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A batiery of indormation processing meassres and psychomelric tesis of specific and
fenersl cogmitive ghilities wis administered w2 sample of 105 individuals ahich
mluded 34 monoeygatic and 13 deoyvpotic reaed apar twin pairs or oeplets. Comila-
rinns herween informaticon processing parameiers and psychometric abilivies & well &
nwin resemblances for e Informanon processing parameners were examingd, In a
principal components analysis of the informaleon processing parameders, tBmee compa-
rents were idemtified which accounsed for 67% of the sotal variation; Overall Speed of
Hesponse (DSR), Speed of Infarmation Processing (51, and Speed of Spacial Pro-
cessing (55F). OSR was significanily comelaled with WALS [, and peycbametric
measures of verbal reascming, spatial ability, and perceptaal speed and acowracy. SIP
was signaficantly comelaed with WALS 1), measures of verkal regsoning, and ane of
the perveplual speed and accuracy measures. S5F was significantly comilaled with
measures af both spatial shility and percepeual speed and accoracy. Due to the small
s of the dizygolic twin semple, no strong conclusions couhl e drasn reganding te
mzgmilude af their resemblance. The comelation beiween compoaent scores of reaned
ApaEn mencEyEalic twiss was significant for QSR ba not for SIP or 851,

[NTRODUCTION

In recent research in cognitive psychology moderate, but consizent, rela-
tionships between measures of the rate with which an individual performs simple
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mechanistic thought processes, such as scanning memory, and psychometric
mensures of cognitive ability have been reported (Jenkinson, 1983; Lansman,
Donaldson, Hunt, & Yantis, 1982; Vemon, 1983). Jensen (1982) and Vemon
(1983) have suggested thar the basis for these relationships 15 a general speed of
mental processing factor which is related to, and forms an imporiant component
of, general intelligence (i.e.. *g”). Conversely, Hunt (1983) and Carroll (1976)
have suggested that the mechanisms of information processing are specific, and,
consequently, should comrelate differentially with psychometrically defined spe-
cial mental abilities. Furthermore, Hunt (1983) rejects the construct of iniel-
ligence as an abstraction which has no cause, suggesting that biological faciors
have their primary effects upon the mechanisms rather than the content of
thought. He claims that,

There are individual differences in specific cognitive behaviars, these dif-
ferences have canses, and the causes merit investigation, Physical influ-
emces, such as heredity, nuirition, and brain damage. must exen their influ-
ence through aliersiion of mechanisiic processes. Educational and cultural
influences must exert their imfleence through changes in represemtations and
sirategies (Hont, 1983, p. 146)

One implication of this position is that genetic effects, should they exist for
cognitive abilities, would be greater for messures of information processing
{i.e.. referents of the mechanisms of thought) than for psychometric tests (i.e.,
referents of the content of thought).

The study reported here i made up of tao parts. Par one examines, using &
large heterogencous sample, the pattern of relationships between information
processing paramelers and psychometrnic measures of special mental ability and
general intelligence. Part two examines the relative role of heredity and environ-
ment in the determimation of individual difference vapance on mechanistic
thought processes.

METHOD

Sample

The sample is made up, in part, of pamicipants in the Minpesota Siudy of
Twinzs Keared Apart, a psychological and medical investigation of monozygotic
(MZA) and dizyvgotic (DEA) twins who had been separated early in life. The
study hos been described in detail elsewhere (Bouchard, Heston, Eckert, Keyes,
& Besnick, 1981} The characteristics of the twin sample studied are given in
Table 1.

EZyvgosily determination was based on the analysis of eight blood group sys-
temis, four serum profeins, six red blood cell enzymes, fingerprint ridge count,
ponderal index, and cephalic index as explained by Lykken (1978). The proba-
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TABLE |
Ape, Ape of Sepamation. Age of Reumion snd Number of Pairs of Each of Three Types
of Twins Used in the Scudy

M Age M Age al M Age a
When Ssudied Separacion Reunion N of
Twin Type [years) {manthe) [rars Fairs
Male MEZA Ll 2.5 2.4 -
Female MZA v 4.7 4.3 L]
Total DEA 6.1 13.5 a2 13

(3 male aned 10 Temale)

*The 15 “pair’” of MZA male iwins includes one set of MZA riples.

bality that a DA pair would be concordant on all markers, and thus misclassified
as an MZA pair, is less than 00001,

In addition o the 95 twins who were reared apart, 10 individuals, gither twins
who had been reared ogether or siblings of twins, completed the test battery and
have been included in the comelation data, The full sample of study paicipants
iN = 105) had a mean age of 38.8 (5D = 11.4).

