

ROTTUM PLEASE (there was then » rause until subdect resronded) YOU
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WILL SEE A PICTURE COHE ON IN EACH SQUARE. TRY TO REMEMBER THE
PICTURES, (the computer displaved the stimsulis» and then the probe)
TOUCH THE SQRUARE THIS PICTURE WAS IN. WHERE DID YOU SEE THIS
PICTURE? (the computer waited for & response) OKs HERE 18 A
PRACTICE TRIAL. TOUCH THE BAR., (one practice trial is sdainistered)
NOW TRY THESE.® This was followed bw 72 trialss incorrect trialf

were not rereated.

Mean Movementi Time and mean Decision Time were calculated for
each subject; across she #irst three) lass three, and all
positions., Similarlu standard deviations were cslculated for these
varishles. The prorortion of correct responses also was cslculated
across the tivrst threes last threer and all rositions. These
statistics were based on #li trials includind those incorrectlw
answered, The mean and standard deviation of Decision Time
correlated with XQ -.195 and -.21s respectivels. Prorortion Correct
correlated .57 with IQ., Results are shown in Table 11« These

results contirm the findinds from last gears studd,
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