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The Effectiveness-of Mental Rotation and Visual Scan Tasks

in Assessing Individual Differences
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I ”T'he 1ong-5t;:m goal of this r?seardl is the' deve_lopmenf of/
. ; a cognitive test for the early detection of premorbidity in indivi-
duals at-risk, f;r Huntington's disease. Any test for. this purpose
must be well standardized on a group of normal, untrained subjecvz |
.1t is the immediate goal of this study to describe individual dif-
ferences in performance in naive normal subjeéts in a task involving
spatilal abilities, namely, mental rotation (£he Shepard and Me1‘:z‘ler_
(1971) paradigm), and in_a task involving se%ective alltt‘én;:icb)n;
namely, visual scan (Neisser, 1963). Perfomm\ce‘was assessed
e across apriori defiped {ncreasingly difficult conditions within each
paradigm for each subject in order to partial out nonrelevant dif-

!

ferences in performance. - Because comparisons of the normal group

( o will éventually be macie with a neurologic group, qubjects in this
study were administered a neuropsychological test battery. While

mr T | 70% of thg subjects had no trouble rotating letters, oﬁly 57% were

s able to adec_luately perform ILBntal rotation on 'ghe 3D figures. Fewer

_ : subjects still (35%) showed mental rotation when one of the 3D

E figures had to be held in memory. S};stémtic scanning was‘ found

[

g . both when lists contained 4 letters per row and 8 letters per Tow,
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_and especially when the task demanded search for /a row in yhich a’

critical letter was missing (over 75% of the subjects scanned sys-

temat1ca.1],& in "absent” lists). Furthemmore, with respect fo in-

> I .
~dividual differences, consistency in performance within subjects

was maintained for man): individuals across task difficulty.-
Furthemo}ﬂe, it tui'ned out that how well a subject did acrdss the
tasks within each paradlgm was related to his Jomt Vision aubtest‘
score plus Memory subtest score on the Luna-Nebr&ka Neuropsy-

chological Test Battery. In partlcular, the relatlonshlp between

at‘fhe number of tasks in the mental rotation paradigm completed to.

critérion and the Luria subtest score was significant ()(2 = 14.261,
df = 3; p4&.003). Our attempt to demor;étrate an a_ssbciation between
the visual scan task and the. Luria suBfl;est scores unfortunately only®

yielded inconclusive findings. These results at least showed that

,we were ori the Wlt track and gave us confidence to procéed with our

research plan.
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"....Hntington's disease has been called "diabolical"
because it affects both mind and body. ~ At first'a patient may
merely seem to be clumsy, but~movements.later become uncontrollable.
In addition, the patient may become forgetful and irritable, or
withdrawn, until finally memory and reasoning are gone..... "

&

‘

v+  (The Gazetté, Thursday, Apgus‘q 16th, 1§79)
Huntington's disease (HD) is an '%n}}e;'ite‘d neurqlogical '
disorder in which a mutant gene is responsible for progressive
dggeneraticm within t}}e basal_ganglia-éxtrapyramidal moto*z: syst;m
and within the cerebr“al cortex, most prcxninerifly' in the fro;xtal
\regions (Barbeau, 1973; Earle, 1973; Klintworth, 1973; Forno and
’José, 1973). The disea;e is characterized by abnommal, exaggerated,
involuntary movements, or chorea; by a serious affectivé break-
down often involving suicidal tendencies; by mental deterioration
‘referred to as dementia; and finally, by early death. Reports
"~ have it that the mean age at death is between 52-54 years while
.'the avérage duration of the illrles‘s is around 15 years
(Myriant}}opoulos, 1966; James, Mefferd and Kil;lbell, 1969). The .
disease has an autosomal dominan’t mode of genetic tran'smissionﬂ
signifying t};at each offspring of an HD gene-tarrier has a 50-50
chance ‘of inheriting the disorder. Hence aill offspring/are
considered to be "at-risk'" for the disease. Inheritance is the ’
main culprit of the .disease prevalence since the(mutatio'n rate

to this atypical state is extremely low (Myrianthopoulos, 1966;

Paulson, 1976). In his original paper on HD in 1872\, George

N
u

&
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- Barbeau, Chase, and Paulson, 1973).
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Huntington described the inheritance laws of the disorder in this

v&ray: '".... When either or both parents have shown manifestations

of the disease.... one or more of the offspring almost invariably
suffer from the disea%e, if they live to adult aée; but if by
chance these children go through iife without it, the thread.i\s
broken and tghe grandchildren and great-grandchildren of the

original shakers may rest assured that they are free from the

- disease... Unstable and whimsical as fhe disease may be in other

.~ Tespects, in thiS it is fimm, it never skips- a generation to

manifest itself in another...." (Huntington, 1872, cited in

. '
Another major chayacteristic of the disease is that :che,

symﬁtoms only become manifest around middle age. Some reports

give 35 years as the average age of onset of clinical symptoms

* ( Bell, 1934, Panse,‘1942; Reed and Chandler, 1955) and scme‘give

44 years of age (Wendt, 1959; Lyle and Gottesman, 1977) with a 5
standard deviation of 12 years. On the basis of these statistics,
the period of greatesf risk can be calculated to range from around
23-32 years of age to approximately 47-56 ‘years of age. The

delay in symptom manifestation until some time around or after the

child-bearing years causes- the question of uncertain genetic

transmission of the disease to hand over the head of every at:risk
person.
Any variance in the manifestations of .the disease, such

as in age of onset, rate of progression, pattern of symptom onset,

types and severity of symptoms, may all be accounted for by the.
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-~Adam, and Greenfield, 1973). It also accounts for the two

N

different phenotypic expressions of the gene (Goodman, Ashkendzi,

Y
variant and somewhat less prevalent forms of HD - ‘the Westphal

' form' found ‘mostly in young adult cases ?f HD (average age of 3
22.5 years) and charac:terizéd by rigidity and akixlesia, and
demenfia; and the childhood form also characterized by rigidity
and akinesia as well as by tremor and qseizures (Myrianthopoulos,
1969) - _ | ; L

At present there is no remissive therapy. }Vhile .

A

ameliorative treatment of the chorea is still in "the experimental -

(Y

stages, 1t$has been found hat the affectlve symptoms respond
well to the familiar anti- sch.lzophremc and anti-depressant

drugs (Ringel, Guthrie, and Klawans, 1973; Barbeau, 1973; James,

Mefferd, and Kimbell, 1969; Chase, 1976; Whittier, 1969; Waszczak

and Walters, 1979; Perry, erght Hanson, and Macleod, 1979).

A recent report. (Saturday, October 7th, 1979) in the
Montreal newspaper the Gazette c1ted 25 ,000 as the estmated
number of people in North America afflicted with HD and another
approximately 75,000 are estimated to be at-risk (The Gazétte,
August 16th, 1979). ’ |

Despite the currént lack of treatment, early detection

-of the gene ‘carriers from among the at-risk individuals is not -~
, .

. without benefit. Being labelled "at-risk" for the major portion

of one's life certainly has handicapping cénsequence§, which, if

. a means for early prediction of diagnostic outcome could be"

. r
devised, could be prevented. Prediction of premorbidity would
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also have;same positive iinport. For example, the reality of the
b ' . e . B

4 . "V for genetic -guidance,~15§}{chologica1 support, and financial
security. Furthermore, ‘because the onset_of HD can be so insidious

-and -can undermine behavior in such a variety of ways, at-risk’

» v ®

individuals are all too often, in the early phases'.lpf the disease,
'misdiagndsed as schizophrenicl, élcoholic, or brain-damaged
(Bﬁ:yﬁ, 1973; Buxton, 1976(). Sdme measure of assurance of the;-_,‘
- " ./.-presence of th_e HD g%ne’béfore the actual a“ppearancewof\xthe’,_ |

4 qharacterist\ic S);r;xpi":oms couid guard a.gainét early diagnostic
confusions. James, Mefferd, and Kimbell (1969) point out that

7 o

' ' ﬂpredi'ctive assessment would be extremely impdrtant in‘ the case

{

. 4
. that should a remissive tream/eribycme available, it would be
o P N . ‘

° v crucial to begiﬁ selective therapy on premorbids before further

4

;
1 .
‘ i . -brain damage can take place. From a strictly experimental pers-

R o . . .
pective, early detection research is one way to get a closer view'