Information Frocessing Battery

The information processing battery consisted of three principal tasks: the
Posner letier identification (Posner, Bodes, Eichelman, & Tavlor, 1969), the
Sternberg memory search (Stermberg, [969), and the Shepard-Metzler cube rota-
tion (Shepard & Metzler, 1971),

Posner Letter [dentification

In this task participants indicated whether two simulianeously presented Jet-
ters were the same or different under each of two conditions, In the first, or
physical identity, condition, participants were instructed o respond “‘same””
only if the two letlers were an identical physical match for each other, such as
AT and A" but nod A" and “'a."" In the second, or name identity, condi-
tion, participants were instructed to respond ““same™ only if the two letters had
the same name, Participants were first given 16 proctice and 30 1est irials under
the physical entity condition, and second 16 practice and 80 test irials under the
name identity condition, The B rest trals consisted of 5 replicanons of all
posible pair permutations of the letters; a, A, b, B. Dependent variables used in
subsequent analyses were, the overall percentage correct, the mean response
latencies (in ms) under the physical (PI) and name (NI} identity conditions, and
the difference between the mean response latencies in the name and physical
identity conditions (MI-PT}, NI-PQ is thought to measure the sdded time needed o
refrieve the name of the letter from memory (Hunt, 1978}, and is the primary
measure of theoretical interest.
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Sternberg Memory Search

The second experimental sk was designed 1o assess the speed with which
active memory is scanned. The procedure reguires that the participant first mem-
orize a sed of either one, three, or five digits (selected from among 06 95, Afer a
brief pause, a single probe digit is presented and the subject is instructed o
respond “'ves™ if the probe was a member of the memory sel, and “'no’" 1f not.
The task consisted of 15 practice and %0 test trials. The test trials were composed
of 45 keved “'yes™" and 43 keved “'no’" items, with 30 presentations af each sel
size, and each serial position in the memory set being probed equally often.
Subjects were given 45 o memonze the memory sel digitg, For each memory s21
size, the mean response time for the correct responses was caleulated and re-
gressed against the size of the memory set. An excellent fit of the linear model to
data of this type has been reported in earlier research (e.g., Keating & Bobbitt,
1978). The slope of the regression line measures the amount of Gme needed o
sean an additional em in active memory and 15 the pnmary messure of the-
orctical inferest. The intercepd measures the speed of all additional processing
{e.g., encoding, deciding, responding, 2ic.).

Shepard-Metzler Cube Eotation

In the final information processing task, adapted from Shepard and Meizler's
research on mental rotation, & pair of three dimensional Rgures projected omo a
two dimensional plane were presented to participants who were instructed o
respond ““same”" iF the two lgures were the same object shown from different
angles, or “‘different” if the two figures were two entirely different obpects. The
basic set of tems consisted of ) somules pairs, 50 keyved “same™ and 50
keyed ““different.”” The **same™ responses were composed of 5 presentations at
each of 10 angular displacements which ranged from O w 180 deg. in 20 deg
mcrements. Sample figures are given by Lansman et al. (1962},

Ten practice rrials followed by 10 st wials were administered 1o participants
o each of two consecutive days. For the “same™ responses. the medion re-
sponss time for the correct responses was determined and regressed against
angular displacement, The dependent variables used in subsequent analyses were
the slope of the regression of median reaction time on angular displacement, a
measure of rate of mental cotation; the intercepd, a measure of speed of all
remaining processing; and the percentage correct over the 200 tnals.

Payehomerrie Baitery

The psvchometric battery consisted of specihic and general measures of cog-
nitive ability. The tests of specific cognitive ability included selected subtests
from the battery used in the Hawaii study of cognition {DeFries, Johnson, Kuse,
McClearn, Polovina, Yandenberg, & Wilson, 1979), and thres sublests selected
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from the Kit of Factor-Referenced Cognitive Tests (the Identical Picures, Cubes
and Paper Folding subtests; Ekstrom, French, & Harman, 1978). The hifeen
cognitive subtests were selected to represent foor broad areas or clusters of
cognitive performance; verbal reazoning (4 1ests), spatial ability (7), perceptual
speed and accuracy (2, and visual memory (2}, The subtests along with their
cluster identfications are listed in Table 4, The measure of general cognitive
ability used was the Weschler Adult Intelligence Scale (WAILS) (Matarazzo,
1972}, The extensive cognitive assessment of the pamicipants in the Minngsota
Swdy of Twins Reared Apart included additional measures of specific cognitive
abality (subtests of the Comprehensive Ability Battery: Hakstian, & Cartell,
1978}, and peneral cognitive ability (the Raven Progressive Matrices and a
mendification of the Mill-Hill Vocabulary fest; Lykken, 1982) which are mot
reporied on here,

Apparatus

The apparatus for sdministening the information processing measures in-
cluded a subject console, an electromechanical programming device, a Beckman
Universal Timer {model 53200, an amplifier, and a Kodak T30 carousel shide
prajector. The subject console contained a rear projection screen, 455 cm wide
and 3% cm high, positnoned at eye level 30 cm from the subject, Slides were
presemted by a shide projector placed behind the screen. Directly in front of the
screen lay a response pancl consisting of two buttons 14 cm apart labeled
same/ves and different/no as appropriate 1o that rask

FProcedure

The psvchometric battery was, in large part, administered prior to sdministra-
tion of the information processing battery. The laiter was administered on iwo
consecutive dayvs, See Bouchard et al, (19810 for a typical assessment schedule
for a pwr of twins. The order for administering the information processing
battery was the same for all siedy participants. The Posper physical identiny
condition was administered first followed by the Posner name identity condition,
the Sternberg memory search, and, finally, the Shepard-Metzler cube rotation,
All information processing tasks except the second administration of the cube
ridation were administered on the first day (approximate testing time of 90
min). The secomd 100 tnals of the cube rotation were administered on the
second day (approximate testing fime of 30 min), Pamicipanis were given
brief rest periods between experimental tasks, Each trial began with a blank
sereen. Approximately onc half second before slide presentation a tone would
sound to signal the subject, The interval between response and onset of the next
rial was 3 5 Participants were insiructed o keep therr hands resting on the
response buttons, and to respond as quickly as possible withour sacrificing the
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acturacy of their responses. The response buttons were labeled to insure that the
positive response was keved to the subject’s preferred hand, All responses were
recorded in ms. Due to scheduling conflicts that sometimes arose during the
week long assessment, every parlicipant did nol complete all psychometric and
information processing tasks. Analyses and summary statistics were based on all
avalable information for that vanable,

Ecoring

In calculating summary measures for the information processing tasks, only
latencies for the correct responses were used. Both the Sternberg and Shepard-
Metzler required the fitting of a regression equation individually for each subject.
The equation fit was:

y=a+ bx

Where v was the mean response time for the Sternberg and median response tims
for the Shepard-Metzler, and x was the memory set size for the Sternberg and
angular displacement for the Shepard-Metzler, The slope, b, and the intercept, a,
were estimated by minimizing a weighted least squares criterion, the weights
being equal to the number of correct responses upon which either the mean or
median was caloulated.

As the existence of substantial age and sex effects for many of the variables
could lead 1w overestimation of both the degree of twin similarity and the magni-
twde of the correlation between fest scores (MoGue & Bouchard, in press), all
variables were adjusted for the effects of age and sex prior o estmation of
correlations. For the subtests from the Hawaii battery, scores were age-—sex
adjusted wsing results from the regression of age and age? on test score fit
separately for the two sexes in a large normative sample (Kuse, 1977). For the
remaining variables, all available data was used 1o estimate the coefficients in the
regression of test score on age and age? fit separately for the two sexes. These
coefficients were then used to define the age-sex adjusied scores,

RESULTS

Descriptive Characteristics of Responses o Information
Processing Tasks

Descriptive statistics for the responses to the information processing tasks,
uncorrected for the effects of age and sex, are given in Table 2. For the Posner
letter wlentifcation, there 15 a high percentage of comect responses. The mean
response latencies under both the name and physical identity conditions are
comparable 10 those repored elsewhere (Hunt, Lunneborg, & Lewis, 1975;
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TABLE 1
Means and Smndard Devistions for Informatson Processing Measures Derived
Framy e Posier, Seermberg, and Shepand-Metzler Tasks

Wariahle N M 5D

e _—

Pagner Lever Idennficarion

T Compect L] 6.4 14
Physical [dentity (ms) (Pl o G058 [0
Rame Idennty (msp (M1 T a8 4 1343
MI-PI {ms] ] E1& 1133
Sernberp Memary Search
F Conrect o5 Q7.0 il
Irsercept Positive (ms) 95 471.0 a2
Slope Positive {ms) L il 57.0
Croerelation Posstive Q5 Qg 057
[mgercept Megative (ms) 5] §17.9 164,77
Shope Megative [ms} o5 T4 s
Comelation Megative G5 Rt 165
Fhepard Metzier Cube Ronsticn
% Coarect W7 ™ 159
[etercepl (ms) ol 277R0 (B
Slope {ms) i ] nE 17
Coerelation b £ 144

Lansman et al., 1982), while the mean MI-PI difference iz within the range
typically reported for college students and young adults (Hunt, 1978; Lansman o1
al,, 1982,

As with the Posper, there is a high percentage of comect responses on the
Stemberg memory search task, Az there existed a signmificant differende in the
average response latency between the positive and negative ilems, slopes and
intercepts were estimated separately for the two rvpes of ilems, The average
imercept values are comparable to those reported by Chiang and Atkinson
(1976}, although the average slopes here are much greater than the average slope
of 43,0 = 3,65 reported by these rescarchers for a sample of 30 Stanford
undergraduates. This discrepancy could be due, in part, o age differences be-
tween the two groups (the comelations between age and slope based upon
positive or negative items were (139 and 136, respectively), and/or the fact that
we were working with a predominantly nonstudent sample, The average comela-
tions for the fit of the lincar model were high for both iypes of items, supporing
the adequacy of the linear model.