@

of the source and patfern of the degenerative process‘. o

Because facts conceming the action of the HD gene are

not yet available, early presymptomatic identification necessarily
. depends upﬁori,the validity;of a very important ass’umption. .The.-

rationale for this premise is that since the disease is progressive,

it _may' be understood that neurological changes begin to ‘occu‘r in

>

“ the brains of HD gene carriers long before clinical symptoms

‘become overtly manifest. In other words, it is assumed that the

- ~

disease does have an insidious onset and does not result fro.z'n a
/ . . - -

. sudden triggering of the gene action. The above statements are

» o
‘

~ fact may lead o the instigation of direct and 'real' prograi_ns o
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» 1976) indica;:e furthermore that psychometric-indices cap be

-

not unwarranted in the light of some-as yet unvalidated studies
w"itJh at-risk individuals. On measufe‘s such as eye movements.
(Petit and Milbled, 1973), motor control (Falek; 1969; Falek
and Granville, 1962; Myers and Falek, 1979; Petajan, :IarcHo,
and ’Ihuman, 1979), L-dopa loading (fl,awans Paulson, Bmgel
and Barbeau, 1973}, dermatography (Koepper Whlttler and Korenyl,
1969/) electranyography (Baro, 1973), as well as ‘in psychologlcal
tests (Goodman, Hall, Terango, Perrme and Roberts 1966 Baro,
1973), deferences in the at-risk samples are evident. Two

validated studies (Lyle and Gottesman, 1977; and Lyle and Quast,

ﬁredictive. At the present time, physiological, genetic, and
psychological means of early .detection are ,beifg \rigorousfy' .
researched (Perica]é-Vance, Conneally, Merritt, Roos; Vance, Yu,
Norton, and Antel, 19j'9; Butterfield and Markesbery, 1979;
Neophytides, Di Chiro, Barron, and Chase , 1979; Bala Manyam,
Hare, Katz, and Glaeser, 1978). v

et m————_ i
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AL . Chapter 1 - : " i
‘ ca Introduction v
" . . : "
The development of a me€ans of early detection of HD -

- -, {
gene carriers via psychological or cognitive parametéfs of brain

\
,
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function is the long-temm goal of this research. There are,
however, a number of intermediary slt%j)f investigation that
C o need to be completed first. The first stage is to try and des-

cribe or define as accurately as possible the pattern and nature

\r " of the c\ognitive degeneration ‘in-HD individuals‘ and those at-
risk. From here, the second step is to selegt a test which will
be the most efficient and precise in assessing the impairmehts .

characteristic of HD. This test must then be standardized on .

s TR
- \

nommal subjects so that test outcomes can be said with confidence
to be consistent .despite individual differences. This analysis

, . is ‘particularly important because it will provide information , -

»

= concerning t‘he ~sub1etyjmd strength of the resultant test measures.
It is with these preliminary stages. of early identification "
¢ research that the present study is concemed. - Future papers hope K
. / to report on the subsequent phases of the pniject riamely, the o ) ‘. . ’
testmg of at-risk md1v1duals and HD patlents as we11 as numerous ‘
+ control groups, and vahd;lztlon through a l‘ong-tenn follow—up'
report. Controls, such as Parkinson's disease pati‘ents, Korsako;ff's

syndrome patients, schizophrenics, and patients with related




L

basal ganglia di'lsorders' such as Alzheimer's disease are necessary

to éef:}ne the selectivity of the test. The expected results
" within the at-risk group is ideally a bimodal distx/'ibution of
test measures upon which the follow-up study on the at-risk
individuals, at some time in the future when diégnostic outcomes
can be detgrminedr (10-20 years. hence), ‘;:i/ll be based, ‘These data
"~ will then provide information helping to specify the area of

L]

brain function and/or mechanism(s) of cognitive ,processing which
']

. " can reasonably be said to be e@ther fully or partially resiaonsib"le‘
for the abnormalities observed.
To begin with, an examination of the trend¢ and rec;enf
findings on the nature of the dementia or more properly the pre-
dementia state of individuals with HD and those at-risk is -

L

presentéd.

o
-

' : Earlyr clinical and (amecdotal reports on-HD stressed the
jprogfessive nature of the disease that works on the int\eg'rity
/" of both the mind and body. Hmthgtm71872) described it as
"...increasing by degrees and often occupying years in,its devel-
opment , until the hapless sufferer is but a qui)rering wreck of
his'former self." Waters in a paper in .1841 said: "This,derange-
ment of rfmscular a;ction is by no means uniform; in some it exists
to a gr‘gz’ate.r in others to a less extent, but in all cases it h
gradually ir;duces a state of more or less perfect dementia."
Through this early émphasis of the prdgression to complete
»deter/ioration, the term 'dementia' - the "ccmplete/ breakdown in >

intellect and personality’ (Miller, 1977, p. 6-7) became identified
' ' /

M [

4 /
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~ with the HD syndrome. Hav.ing become associatéd with dementia, )
D fblir{d itself classified as one of the presenile dementias ‘
along with other progressive dementing disorders such as o
Alzheimer's disease and Pick's disedse (Boll, Heaton, an;i Reitan,
1974). Categorized as a 'pré'senile" syndrome,h it be_came—of
interest to fipd out whether the dementia of HD was similar
(perhaps not 1n degree) to the senility of old age In /a recent
study on this issue, Aminoff, Marshall, Smith, and Wyke (1975)
compared the performance éf '11 HD patients with data from a
previously published set of scale scores of a group‘of ﬁo;1na1
aged subjects on the Wechsler Adult Intellige}lce Scale (WAIS).
There turned out to-be a high positive correlation between the
pattern of mean WAIS scores of the chofeic subjects and those of
the aged controls over the various subtests of the WAIS with %:he '
HD group oBtaining lower scores on the whole than the aged group.
» In ‘gddition, they ?.léo specifically tested the immediate memory
of 10 healthy but elderly subjects and the same HD subjects using
.the Corsi's block tapping test which is a nonverbal analogue of
the digit span test; digit ‘span forward; and immediate recallﬂ ‘o’f
objects and drawings. They jf?md a significant correlation between
1Q and Eanposite meniory scores for both groups indicating that
memory was not spec_ifié:ally more impaii*ed in HD. ‘In general, they
c'cncludédvfrom their data that though the HD group did worse on
all tests ‘than the aged group, the overall dec]:ine in intellelctual
performance seen in \aged subj ects was indeed qualitatively similar

to the pattern of impairment found in HD patients.

J
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It soon’ becéame apparent as research on the preéeni]fe
syndromes progressed that each one had .its own distinguishing"
: charac;eristics, giving di:egnosis a boon. Reports (Aminoff,
Marshall, Smith, and Wyke, 1975; McHugh and Folstein, 1975) stated
that in all of the presenile dementias (Alzheimer's disease, -

Pick's dise_‘asea Jakob-Creutzfeldt's disease...) except for D,

the dementia is either accompanied or preceeded by focal neuro-

-logical signs of specific cortical brain-damage such as agnosia,

' N .
apraxia, and dysphasia. Furthermore, it was pointed out that |

"HD p;at-ients are unique among dementia VQJ:S in that they seem
'always_ to“rema/in oriented to time, place, and person te the
extent even of retaining an uncanny insight into their own con-
dition (Bruyn, 1968; Aminoff, Marshall, Smith, and Wyke, 1975).
Because of the; distinctiveness of HD, particularly the absenc®
of specific cortical pa;/thoiogy, McHugh and Folstein (1975)
believe it advantageous to stress the notion that HD is more of
a ""subcortical dementia syndl.'ome" than 'a "cortical degnér_xtia
syndrome' as in the case of t};e other progressive dementias.

Further delineation of the nature of the intelle,ctuél
decline in progressive neurological syndromes was achieved whén .
researchers began administering neuropsychological test batt‘eries
which are designed to evaluate thé organic integrity of brain
functions (Boll, Heaton, and Reitan, 1974; Norton, 1%/5)~ Boll,
Heéton, and Reitan (1974) were the first to follow suit with HD.
The study was carefully des.ig'ned to cover the .main areas of

""human - adaptive functioning'. in order to maximize the possibility
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of detecting the presence and absence of focal defi-cits. « It was
hoped that the results would provide a patt‘ern. or nrofiie of

neuropsychologlcal performance unique to HD. They tested 11 HD
patients and 11, normal ‘controls matched for age (HD = 46.9 years

and NC = 46.5 years) and education (HD = 12.2 years =and NC = 12.1

‘years) on thetWefchsler-Bellew’me Intelligence Scale', the Halstead- -

k4
"

Reitan r\?ezlropsychological Test Battery, and the Trail Making Test.
Together these tests covered 10 categorie$ of cognitive ftihctioning,

namely, 'l) motor 2) motor plus problem-solving component 3)

¢

problem-solving plus some motoric canpon!ent 4) verbal 1nformatlon

' storage and retneval 5) simple and camplex auditory perceptlon

.

6)" memory and alertness to incidental stimuli 7) attention and
concentration 8) visual and auditory alertness plus a problem-
solving element 9) concept formation and flexible thinking 10)
overall summary measures oﬁ IQ (Verba] IQ, Performance I(S, e;nd

Full IQ as well as a score on the Halks/tead'Impaiment Index). It - '
was found that within each and every category of functlonmg, the
HD group performed significantly less adequately than the normal
controls. As for individual test scores, the difference between

the two groups reached the .001 level for 18 out of the z8 tests,
the .005 level for 8 of the tests, and the .02 level for the

remaining 2. Furthermore these last two subtest scores, namely,

t‘xe Information and Vocabulary subtests, were the only ones to,

+ fall within the average range.

While the HD patients did poorly on all subtests of

the Wechsler in comparison to Jt;he nommal group, their summary

B s ]

s

—F
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scores surprisingly énpugh all :Eelluwithin the normal raﬂge

(Fuil Stale IQ.= 92.81, Verbal = 95.54, Performance = 92.90).

Thls f ding is somewhat! dlsconcertmg especially in the light :
of the f'rmal descrlptlon of HD in which dementia figures as

one of the main charactenstlcs of the disease. The above data
mdlcat.he that these HD patients, desplte the fact that they

were already well into their progressive disease at t};e time of

h4 LY

testing (about 5.62 _years since diagnosis), are riot by definition

Y
demented, |and hence their poor performance on the Wechsler sub-

1

‘tests can |not be attributed to a total cogrutwe brea.kdown or

. detérioration (namely, to dementia). This is not to say that

.the HD patients are neurologically normal since the -results from

the Halstead Neuropsychological Impairment Index clearly label
them as being organically' damaged. What then causes the poor
perfomance in all areas of cognltlve ‘functioning tested? Seeirlg
as a dementia etiology must be dlscarded what kind of deficit
would ‘result in thlS type of profile? :

It is posslible to ger;er;te two experimental hypotheses
concerning the nature, and hence, assessment and early identifi- -
cation of the cognitive impairment in HD.

1) Diffuse neurological damage has reduced the overall
efficienz:y of br:etin fur;ctiming. The iniportant implication is
that from the onset of the initial x;eurologica-} deterioration
the effect on cognitive flmc;tioning is going to be global becaus\e
\of the diffuse, non-specific nature of the degeneratlon In

d@her words the pattem of progressive cognitive'degeneration -

\

B
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airment would bé prOV1ded by neuropsychologlcal test batteries

or by psychometlhc 1nd1ces .

-«

In support of the validity of the global deterioration

-

' hypothesis and its usefulness in early defectign is a follow-up

study \reported by Lyle and Gottesman (1977). It shows that the
remorbid at-risk subjects' psychometric and‘neu;opsychological

: ce on tests administered 15-20 years earlier already -
ifferentiated them from the still-normal ‘subgroup qf the at-risk

5 bject population. Even when the premorbid group was divided.
into earlly and.late onset sub-groups (within 2 years of original

d wi;hin 6-18 years, respectively) both sﬁbgroups'

tﬂe WAIS, tﬁe Bender Visual Motor Gestalt Test (which
involves the copying and-reproducing from memory of simple designs)
and the Shipley-Hartford Retreat Scale (which measures intelligence

and has a:correlation of .79 with the Wechsler) were significantly

- different at initial testing from the still-nommal grdup. ..."The

still-normal group performed significantly better (p <.05) than
the prémorbid'group on all the 1950's intellectual measures.
Except for the Shipley Verbal subtest, all differences were
sfatistically significant at the .01 level or higher. For all 3
Wechsler IQ measures, the diffe?ences were significant at less
than tﬁe .001 level"... The significance levels across the com-
parison groups for all of the tests 1is presented in Table 1.

(Normal Vérbal 1Q = 103.6, Premorbld 94.7; Normal Performance IQ

2
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‘Significance Levels for t Tests for Differences Between Groups

ﬁ’ . WW'HWW &m
. Comparison - § Vbl Absract Total Pecall

Still normal vs. premorbid .05 .01 .01 .01
Still normal vs. late onset .05 .05 .05
¢ Still normal vs. early onset 0 .01 .001

Late onset vs. gady onset —_— —_— —

Premorbid vs. affected when tasted
Late onset vs. affected when tested
Early onset vs. affected when tested

Still normal vs. affected when tested

.00 .001 .01

2l 11&l

13
.\ .
‘ 4
Wachsler
viQ PIQ FSiQ
.001 .001 001
01 001 .01 *
01 .001 .001
_ .10 -
-—_ < .05 —
— .05 —
01 .001 001

! .
Note: VIQ = Verbal 1Q; PIQ = Pefformance IQ; and FS 1Q = Full Scale IQ.

'

\

TABLE 2

L]

Prediction of Future Huntlnggn 's Disegse Status of Huntington’s Disease Offspring fram Test Scores

Test o o/o hiss  %/0 misses %/o trus mﬁva 9/0 true positives X 2
- ~ " Shipley Verbal 63 37 73 41 52
Shipley Abstractions .74, B 81 9 685
Shipley Totdl 72 B g . 55 6.51
Bender Recall 72 28 B 58 6.60
Wechsler Verbal (Q T n 2B . 81 55, o™
Wechsler Performance 1Q 72 28 78 48 507"
Wechsler Full Scale I1Q 69 3 79 52 *

-

Rote: Yates's correction was used with chi-square. -

“hits"" i istributed.
a Tobe coryared with §50/0 — 5790 “hits"” if test results wqe randomly dis ,

‘p <.05-1
Tasp ¢ 01,

2

}

675"

" (Lyle and Gottesman, 1977, p. 1015)

g

B U P

(Lyle and Gottesman, 1977, p. 1018)
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= 106.2, Permorbid = 91.9, Normal Full Scale IQ = 105.1, Permorbid

= 93.1) Lyle and Gottesman, 1977). When the early onset group's

]

scores were not included the differences were not as large but

e

/

they were still significant (.05 for the Shipley, .05 for the

Bender, .01 for the Verbal IQ and Full Scale I1Q, anc{ .001 on the |
. :

Performance IQ). Furthermore, the late anset group's scores and

the early onset group's scores were'very similar, the fommer's

being higher than the latter's but not significantly so. In fact, . i
Lyle and Gottesman (1977) state: "In test ‘performance the late

onset group was closer to the affected when originally tested group —

than to the still-nommal group."” In brief, then, this means that

the late onset individuals who were not to manifes;: outward

symptams of disease for an average of another 12.5 years fran the
time of origingl testing, already demonstrated a defi’cient test
performance which was almost as bad as that shown by individuals

)

‘already affected by the disease.- ' , b o
‘ Calculatioh of the prediction statistics by Lyle and
Gottesman ( 1977) yielded the “following table of hit r;i'tﬂes for jthe

corTect early detection of gene carriers (Table 2). For example,

e 1 i Mo b e

using the Full Scale IQ score correct predictions as to normalcy
‘ and premorbidity can be made 69 percent of the time. In particular,
Y this score can yield 79 percent correct predictions of true

negatives ( predicted normal and still-normal).and 52 percent correct

)
predictions of true positives (predicted premorbid and were pre-
morbid). Such hit rates are indicative that the cbgnitiv? impair-

mént in HD can be identified in advance of the clinical manifestation
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of the disease, that its development is ind;eed insidious. With
respect to prga—swnp:cmati‘c/diagnosis these" hit rates certainly
don't inspire much confidence. It is evident that the us; of . % '
psychometric tests as prediction tools can not be very efficient 0 L

due to the variability found in IQ measures. Rardom non-HD-gene-

N hanh aiektved Y

related brain flaInage can also be expected to confound the outcome
segregation of scores.
" 2) Specific neurological(damage unique ;o HD has affected
some basic mechanism in the 'assembly line' of the information- ‘ '
. ) processiné system causing the subsequent undermining of many
eiplicit cognitive functions. If this hypothesis is correct then ) .
s the implementation of informatien-processing paradigms borrowed"