Consistent with its greater difficulty, the average level of accuracy is much
less for the Shepard-Metzler cube rofation than for either the Posner or Stern-
berg. Individual slopes and intercepts were estimated only for those participants
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TABLE 3
Inercvrrelations Among b Ape-Sen Adjusted Infirmuarion Processing Measures and Estimates
of Imsnermal Coesisency Reliabiliny

Varable 1 d k! 4 5 & T 8 N LU B B

Pogmer Lomer {denrificaion

. % Cormct

1Pl It

1. NI 25 e

4. MWI - Fl 05 =54 37
Serrmherg Memory Search

2. % Coreect e Y e 4

G, Inberoept Positive P N 1 B | B L

T. Slop: Posilive B L T 1

% Intercepe Megative 28 51 & -6 - & M

9. Slope Kegative B L Y . B ¥
Fhepard Metzler Cube Ronmtion
161, % Carfect a0 -0 0 1F —0s —-m 0F -7

1. Ietervept 1 Y . TR (L | Y K ¢ e L My —22

12. Slope A4 0 -08 -0 M -03 01 02 =07 M 24
Tmdernal Consimteny

Relimbiliey A BF B B8R 42 W MW @ nG W

lalicized correlalicms, absolute valpe greater than or egual 1o .17, are sigmificamtly different
from meru al @ == 035 Sample soes for miercoerelations renge froe 900 97, and equalled 35 for the
mezsurement af internal consistency relishilaty.

who performed significantly better than chance (3 male and 4 female protocols
were deleted). The average slopes for males, 17.00 = 2,43, and females, 26.7 =
2.41, are comparable o those reported by Tapley and Bryden (1977) for a
college sample; male mean of 15,7 and female mean of 21.0.

Reliahifity

Split-half reliabilitics were calculated on a subsample of 55 individuals, An
odd—even split of item responses was made, relevant indices computed on the
two halves, the two measures cormelated, and relighility estimated using the
Spearman-Brown prophecy formula (Nunnally, 1967). The estimated reli-
abalities are given in the last row of Table 3. The internal consistency reliabilities
are quite high, consistent with those reported by Lansman et al, (1982), and
comparable o those typically reported for psychometric tests. For the psycho-
mieiric tests used in this study, the average coefficient alpha, o measure of
internal consistency reliability, estimated in a large normative sample was, ap-
prosimately, (86 (Kuse, 1977, Wilson, DeFries, MoClearn, Yandenberg, John-
son, Mi, & Rashad, 1975).
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Correlatipns Among Dformanion Processing Measures

The intercomelations among the age-sex adjusted information processing
variahles are given in Table 3. The largest commelations are between variables
which prmarily measure speed of response regardless of content {i.e., between
Fl. Kl. and both Sternberg intercepts, although oot the Shepard-Metzler inter-
cepl). The intercorrelations among those components which primarily measure a

TABLE 4
Correlations Bstween Psychometric Test Scores and Posner Paradigm Reacrion Time Measures

Reaction Time Micasures

Physical Mame
Hennty |l]l2n[‘ll:|l
Ahiligy & Correct iPly (M ML
WERBAL REASCHNIMG
Wocahulary -.05 —. 15 — Jgee — . 18
Pedigress -2 - 250= - Apn - 19*
Word Beg, & End. LI - Xi* Al —. &
Things -7 Y- - = - A
M =R a1 = Jgre A5
SPATIAL ABRILITY
blental Rogations Al L L 13
Linegs arad Dials a7 = & = M .14
Card Rolaiwns Al -.12 - A1 Nk
Hudden Parerns -2 -7 - 21" - .00
Faper Form Haard Al = 19 -~ 17 A
Cubes L] - &k — 24F= 113
Faper Faiding a2 A5 ~ 20" —
M 4 -.15 - 12 [
FERCEPT L AL SPEED
AND ACCURACY
Subcraction and
Mulniplicanon it = JjeeE - A i
Ideniscal Fictmres oz B L — . Bgwe L
M 2 — Xirw o T oz
WISUAL MEMORY
Immediae a2 -.10 - (8 R
Dy Al a7 -0 -0k
M a2 — K — (R g
WALS 10 = - Fpew L. = —.12

Mare: N = 90, All varishles are mpe-sen adiested
o R
“hp oz 00
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specific component of information processing (1.2., MI-Pl and the three slope
measures) are low, although in some cases significantly greater than zero, A
principal components analysis of the intercorrelations among the information
processing measures is discussed next.

Correlations Between Povchomerric Tests and Information
FProcessing Measures

Posner Letter Identification

The correlations between the psychometric tests and the Posner measures are
given in Table 4. As expected, the NI-Pl difference comrelates negatively with
psyvchometnic measures of verbal ability. The average correlation betwecn MNI-PI
and the verbal ability subtests if —. 15, Although this was highest of the four
cluster averages, it is lower than the comealtions of — .25 o — .35 which have
been reported elsewhere (Hunt, 1978; Hunt, Davidson, & Lansman, [981).