: fram contemporary ekperimental éognitive psychology to probe the
cognitive deficits in HD patiefts may result in thé discovéty of .
some specific impairment( $). Prediction instruments could\then . ‘
< be custom-built and hence highly sensitive and selective to the

[

HD-gene versus non-HD-gene distinction. Most of the studies follow-

P s

‘, . ing thi§ new approach were first reported last November (1978) !

in San Diego, California, at the Second International Symposium

on Huntington's Disease (to be published/ in Advances in Neurology, : ’
Volume 23, edited by Thomas N. (ihase et al., Raven Press, New York, -
1;)79). Thus far, ‘onl;' memory and some perceptual/attentional

A functions have received consideration yet it already seems apparent
that identification of distinguishing dysfunctioﬁs in HD is possible
and that furthermore some of these abnormalities may be detectable

i
|
. ’ before symptom onset (Fedio, Cox, Neophytides, Canal-Frederick,
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and Chase, 1979). Because these i“ecent infomation-processi'ng‘

studies are not yet able to be validate:i, prediction hit rates

from these measures can not be campared with the Lyle and
Gottesman (1977) correct prediction percentages. Such a comparison
will be the final test of the two experimental hypotheses
Before describing the tests used in the present study, the recent
findings presented in 'San Diego will be briefly described since
they influenced the selgcéion of tasks used in this-study.

' It is clear from the nature of the theoretical paradigm
under which the;e investigatorg are working, that the distj_nctions.

they will hopefully come up with from their careful probing and

..
. mapping of the information-processing system may be subtle and

focal. This means that it is going to be very important to find
ways to maximize measures of task-related varidbility agrToss
sdbject gioups. For iristance, one way to define the specific

characteristics of a neurologic group is to compare it to another

. neurologic group which manifests similar impairments in order

"to reveal selective deficits which can distinguish the two. This

general experimental strategy has been adopted by many investigators
involved in HD ;'esearch (Butters, Tarlow, Cermdk, andQSax, 1976;
ButteTs and Gra:dy, 19_)77=; Meudell, Butters: and Montgomery, 1975'3;
Oscar-Berman, Sax, and Opoliner, 1973). As to _wha't specific .
processes to examine first,,many investigators b.‘asi.cally take a
shotgun ‘approach. For example \because HD patients and Korsakoff's
patlents both have quam:u:atWely 51m11ar defects in SI‘M (short-

term memory) (Butters, Albert, and Sax, 1979), d1fferent experimental

P
!
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techniques have been challenged to try and make‘gualitative
distinctions between these disorders. Using STM pafadigps
'Néudell et al. (1978) have demonstfafed'the‘différential tendency
of Korsakoff's patients to maké prior item intrusions during

.

list recall and for HD patients to make omissien errors. . Proactive

interference is known to be the culprit in the amnesic disorder

R

“and hence probably rules out this’%xplanatibn for the deficit

perhaps consolidation mechanlsms in STM as the remaini ossi-

bilities. The Butters' et al. (1976) study pitted Korsakoff's

o

patlents HD Datlents and non-amnesic alcoholics as controls
& .
against distracted delays (0, 3 9, and 18 seconds of counting
&
backwards by two's) and agalnst various degrees and conditions

of interference in a STM task. :While immediate recall in all .
groups was fine, increases in the retention interval resulted in

. decrements in recall performance for bqth‘the Korsakoff and HD

o

groups. Iﬁterference, on the other hand, caused Particular
. disruption within the Korsakoff group-but not so in the HD grdup:
Butters' et al. (1976) also assessed the ability of their suﬁjects

to recall words cued by semantic category as. well as thei%iability

Y

.
to recognize previously presented words from a list Sf words’

23

I - ﬂn
containing various types of distractor words (semantic associates,

homonyms, synonyms, and new words). The first manipulation
revealed an inefficiency in the use of semantic organization as

an aid to memorflin4botﬁ Korsakoff and HD patients., The latter

'
ga

task, false recognition, produced differential errors in the two
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groups which may either be process related or response bias

*

reiat’ed In paf't’fcular Korsakoff subjects made more semantic
and homonym confusions whereas /HD patients just generally made
movewsuon erTors. As )the investigators said: 'These .

findings show differences between Korsakoff's and HD but' they

" don't provide ‘any clear explanation for the HD impaimments."

{

Caine, Ebert and Wemgartner (1977) probed into the

issue of encoding strateg1es in memory. The experiment was -

i

designed to test subJects use of mternal organizaticnal con-
structs involving contextual, categorical, and/or wsemantic"
"matrieeé" to fgcilitate, retrieval. HD éubjects were competent
in perfoming a task requiring them to form categorical clusters

indicating that their backgroundr semantic network was well--

organized. However, when successful retention of items in the

+ * memory task dem:mdeddthe'use of these oréanizatidnal%encoding

strategies because of thé contextual nature or sequencing of

-

the items (cued retall, false recognition, serial-learning,

t

seleétive‘remembra%lce digits backwards) HD patients were unable

to fu1f111 these demands and hence performed poorly. . \{

Welngartner, Caine, and Ebert (1979) studled another

type of encoding-influencing manipulation, namely, depth of
prQeessi_ng. Experimental psycholo'gy tells us that elaborate
processing of input meults in'more enduring memory traces.
Certain kinds of information, like eemantic information, neces-

sarily ‘involve eiabora-te processing whereas other kinds of

information such as the visual and auditory features of a stimulus

~\
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-differences in recall (Cfaik and Lockhart, 1972). In the case

require less central processing, resulting in the observed . —

4

of HD, however, depth of processing is not reflected in the

recall scores of different kinds of information. Hence pro- ~

i

8

cesses involved in memory trace construction such as encoding

strategies are implicated in, this stu&y to be impaired. 0 '

OsE:ar-Berman, Sax, and Opoliner (1973) worked wgﬁh.
P
aphasic, Korsakoff, -and HD patients using an information-pro-
cessing paradigm called focussing. In this task the subject-

goes through a systematic hypothesis testiﬁng’/routme involving

'a win-stay/lgse-shift strategy similar to that used in the game

of '"20 quesfions". The subject rrmst"ézeq};:ually name the .
Prgdetemined relevant stjjmius cue in visually presented sti-
muli. ‘Included in the test was a _standard and’ a memory-aid
condition’infw;hich the alternatives remained visible to the
subject and were, furthermore, following the subject's choice, °
labelled as correct or imcorrect. .The task allowed investi%ators
to"/assess. attention to stimulus dimensionh ability to switch
attentional focus ’féllowing feedback information, as well as

the importance of efficient memory in problem-solving. Normal ’
controls and aphasics were ‘indistinguishable on all measures
recorded, while Korsakoff patients did the most poorly of all

the groups. Not only did they danbn;trate weak hypot}{ésis tésting

behavior (win—st:;y/ lose-shift), they also were unable to generate

i

as maﬂy hypotheses as nomals, that is, they tended to perseverate.

HD patients, on the other hand, were proficient at ‘hypothesizing,

.0
-
LS
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' electromyography of muscle tone- (EMG) and visual search efficiency f

20

since they used the same number of hypotheses as did the mprmals

A ” B -w . , . . .
_ but they made more errors, that is, arrived'at the correct

hypothesis less frequently. The memory component of the task ' o C z
i ;

did not seem to be the source of the trouble since all groups o ?

A n

improved consistently from their standard level of performance

&

A2 . . . )
under the memory-aid condition. It seems, therefore, that

P ‘e

Sp—

attentional& switching and focussing may for some reason be SN

inefficient in the HD group.

4 oo B Lt s Yy B

In generai, the above f';“;uIQS show that the HD me;xlory
deficit can be distinguished fromthat of Korsakoff's disease,
though as yet, in the case ?f HD, they fail to proviae a- clue
as to the particular source/ of difficulty. Any of the memory
processes, encoding, retention and/or retrieval may be culpable.
On the ,other hand, the poor memory evidence may in fact be ’
‘refliécfing distractibility or other atpeﬂtionél defects related
to selective perception. Sugéestion of attentional problenis
would be®consistent with the Oscar-Berman et al. (1973) results
as well as with evidence forwarded by Baro (1973). ro found
that HD patients/‘gehd to be "'slow, fatigable, perseverative, . .
di.:stl"aqtible, and to make amissions" on clinical .tests of
attention such as the Gr'\r'zﬁbamn Test (consisting of a board cjm
which are scrambled digits to be placed in the correct numerical , .
order. by the subject) and the Seguin Fomm Board (in which /

subjects must fit forms inéo the .appropriate slot on a board

without looking). Physical measures of attention such as . o

AN
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as recorded by infrared eye tracking techriiques also reveal

abnotmalities in comparison to a nommal control group. Further-

_ more, 7 out of 19 offspring of these HD patients also showed*

tgndéncies towards abnormality on these same psychological and
physical tests.
Y Fedio, Cox, Neophytides, Canal-Frederick, and Chase

/ . -
(1979) offers some preliminary data on the as yet vague issue

of percei)tual/attentional. dysfunction in HD. Af-risk individuals
were also tested in this study. A broad range of perceptual
functions such‘as visual discﬁmination, spatial judgment,
direjtipnality, and perc.eptu:"al-motor integration and memory was
assessed by é composite battery of clinical tests. Included
in the battery were the following: The Mosaic Comparisons Test
which is a ‘visual discrimination task involving complex random
“designs; Money's Road Map Test of Directional Sense in which '
§ubjects imagine travelling along a route to some goal point
indicating as they go turns to the right and to the left - in
addition, the second half of the route is reve;‘seq so that the
subject must either spatially rotate himself or reverse his
left-right decisions; the Re)}-OStefrieth Complex F\gures Test
whikh has subjects copy and then reproduce from memory complex
designs; and finally, a/ySt}{lus_Maze task. . ‘

The results showed the HD group to Ee significantly
impaired on all measures in comparison to the nommal and at-risk

v

subjects. The test profiles of the at-risk individuals were

similar to that of the normal ccmt%ols with the followiﬁg

¥
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. exgeptibns. The overall score of the at-risk group on the

. o

Mosaic Comparisons Test was significantly poorer than the overall
‘ -

score for the normal group; more errors were made by the at-risk

group on the reversed half of the Road Map Test than rb;' thé

normals; and error scores on the Stylus Maze showed th;eégroup of

at-risk subjects to be less efficient than thexnorma.l gf‘oup'.r:p
) An .examinaltio‘n of a finer aspect of peréeption, ‘namely,
selective attention, was carr;ied out in the same‘s;cudy wi‘tb the

help of experimental psychology paradigms. Thik series of tests

was composed of a monaural and dichotic listening task, a dihaptic

recognition task for three-dimensional forms, and a visual

recognition—t.hbreshold task for simplé wo’rds‘and for complex .
designs. In this latter task, the stimuli were presented in a
tachistoscope and the stimulus duration incremented‘in 3 milli-
second steps until recognition was attained (i.e., until the

subject could either spell or read the word and could identify the

correct design out of a possible six choi&es) .

In this series of experimental tests, the HD patients
perfommed badly. One outcome that should be poi'nted out is that
in the visual task whereas normals angat-risk subjects; find
visual patterns easier to recognize ti{m words , .HD patients have
greater difficulty with abstract pattems. This finding has - /‘ ’
implicationsh for those on the look-out for clues as to specific =
d/eficits. In this seriés of tests, the at-risk group was not dis-

tinguishable from the normals.

: /
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This completés the ove_rview of some of the reséarch done.
~ . thus far on the cognitive aspects of HD T6 recapitulate a little,
it has been suggested that the cogmtlve unpalnnent suffered by
HD individuals can be reflected in poor scores on neuropsycholagical
tests such as the Halstead Battery (Boll, Heatgn, and Reitan, .
1974) and may, be foreshadowed by IQ (WAIS) or psychometric scores
~, , (Shipley-Hartford) (Lyle and Gottesman, . 1977). While subtest score -
. profiles fram neuropsychologlcal tests don't seem to be able to
provide clues as to the underlying focal def1c1ts information-
’ ,pr/ocessing techniques seem to be useful in probing the qualitative

features of the 6bserved dysfunctions. So far, the studies suggest

that the damage seems to involve some fundamental process or

processes fm7:t1ona11y related to memory, perception, and selective

attention. The present study is a contribution towards the
. davelopment of an information-processing test battery specifically

desfgned to dplineate the dimensions of the malfunction(s)

uniquely characteristic of HD.

-
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~ Rationale for the Choice of Tasks
The selection qf the first task, wﬁich involves the
phenomenon Sf mental rotation (Shepard and Metzler, 1971;
Cooper and Shepard, 1973), was incited by the validated follow-
up studies of Lyle and Gottesman (1977) ‘and Lyle and Quast
(1976). 1In these reports it was shown that the Bender Visual-
Motor Gestalt Test differentiated among the premorbids and
still-nomals in an at-risk sample as early as 20 years previous
to the onset of clinical symptoms.‘ Hence, there were reasons
to believe thalt inspection of the .percepéion of and memory for

desiéns as well as related functions such as spatial perception

a v

/ ]
and perceptuo-motor abilities might be profitable (Zusne, 1970},

g

Subtests on other neuropsychological test batu/eries (Boll, Heaton,
and Reitan, 1974; Norton, 1975; Fedio, Cox, Neophytides, Canal-
‘ 1 Frederick, and Chase, 1979) also indicated impaired ability in

these areas of cognitive functioning. In addition, Fedio et al.'s

(1979) recognition threshold task with patterns and words support -

R QR

PRy

the notion that HD subjects have difficulty with pattern perception.
: : ) The 'mental rotation' paradigm was_‘ adapted to test the

‘ ‘ above qunctions by requiring subjects to pérform,va spatial
operation, namely, rotation, on simpele,' familiar visual patterns

(letters) and on compléx (three~dimensional line perspective

24 .
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\ C cirawings) , abstract visual patterns in both a standard and a '
nﬁmory hcmdi'tion. Originally, Sheparcf and Metzler (1971) had "
highly practiced subjects state whether a pair of line perspective
drawings of complex three-dimensional shapes were identical or o
not. ‘Different' pairs were mirror-images of each other in order

B - i
'to avoid the possibility that distinctive features would indicate
b

i
»

disparity. Whether the two stimuli were the same or different,

tﬁey differed fram each other in orientation. Decision times

for making ''same'' judgments tumea out to have an increasing }inear
relationship with degree of angular disparity between the stimuli.

This trend was t.he same ghether the orientation disparity between

the drawings was set in the plane of the picture or whether it

was in depth. On the basis of this.data, as well as on the -

. consistency of introspective report, Shepard and Metzler argued

Aot

that mental rotation was the operation performed to accomplish the
_..task. In particular, subjects were postulated to conjure up a

) ‘mental image of one of the stimuli and mentally rotate this inner

-

4 , . representation until the configuration of this representation
. /

g became congruent with the other stimulus or until a decision of

¢ incongruence could -be reached. Furthemmore, the extreme consi:stency

of the results allowed the rate of rotation toOxz Calculéted and

Vi o e 3 pa A,

! . © it tumed out to have a fixed rate of 60° per second. .
"In the Cooper and Shepard (1973) experiment they required - ~
-~ subjects to make '"same"'/'different" decisions based on letters.

i

In this case, determination of congruence was arrived at by comparing -

a visually presented angularly displaced letter with the stored

’