Surprisingly, the individual NI and PL reaction times correlate more highly
with verbal ability scores and WALS 1) than does the NI-P1 difference. On the
average, M1 and PI correlate as highly with psychometric measures of perceptual
speed and accuracy as with measures of verbal ability; their comelations with
mieasures of either spatial abality or visual memory were usually small, although
i the former case sometimes significantly greater than zero. For verbal ability
measures, the correlations with NI are consistently higher than the correlations
for PL, while for all other ability clusters the correlations with the two compo-
nends are comparable.

Sternberg Memory Search

The correlations between the Stemberg individual difference parameters and
psychometric test performance are given in Table 5. The largest correlations are
found between the information processing parameters and subtests in the verbal
reasoning cluster, especially Pedigrees, and WAIS 1), The correlations with
WAIS I} are homogeneous across the two slopes and two intercepts, and al-
though the slope parameters tend to be more highly comrelated than the intercept
parameters with measures of verbal reasoning, this difference is slight and nog
stafistically significant. The only remaining significant correlations are with the
Subtraction and Multiplication, but not the ldentical Pictures, subtest of the
percepiual speed and accuracy cluster, and with two subtests i the spatial abality
Cluster,

Shepard-Metzler Cube Eotation

The correlations between the Shepard-Metzler parameters and the psycho-
metrc ests are given in Table 6. As expected the highest correlations are within
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TABLE %
Correlatmans Beraeen Payehometr Test Scores and Siemberg Paradigm Reaction Time Messanes

Resction Time Mensures

% Intercepr Flope Infercepd Slope
ABILITY Corregt Poairve Parinve Negauor Mipanive
VERBAL BEASONING
Vincabulary =19 — Ak =1 = —. 16
Pedigrees 03 . I ] b F i - X7
Word Beg. & End. == - 16 — D i — 18*
Things =7 ] =11 —.13 =&
M =.15 =.15 = 11¥ =. 14 = 9%
SPATIAL ARILITY
Murmtal Rotations L] A1 1 A2 4
Lines amd Diats 1] i 06 - =1l
Crnd Blolalmons il = — (8 L - .
Hiddem Palerns 0 05 UK - 16 =l
Paper Form Bosrd i - 3 -8 iz
Cbad =03 = 9% =. 10 =.14 =11
Paper Falding i’ —.1& —~ i -5 -7
M il - 7 - — W -1
PERCEFTUAL SPEED
AND ACCURACY
Subtraction and
Mulriplscaizan NI =12 = 19+ =_|B* =14
Mentical Plenses - —.[H - — (M -5
M =03 =11 =. 12 =12 =.15
YISUAL MEMORY
Immediase - 012 03 ] M 0T
Delayed )] 0% -1 — (2 -7
M 2 M3 — .0 —.i03 LY
WAIS 10 -1 - Mg = ¥ = H*e = _Fpes
Nare: N = 95, AH varables are adjusted for the effects of age and sex.
*p < 8
o L |

the spatial ability cluster; the percentage correct was significantly correlated with
six of the seven subtests, the intercept with all seven, and the slope with three.
Mental Eotations, which is composed of items equivalent in their stimulus mate-
rial to those used in the experimental cube rotation task, 15 significantly come-
lated with percentage correct (¢ = 47}, intercept (r = —_40), and slope (r =
—.26). This is consistent with the results of other investigators who report
significant and substantial correlations between reaction tme measures and psy-
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TABLE &
Comelmions Beiween Psychameiric Test Scores and Shepard-Metzier
Paradigm Hescron Time Measures

Rezacison Time Measires

B ————

=
ABILITY Liarree Infercepr Sl
VERBaL REASOMIMG
Vocaluilary 23 b .z
Pedigrees e — 35w — %
Wond Beg. & End. 14 — (H ¥
Things A1 A3 R
M 2 —=.2* .ol
SPATIAL ABILITY
Wemial Rotations 4T — A — My
Lianes and Dials 15 . ol L
Card Folalion: L = X2 — .0
Higkden Faterns Aee — kg 4
Paper Form Buard Q= — KR** -4
Cubes A= — 45w — Xk
Paper Folding S e - 0T
M LAge —. X7 —.12
PERCEFTU AL SPEELD
AND ACCURACY
Subtractios and
Multiplication L1 a1 A3
Identical Picpares 11 — 4 e
L A -3 =10
WiISUAL MEMORY
Immediate mL g i
Delayed 12 —.15 A4
M 14 it L ]
WALS 10y g — K> i
Mote: N = M All variables are adfusied for the effects of age and sex.
L
TJ-F == Al

chometric st scores which share common stimulus material (Berg, Hertzog, &
Hune, [982; Lansman et al,, (983,

The intercept, but not the slope, parameter correlates guite highly with WAILS
e = — 31, and two of the four subrests in the verbal ability cluster (%ocabu-
lary and Pedigrees, r = —. 27 and — .35, respectively). As with the Stemberg,
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we find significant correlations between reaction time measures and one of the
two percepiual speed and accuracy subtests, although in this case it is the ldent-
cal Pictures subtest which demonstrated significant correlations with both the
intercept (r = —.46) and the slope (r = =.32).

Principal Components Analysis of the Information Processing Parameters

To investigate the basis of the covariation among the information processing
megsures, 3 principal components analysis was performed in 4 subsample of 84
individuals who had completed the entire information processing battery. Eight
age—sex adjusted vanables were apalyzed; hoth slopes and imercepts from the
Sternberg, the slope and imtercept from the Shepard-Metzler, the NI-P1 dif-
ference, and, because including NI and P along with their difference would lead
o a singularty, the sum of NI and Pl (here designated NI+PI). A principal
components analysis with varimax rotation identified three components with
eigen values greater than one which accounted for 67.4% of the total variation.
The first component, accounting for 29.8% of the total variance (eigen value
equal to 2,39, loaded highest on the two Stemberg intercepts (loadings of 0,911
and 0.9 for positive and negative, respectively), and NI+Pl (loading of
0.476); oo other loading exceeded 0.20 in absolute value, The first component
appears 1o reflect overall speed of response when using overleamed stimuli (i.e.,
letters and pumbers), This overall speed of response includes components due to
speed of motor response as well as the speed of vanious cognmitive processes. The
second rofated component, which accounted for 20.8% of the tofal variance
{eigen value of 1.67), loaded highest on the two Sternberg slopes (loadings of
0.7%6 for the slope positive and 0,831 for the slope negative) and NI-PI (loading
of 0.545); no other loading excesded 0,15 in absolute value, These three param-
eters are measures of the amount of time peeded 1o perform simple, and specific,
cognitive processes in the Sternberg (scan one additional item of memory) and
Posmer {amount of time necded to recall name of a letter from memory ). Conse-
quently, the second component s interpreted as speed of information processing,
The third component, which accounted for 16.7% of the total variance (cigen
value of 1.34), loaded highest on the Shepard-Metzler intercept (Joading of
0.767) and Shepard-Metzler slope (loading of 0.833); no other loading exceeded
0.2 in absolute value. The third component may reflect speed of spatial process-
g and/or method vanance specific o the administration of the cube rotation
task, Correlanions with psychometric test performance, presentied below, indicare
that the former, rather than the latter, is the appropriate interpretation for this
component. For brevity, the three components will be denoted overall speed of
response (OS8R}, speed of informaton processing (5IP), and speed of spatial
processing {55F).

Component scores were generated for all participants who had completed the
entire information processing battery (&N = 34). The comrelavons between the
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TABLE 7
Correlatsons Between Psychometnic Test Scoces and Informaiion Processing Companent Scores
Compoment
Chuerall Speed of Apeed of
Speed af Infarmation Sparial
ARILITY Reaponse Frovesilag Proveqiing
VERBAL REASCONING
Vocabalery =.10 s 16
Pedigrees. = 15 — 3R*= i
Ward Beg. & End. - —.51%= - 012
Things i =14 ki3
M =_1B* = I —.12
SPATIAL ABILITY
Mental Rotatioms Bl .14 — Al
Lines and Dot =19 A0z = 27w
Card Rotstions =03 =03 L
Hidden Paems -7 -.a7 - 1%
Faper Foem Beard =.12 M L
Cubes —. 14 .11 ot Tk
Paper Fodding —. 15 . - 2%
o =.l0 =101 o FL
PERCEFTUAL SPEED
AND ACCURACY
Sebviractwon amd
Muliplication = " = A5
[demtical Pictures —.14 —-.11 — 47
L —.20 —.lh - 13
VISUAL MEMORY
Imaeediane = ik - .08
Delayed =02 —.14 L4
M — —.10 0s
WALS 10 1 bl =12 —.14
More: W = &84, All vanables are adjusted for the elTects of age and sex
g A5
"ﬁ' = |:|'|

three component scores and scores on the psychometric battery are given in
Table 7. O5R is significantly correlated with three of the four verbal reasoning
subtests, two of the seven spatial subtests, one of the two perceprual speed and
accuracy subtests, and WAILS 10). In contrast 1o the general pantem of correlation
found with O5E, SIF was significantly correlated with WAIS 10 and three of the
four verbal ability subtests. The only remaining significant correlation 15 with the
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TABLE B
MEA amd DEA Twin Inrecless Cosvelaticons for Individual
and Campenest Enfarmation Processing Scones

LA M
Twin Pairs Twin Paird
VARIAHLE 1N = 11-13) N = 2E-31)