-
e L e Y S St



T L SR PPN TN S T rea e

5, g et

o

-

representation of that letter in '1’ong-term mermory . Tile results
d;d not show the same consistent increase J/n slo[;e as that found
in the Shepard and Metzler (1971) study. The irregularity in
the linearity was .clearly explained by Hock and Tromley (1978)
as being due to the wide range of perceptual uprightness enjoyed
by lettérs.that are physically tilted resulting from the ‘
familiarity of their feature cambinations. They showed that
the slopes of the lines plotted for comparisons of letters outside
of their range of perceptualb upriéhtness were linear, that is,
necessitated the operation of mental-rotation to reach a deci'sion.
The choice of the second task, a visual search paradigm
first introduced by Neisser (1963) and Neisser, Novick, and Lazar
(1963), was based on two completely different bodies of information.
Firstly, t/he studies on the memory deficits in HD mentioned above
all leave ‘the’question as to the nature of t'he flmflamental dys-
function unanswered. Hence, a good place to begin would be to
examine the initial process of information pick up or input 1:egis-
tration. Sinf:e selgctive attention modulates stimulus registratiom,
a test of selective perception was chosen in order to»evaluate the
efficiency of this function in HD subjects and in those at-risk.
Visual scanning was seen as an appropriate test of selective
attention. The second-body of evidence which influenced the choice
of this area, namely, selective attention, for study comes from
work cn the neuroanatomical, neurophysiological and neurobehavioral
asl;ects of the movement disorder.in HD. The major neuwlog‘ic';l
damage is found, as mentioned in the beginning of this paper, in

»
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the basal ganglia (Barbeau, 1973; Earle, 1973; Klintworth, 1973;

Fomno and José, 1973), which play a significant role in the
& Co * production of and coordination of movement (mainiy involuntary
movemer'its such as postural adjusﬁnent;, accessory movements).
Current work (Gallistel, 1979, in press; Marteniuk, 1976) on the |
production, coordination, and sequencing of smooth motor mévements
has revealed the great extent to which the motor system reliés
- ~ on sensory and sensorimotor integration. Anatamical tindings
show that the motor system is intricately connected to sensory
. ays (Gardner, 1976). Albé-Fessard et al. (1966, cited in
. ‘Gauﬁl, 1973, Chapter 9) have demonstrated that the same sfﬁatal o
neurons in t};e basal ganglia' receive inputs fram proprioceptive >
e , and visual afferents and that they respond with an algebraic 113, ' |
summation .of these stimuli. Speaking in connection with the basal
ganglia, Hans-Lukas Teuber (1976) argues that the perceptual
system with w?hi‘ch the baSal ganglia is l;ookéd up, can be selective
z in its choice of what information to relay on to the basal ganglia
and hence can selectively modify outcome motor responses. Damage

to this selective modification loop could cause the basal-ganglia

e

\ ' motor system to function without sensory guidance. On a descriptive

* level this explanation seems consistent with Denny-Brown's (1968)

'\ close look at the movement disorc!er of choreic patients '"'... the
movements of HD are each determined by peripheral stimuli,|turning

- of the hand to chance contact, adjustments of the limb and pressures

on the skin, turning of the head and eyes indiscriminately to any

. ovement in the visual field or to sounds..." Furthermore, there

B <
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1s a camplete absence of chorea during sleep. It is intriguing
to contemplate that if this selective attention mechanism was

disrupted in HD, that all functions dependent ﬁpon it might suffer,

both cognitive and perceptual-motor. -

"

Neisser's visual search paradigm is believed to assess

° rd

selective attention since the subject's task is to locate as

,quickly as possible a target symbol among distractor symbols.

Each symbol in the visgal display must be compa to a_memory
representation of “the target symbol. Under the demand oé high
speed, the perceptual system can, according to the theory
(Neisser, 1967, ‘Neisser, 1976) prime itself to pick up only ;.he ’
relevant cambinations of ‘features, namely, ‘t‘:h‘ose of the tz;rget
symbol and to pass quickly over all other combinations. .Only
primed features receive further perceptual' processing so-that non-
ta;'get symbols are not really 'seen'. Bécause sequentiail scanning
is fairly systematic, search times and target positions within
the symbol list are ‘linearly related in highly trained subjects.
Slope, then, can be defined as a measure of scanning efficiency
on the part of the selective perception system.
Neisser (1963) and-Neisser et al.. (1963) found that
certain parameter manipulations produceci longer reaction ti;rles.
These increases resulted when the number of symbols to be scanned
(per Tow) v:ias increased, when the critical property under search
was the absence‘of the target letter in an item (i.e., in.a row), o
and when the context syml_)ols had similar and hence confgsable .

features to the target symbol. Kaplan and Carvellas (1%65) also

-
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found that reaction times went’' up as the number of target symbols

to be searched for were increased. Each of these factorst was

tested in different conditions in this experiment since it was
assumed that elevations in reaction times reflected increased
task demands.

Thirdly, we administered the Luria-Nebraska Neuro-
psychological Test Battery to our subjects deséite the fact that
they were considered to be normal noh—brain—damaged-non-HD—gene

carriers. The inclusion of a neuropsychological test battery

provided us with an auxiliary check on our experimentaltmanipula—

28

- . ‘ » 3 ' - -
tions. That is, since the present study is a contribution //P\

towards the information-processing approach and since the predictive’

powers of such an approach can not be gauged until future follow-

‘ups can be completed, a finding showing that performance on our

experimental tasks corfelated with neuropsychological subtest
scores known at present to be fairly d%scriminative witp respect
t6 HD-gene carriers and non-HD-gene carriers (Baro, 1973; Lyle\
and Gottesman, 1977; Lyle and Quast, 1976; Fedio et al., 1979),
would suggest that at least we are on the right track, in thap,
our tasks may also turn out to be discrmihative. Should no
significant correlations result, no conclusions can be reached
sincé it could either mean that the experimental and neuropsycho-

-

logical tests are tapping different functions or that one of the

_tests is not as sensitive as the other.

a

Now that the general theoretical background has been
laid down and the paradighs selected, the question still remains

4
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as to what t};e best approach to uﬁcovering s\;btle differences
among non-gene carriers agd premorbid gene carriers is. To smply
obtaln absolute test scores on these tasks would not be very
useful since there would be no way to partlal out md}mgmal
différences resulting from such sourcés\ as variations .within
processmg strategles, from individual to mdwldual varlatlons
in base-line reactlon times, and frcm such factors as personallty
differences with respect to degree of conseryatlsm in the face

l
of response uncertainty. One way to circumvert ‘this problem

“would be to train subjects on the tasks to asymptotic perfomance

recording both level of proficiency attained as well as rate of
improvement across trials. However, because the present work’ ﬂ
must also be conducted with a patient population (diagnosed HD
patients) such a repeated measures design requiring many daily
sessions may not be feasible. , ,

The approach.which was decided upon was te administer,
within each of the two_paradigms selected for study, a series
of cmdltlcns determined apnorl to be of mcreasmg d1ff1cu1ty

This way the experlmental session could be of a suitable duratlon

and the subjects could st111 act as their own ‘controls across

. conditicns. The only factor on which it was difficult to get a -

complete handle over is practice. In an attempt to minimize -

" practite effects each condition was given different stimulus

dimensions and furthermore the conditions were qrdered accordlng

. s

to the apriori notl_ons increasing difficulty, se that diffi-

culty could work against $ractice. In other words, -détrements|in

-
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but, by seeirig how well they could ézope as they became pro- ° .

[

performance from easier to harder conditions would reflect -~
subjects' inability to cope with the increased demands of the ' y

task despite the fact that he y}as also becoming more practiced
at it. Hénce, this way the sys‘qem°s under scrutiny could be

assessed not by observing their ultimate level of éfficiency . .

v
\ .

gressively more and more taxed. It should also be mentioned

X

that it is our fntention to use anly those measures or tasks .

which show sufficient performance variability in order to

)

ensure that differences, subtle or not, will be revealed. .~ i . cL

- Ny
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Chapter 3
Methodology . .

General Procedure »

.+ The ability to perform mental x‘otati/on and the ab:'%}}ity

7

to engage in systematic Visual search with efficiency in terms of

speed and accuracy has been confirmed by Shepard and Metzler

(1971) and Neisser (1963), respectively, for highly-trained
e:q)erienced‘subjects. In the present study', then, the first .

questlon addressed is whether the performance of untrained-naive

-~

. normal subjects would parallel that of the well-practiced subjects

E

- fully all of the tasks.

on these tasks.