Posner Lesier [dentification

T Cormict 139 R

I3 ] ol STl

il - 340 it

M1-Fl ATE A8
Siernberg Memory Search

T Coerect LR Tz

Incercepn Posinve —. 500 I

Slope Poslive I3 63

Intercepe Negative =275 AT+

Slope Megative -7 L]
Shepurd-Merzler Cube Botatans

% Craredt ) 0

[ntercep - 122 2dd

Slogpe S0 ]
Component Scores

Orverall Spoed of Response —. 144 Ehlch

Speed of [oformation Processing 208 12%

Spesd of Spanal Processing 13 156

Neww: All variables are adjusied for the effects of age and sex
b

Subtruction and Multiplication subtest from the perceptual speed and accuracy
cluster. S5F also demonsirates a specific pattern of correlation with the psycho-
metric measures. 55P 15 significantly correlated with all seven of the spatial
ability subtests, and only two other subtests (Pedigrees and [dentical Pictures).

Twin Similarity for the faformation Processing Measures

The twin intraclass correlations for all information processing measures are
given in Table 8. As the DZA sample 15 small, the DEA correlations, which are
reporied for completeness, are nof discussed in any detail here. In only one case
out of 15 was the DEA cormelation significantly different from zero n either a
positive or negative direction. The MEA sample, which 15 larger, does provide
sufficient stability of results to allow reliable interpretation.

For those measures which primarly measure overall speed of response (P,
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K1, both Sternberg inercepts, and O5E) we found substantial and siatistically
significant MZA twin similarity. The only other significant correlations given in
Table & are for percentage commect i either the Stemberg (r = . 792) or the
Shepard-Metzler (r = 6200, The magnitude of the former is all the more re-
markable when one considers the low error rine { Table 2) and the modest reliabil-
ity for the Stemberg (Table 3). For none of the components which measure speed
of a specific cognitive process (e, NI-PL, the Sternberg slopes, and Shepard-
Metzier slope) was the MEA correlation statistically significant.

DISCUSSION

This study investigated three related issues: 1) the nature of the relationship
berween & battery of information processing measures and & battery of psycho-
metnc tesis; 1) the basis of the interrelationships among information processing
measures, and 3) the degree of twin simalanny for information processing mea-
sures. Each of these 1ssues is discussed here in turn.

For the Posner, the MI-PQdifference is thought to measure the tme required o
retrigve the name of the letter from memory. Hunt and coworkers (Hunt, Frost,
& Lunmeborg, 1973 Hunt, Lunneborg, & Lewis, 1975 Hunt, 1978), uzing
primarily extrems group designs, hove shown that MI-PL is related to psycho-
metrically defined verbal ability. We did find an association between MI-PL and
verbal reasoning in the present study, although the correlations are moderate (the
average comelation with the four verbal reasoning subtests 5 —.15) and some-
what smaller than those reported by other investigators, Polrock (1977, as
reported in Hunt, 1978) reported a correlation of =, 28 betwesn MNI-PI and verbal
ability in & sample of high ability high school seniors. With university student
samples, Hunt, Davidson, and Lanaman (1981) report a correlation of —.25 with
the Melson-Denny reading composite, while Lansman et al. (1982) found a
correlation (calculated by us using the summary information given) of — .29 with
a wocabulary 1est.

To the best of our knowlkedge, Lansman et al. (1982} are the only researchers
who report the correlations between psychometric test seores and mean response
latency under the name and physical identity conditions of the Posner. They
report moderate, but significant, correlations between NI and PL and psveho-
meetric measures of perceptual speed and sccuracy (Identical Pictures, Finding
A's, and Cancelling Numbers; range of commelations from — .17 10 — M), and
near zerd comelations between NI and PI and psychometric measures of verbal
ability (e.g., the comelations between Vocabulary and NI and P1Lwere — 08 and
+.07, respectively). Like Lansman et al,, we found sigmificant comrelations
between M1 and Pl and psychometnc measures of percepiual speed and acouracy,
although the magnitude of these correlations (—. 29 to = 40 is somewhat larger
than those given by Lansman e al. Unlike Lansman e al., we also found
significant, and quite large, comelations between ML and PL and measures of
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verbal reasoning. Furthermore, W1 is more negatively commelated than is MNI-Fl
with WAILS 10} and all Four verbal reasoning rests. A similar result is also evident
for Pl, which presumably contans no verbal processing component. General
speed appears to be more related o verbal ability than speed of the specific
verbal process measured by NI-PI