L

- ' »
¥ © Since the general purpose of Myis research is to find~

out whether the, chosen tasks of mental rotation and visual search
t

would be suitable to use as impairment measures for HD patients

et

e

; and préd.’fktion measures for at-risk individuals, the immediate

‘goal of this paper is to standardize the tasks with respect to

normal untrained subjects. This jab e'spgcially involves finding
out whether or notthe different tonditions of graded difficulty -
which were adapted versions of the original paradlgﬁls did in fact
produce changes in performance indicative of increased d1ff1cu1ty

and to ensure that most nommal na1ve,§“ subjects can perform success- |

: Forty nomal subjects, twenty female and twenty male,

v

-
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i — weTe testeﬁ on th‘e}two experimental tasksi, namely, ﬁxental ro‘gatioxi "

- - and visual scan, as well as on the Luria-Nebraska Neuropsychological o |

Test Battery. The ordér of task performance was counterbalanced ‘ : .

} . so that half of the females and half of the males began with visual ' ’ Bl |

search while the other half of these groups started with the mental-
rotatign task. ’I’he flnal test sessmn for all subjeéts was the

o

~ Luria test. The order of co‘nd.ltlon presentation was fixed for both

“ a

tasks accordingfto the apriori hypotheses regarding the increasing /

difficulty of the conditions. " ‘ ' “ ;

L ‘A1l subjects had normal or corrected vision as assessed
- by the Keystone School Vision Test. All subjects were given a .
demographic sheet to f111 out concerning first-language, et)mic '
,backgrounc'l age, educatlon occupation, as well as outstanding .

y o oy

| : g personal or family medical history.: 4

i 2

\ T The average age of these subjects was 24.03 years (S.D. e
i .= 5.96) with the youngest being 14 yeats old and the eldest being
51 years of age. The-average years of schooling in this group was

) 15 11 years (S. D = 12.41; range = 10 years to 18 years). Twénty-

two of the 40.subjects were students, 13 were working, one was .

. wemployed, and one \was a housewife. One subject had a family ' ,

. Pev—

B et

member with Parkinsen's disease, and one subject's mother has ' ‘ 3

¢

Alzheimer's disease. Of the 40 subjects, 27 had never heard of . ] : (-
"Huntington's disease. Three subjects did not camplete the demo-

graphi¢ sheet. 6 ‘ : T !

DL




Method Section for Mental Rotation

K

3

" -Materials and Apparatus:

A three channel projection tachistoscope was used to pi‘esent

-

/ the stimulus sli.des. The first set of stimuli donsisted of capital
a letters (lettraset standard medium type, 3/4 inch) each surrounded
by a large circle (2 chhes in diameter). The second.series of
stimuli consisted of copies of the original shepard and Metzler (1971)
two-dimensional perspective drawings of t}.xree-dimensional objects
'..compc.)sed of strings of cubes in which there were fo{xr ams projected
/at right an.gles to each adjacent arm. There were ten cubes per‘
y object, four in each of the central two amms, three ’in one of the end
arms and one in fhe other end arm. These drawings were also encéséd

~

: in circles (2 incgs in diaméter). Since the slides were prepared

g
AS

3 o by photographing the above 1ette1:5 and drawings’ from paper, the sti-

— n11111 appeérefl on the screen as. white lines on a black background.
Once projected, the surround circles hecame 8.8 an in diameter. The
spbjeét sat at a distance of about 82 cm from the .viewin'g sEpeeri,

[ " making the viewing angle of one stimuius alone 6.13° and the viewing

? anglé of the pair of stimuli 12.11°. The fixation slide consisted

- of a black X on a white background and it was projected exactly

between the pair of stimuli in the center of the screen. A chin

——— —

rest was used in order to restrain subjects from rotating their heads.

1

7

Stimuli: . —— .
, D t
Letters - F, G, J, L, and R were selected for presentation

\

~

o
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‘/ :
since these capital letters are asyrmietrical’ ami have asymmetrical
mirror-images. Photographs‘of ‘these letters and tWewr mirror-

_ images were taken ét various angular orinetations in the picture
plane. Sihce angular disparity l;etween two letters is an important .
pafame’ter, 10 different degrees of disparity were examined, name- -

1ly;-20 degree differences from 0° to 180°. Pairs were therfore

constructed 'such that each letter type was repreéénted in each one

of the 10 different degrees of angulatr diéparity. This was accom-

plished by selecting letters at different orientations from the

pool of photographs. ~Furt:he;'more, for each letter type, and for each
angular difference, one pair was a "same' or congruent pair (both

leEters were either in normal or mirror—image positions) and one

pair was a "different" or incongruent pair (on€ in normal position

and one in refle position): Hence, there were two types of

pairs th.at were classified as "same" stimuli, namely, pairs of letters /
photographed in the mirror image position. There were y therefore, ’ ,

50 classified "same" stimuli and 50 classified "different" pairs. .

Lty Sash 2on

Figure 1 presents éslcamples of the stimuli -used.
Three~-dimensional drawings (3-D figures) - Five of the
Shepard and Metzler (1971) drawings and their mirror-images were

used (see example in Figure 1). Pairs consisted qf "same' drawings

IO T T

o of /each of the figures at each of the 10 different degrees of o
angular disparity and "different" drawings at the same degrees of
.disparity resulting in a tdtal of 100 ’pai}s. It is important to
note that these Shepard and Metzler (1971) drawings represent rota-

v
" tions in depth, that is, around the vertical axis.




" Examples of stimuli used in the mental rotation task

AY . . q
\ P
' . Thres-dimensional line perspective drawings -
£ ' - {Shepard and Metzler, 1971)

N




" Procedure:

/
s

- Iwo slides of the small letter ''a" Qas used as an example.
The subjéct was allowed to rotate these slides in his hands. Sub-
jects were instyucted to press a lettermarked "same' when congruence
could be achieved and a lever marked "different when no match was .
'possible. At this point, the experimenter stressed that the mental
rotation wag only to occur in the plane of the screen. The
“sequence of events within a trial was as follows: The fixation X
was flashed up for two seconds' followed immediately by the appearance
of the test pair of letters. The letters remained projected on the
screen for a maximum of 13 seconds or until the subject made a
respanse at WhiCl\l time the letters would disappear and the next trial
initiated. Subjects were assured that 13 seconds would be usually

anple enough time to carry out the necessary mental operations and

. came to a decision. Type of letter, same/different pairs, and

angles of disparity were randomly distributed throughout the test
trials. Reaction times and errors were recorded. Subjects were
given /20 practice trials followed by 80 test trials. Each of the
5 letters were represented in the preliminary trials while only cme

Shepard and Metzler figure was used in the practice series. The

exact same procedure was repeated for the 3-D figures except that

it was stressed to the subject that rotation this time was to occur

“in depth, that is about the vertical axis.

A}

Following ;chis first half of the session which”took about

an hour, subjects were given a 15 minute break before the memory

. . o =

» condition was introduced. Subjects were told that the same series




—

of st.imuli', letters and complex s\hapes, would‘be ré-presented
except that this time each member of a pair would be presented
separately - one preceding the other. The trial sequence wBuld
be: the fixation X appears for two seconds after which it is
replaced by me member of the pair, the one in the left portion
of the screen‘. This first stimuli is presented for 400 milli-
seconds, followed by a 100 millisecond inter-stimulus interval
and then the presentation of the Second stimulus in the right
portion of the screen. The second stimulus remained projected
for a maximm of 13 seconds or until «the subject terminated the

trial by making a response. Subjects were again given 20 practice

Ftrials and 80 test trials in each condition. This half of the

session also tock approximately an hour. \ -

Method Section fotr Visual Scan

Apparatus and Stimulus Display Set-Ué: /

. /
The stimulus material was generated by and presented

on a PDP- 11/34A computer and display. The displays in this task
consisted of lists of letters. Each list contained 40 rows and

// -
depending on the condition each row eithef& contained 4 or 8 letters.

Each of the 10 different conditions had its own set of context

H \ 3
. letters, from which the lists were constructed, and its own cri-

tical farget letter. Conditions requiring 4 letters per row had

4 context letters and conditions requiring & letters per Tow had,

8 context letters. TI}:/'Ls way all possible letters ,appearéd in

N

]




39 .