Those psychometric tests most highly correlated with the Stemberg slope and
inercepl parameters are also those considered to be referents of general cognitive
ability or g™ (Le., WAIS 1) and Pedigrees, that subtest from the Hawai
batcery on which the first principal component had its highest loading: Kuse,
1977). The slopes and intercepts are also moderately comelated with Subtraction
and Multiplication; 4 psychometric measure of perceptual speed and accuracy
which, unlike Bdentical Pictures which is primarily perceptual, sequires simple
mental processing. The correlations between the Stemberg parameters and the
peychometric measures of memory and spatial ability were near zero. This is
contrary o Carroll’s (1978 preliminary cross classilication of pavehometnc
factors and cognitive processes which explicitly associates short-term memory
processes, such as those measured by the Stemberg, with spatial and memory-
span factors, but nod with verbal ability factors or “g.°

With the Shepard-Meteler, we found that the slope mepsure comelated signifi-
cantly with measures of spatial ability, and, excepd for ldentical Pictures, no
other abiliry test, Monetheless, the magnitude of these comelations was moderate
and significant for only three of the seven spatial ability subtests, Furthermore,
the infercept paramefer was more strongly related to spatial ability than was the
slope parameter, and was correlated nearly as much with WAILS 10 and selected
measures of verbal reasoning as with measures of spatial abality.

The nature of the relationship between the information processing mepsures
and psychometric fest performance becomes more coherent when considering the
results of the principal components analysis, The Drst dentified component was
a peneral speed factor nof unlike the general cognitive ability Factor wsually
found when Tactoring psvchometric tests. This general speed component ac-
counted for a large proporion of the vanance in the mformation processing
measures, and showed a consistent pattern of significant correlations with psy-
chometric measures of general cognitive ability, verbal reasoning, and percep-
tual speed and accuracy. The second identified component appeared to be specif-
ically involved with the theoretically derived measures of cognitive processing in
the Posper and Stermberg tazks, This component, which we denoted speed of
information processing reflects, perhaps, speed of memory processing, and
shows a differential pattern of correlation with the psychometric fests, It is
significantly correlated with measures of general cognitive ability and werbal
reasoning. The final component was specifically involved with the spatial pro-
cessing measures and correlated significantly with measures of spatial abality and
the Identical Pictures and Pedigrees subtesis. Mote that Identical Pictures, al-
though a measure of speed, s composed of figural or spatial items,
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There i= much evidence for substantial twin resemblance on psychometric
mieasures of cognitive ability such as those used here (Michols, 1983), and, in
part, the basis of this similanty appears o be due o the genetic or biological
simalarity of the twins (DeFries, Yandenberg, & MeoClzam, 1976). Here we have
reporied resulis for twins who were separated early in life. As these twing have
had little exposure to each other and the magnitude of selective placement ap-
pears 0 be minimal (Bouchard, Lykken, Heston, Ecken, Tellegen, & Got-
tesman, 1984}, whatever resemblance that we observe could be attnbuted, n
large part, to genclic effects. There was significant twin similarity only for those
information processing measures which reflect general apeed of response. For
those measures which assess rate of specific cognitive processes, the measures of
primary theoretical concern in the paradigms used, there was essentially no twin
resemblance. These results are not consistent with Hunt's (1983} notion that
biological differences will have their greatest influence upon measures of the rate
of cognitive processing.

The results reported here support the existence of a general speed component
underlying performance on most experimental cognitive tasks which iz strongly
related to psychometric measures of “g,” and for which there are substantial
genetic effects. Although much of the relationship between payvchometric test
perormance and processing speed may be attributed o the relationship between
this general speed factor and ‘g." we did find evidence for a second component
which loads on measures of the rate of specific cognitive processes, which was
specifically associated with psychometric measures of verbal ability, and which
appeared to have limle of no genetic basis.

O resultz support Sternberg and Gardner’s (1982) recent interpretation of
the 10} and information processing literature, We quate therm at length; A result
that a1 first glance appears most peculiar has emerged from many of thess task
analyses . . . The regression intercept, or global “constant,” often turns out (o be
as highly correlated or more highly comrelated with scores from 10 tests than are
the analyzed parameters representing separated sources of variance. Since the
constant includes speed of response, e.g., button pressing, one could inlerpret
such resulis irvially az indicating that motor speed 15 an essential ingredient of
intelligence. A more plausible interpretation, and, &s it will turn out, one mone
consistent with the bulk of the data, is thai there are cemain constancies in
information-processing tasks that tend o be shared across wide vanations in item
tvpes. We suggest that the search for the general componeniis) and the search for
the general factor are one and the same search—that whatever 1115 that leads to a
unitary source of individual differences across subjecis also leads to a unjtary
source of differences across stimulus fypes,”" (Stemberg & Gardner, 1982; pp.
232-233).

There is remarkable convergence of results from the analysis of information
processing parameters and the analysis of psychometric st performance. This is
explicit in Sternberg and Gardner's discussion of the general factor cited above.
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We, a5 well as Lansman et al. (1982}, present results which support the existence
of a verbal-spatial distinction for information processing measures much like the
distinction found with psychometrc tests (e, f, Vermon, 1961}, Ivis likely thar, as
additional reliable and valid information processing tasks are developed, a strong
isomorphism between the two domains will be found,
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