' each row. In other words, each row was a randam ﬁermutation of !
the context letters. Furthermore, each condition consisted of 16 . E
individual lists. That is, 16 separate lists consisting of 40 | v
permutations each of the  same context letters were generated by
the camputer and stored. These 16 lists differed, however, in one
‘tespect. Each li§<9;ad one critical property located at random |

in one of the critical rows predetermined to be rows 2, S5, 7,

10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40. Furthermore,
position of the critical property in a réw was cpntrolled in order o
to prevent. the adoption of searching pattern bias. "In the ..
"present" cohditions, the critical propért&iis a specified target
letter and this target letter replaces one of thg context letters
and appears in a different row in each of the lists. In the
"absent' conditions, the critical property is the absence of a
pre-specified letter in'one of the rows in each of the lists.
That is, 39 rows have the critiéal létter embedded in them, and
the sﬁbject's task is to locate the row in which it is missing.

List order within each condition as well as condition order were

 fixed (the same for all subjects). A trial consisted of having a

list displayed in full on the display systém’which looks something

like a television screen and having the subject search for and

C W rany

find the target letter or its.absence and press a lever to indicate

- tenni;;ticn of -search. Subjects sat approximately 82 cm away
)7 from the screen and a chin rest was used to.maintain this distance.
The lateral visual angle subtended by tﬁe display varied according \ i

to the number of letters per row (4 letters = 0.770; 8 letters = ;



1.549; 8 letters plus 2 spaces = 1.89%). The visual ingle length-

’

ywise yas 13.640, - ., Begp

Description of the 10 Conditions:

The following is a brief descfiption of the context . ’
letters, critical properties, and spatial characteristics of the
ten different condition manipulations used in this study in the

order in which they were presented to the subjects; examples of

the stimuli are given in Table 3. . ' i
In condition Four 1 there were four letters per row and
A subjects were required to lqcate the target lettet (F) (in one, of ﬁ g
these rows. Condition Four § also contained four letters per row
but this- time there was a J in every row except for one. Subjects

,had to search for the row in which the J was absent. Conditions ,

Eight 1 and Eight 0 were the same as the first two except that in

each row there were eight letters. In the first case, subjects ' K
were looking for a Y and in the second case, they were looking for

the only row that had no B in it. Condition Eight 2 had eiéht

|
i
letters per row and two possible target letters (CZ). On each ‘ }
i

‘ trial, either target letter could be p'resent with equal probability
f though never do they both appear in the same list. In this case, o i
: th% subject must be primed to receive two relevant feature -com-
bina\tions. Condition Pour 9 was identical to Four 1, subjects
were sgarching for an F in a four-letter per row list, only this
time dis‘tractor items, two X's appear on both'sides of each row. :

The X's are separated from the context letters by a space. Condi- -




VBt e,

" Condition
1). FOUR 1:
2) FOUR O
3) EIG};IT 1
4) hEIGHT O:,
5). | E.IGH;I' 2

6) FOUR 9:

7) ' EIGHT 9:
(space)

8) EIGHT o
(no space)

9) EIGHT 31

10) EIGHT T:

Table 3

Description

Present Condition
Contaxt lstters -~

Tlruj latter -

Absant Condition
Context letters ~
Target letter -

Present Condition
Context letters —
Target letter -~

Absent Condition
Context letters —
Targat letter —

Present Condition
Contaxt latters —
Target letter —

Present Condition
Context letters —
Target lettar -~
Outline -

Pressnt Condition
Context letters —
Target (etter —
Outline -

Presant’' Condition
Context lstters -
Target letter —
Outline -

Present Condition’

Context letters —

Target letter -

Pressnt Condition
Contaxt letters =

Target lettar -~

Description ot conditions in the visual scan task (

]

‘GKBT

) 4

. APNGKUHD

Y

APNGKUHD
B

DLO JWFPX
CorZ

GKBT
F
XX (space)— — - —(SPi;f)xx

KOZDTBMR
P,
- —(space)— ~ — — (space)— —

KOZDTBMR
P

_— e — -

LY I4

Aol

METKWXFI
D

METKWXFI
H

GKBT - Vo

&
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- tion Eight 9 (space) is set up such that each row is a random

" or its absence in a list of letters as quickly as he could.

9

permutation of eight letters but the cinter four letters are °
separated from the remaining two on either side by a space. The
target letter in this "present”" condition, can only be located . Lo
in these center four letters. Hence, this condition differs from
the Four 9 candition only in that the distractor items are chosen
frém the context letters. Eight 9 (no space) is identical to
Eight 9 (space) except that there is no space between the center

four relevant context letters, where the target may be located,

and the sﬁrrounding distractor letters.. In condition Eight 8 o /
su)bjects are looking through eight tletter rows for a round targét
letter\ (D) while all of the context letters are sharp, angular'

letters.  In condition Eight 7, both the target and context letters | !

- I - N
are sharp.

Procedure:

The sdbject as told 'thét he must locate a target letter

Furthermore, he was told that he must do this by using only one

strategy, namely, scan [the list from left t6 right and from top )
. ‘ ) { 4
to bottom. Should he miss the critical property on the first scan

the subject was instructed to begin again from the top as'many ; j

times as was necessary LE order to locate it. Before beginning

each new condition, the experimenter verbally described what the °

i

I (

{

subject sheuld expect in| terms of 1ist characteristics and task !
N . \

demands. After that , the specified letter for the condition was ' :
. \ )

N b e o e A v St T s e g ¢
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. ty appeared in a row which had an asterisk to the left of that

o L BTV LT W IR RIVIS A TR B S 5y e

displayed at t;\e top left-hand corner of the sc;*een. It remained
there throug}}outn the condition. A convention, used by Neisser
(}963) and Neisser et al. (1963), to prevent p'remature responses,
was to have subjects press a right hand lever if the critical
property appeared in a row which had an asterisk ™ to the rig{xt« >

of that Tow and to press a‘left hand lever if the critical proper-

Trow. Hence, incorporated into our permutations program for
stimulus genératién was a procedure for randomly placing asterisks
on either the right or the left hand'side of each row. The lists
were then visually inépeéted fo ensure that an asterisk did not
appear on the same side for more than four consecutive rows. This
constraint made the response criteria 11es\s obvious. It was explained
to the s':ibjects before "che beginning of the session that their‘
reaction times were deterhined as soon as they indicated their
detection of the target by cifying the location of the asterisk
of the appropriate row. response caused the display to disappear
and the next trial to be AFitinted. Because‘of the nature of the
task, errors were very infgequent. ‘However, when an érror was
camnitted, the trial was re-presented to the subject following the
last trial within the same conditigns Only correct response |
reaction times were used in fhe statistical computations. The
experimenter said ''ready’’ before the following display was flashed
up on the screen. The first 5 conditions took on the average ane
hour to camplete. The subjects were then éiven d¥15 minute break.

The second 5 caiditions also took approximately one hour to finish.
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Results and Discussion for the Mental Rotation Task

- v

2

The group data, across a11 subjects, 1s described flrst

in order to evaluaté the- overall perfonnance of untrained, naive

subjects on the various adapted versmns of the mental I‘OtﬁthQ.
paradignm. Since the main‘thrus‘t of this study is to reveal indivi-
dual differences m performance across tasks so that constant
factors can be partlalled out no major stat15t1ca1 analysis of the

group’ data is presented. The data is scrutlnlze_d for changes in

: per;fomanl:e across subjects across: task(g which might reflect a

. continuum in task difficulty and for evidence that might ensure that

no aspect of any of the tasks prevented.subjects from being able
to canplete .the tasks without %raining. In the light of the
evidence fomarded by Hock and Tromley (1978). concernmg the lack

of relatlonshlp for letters between reaction time and the smallest

. and largest angles of dlsparlt}: on account of the broad range of

perceptual ’uprightne‘ss of alphabetic charactérs, it was to our best

interest, for example, to check to see whether the data from

our unpracticed subjects was also altered in this direction, since-
such an effect detracts fram a clear demonstration of the operation
of mental rotation.

~

Figure 2 represents the relationship between reaction time

i

and angular 'disparit}; for the pairs classified as "same'’, across

R

o

/
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all forty subJects for bﬁ the letter/ simyltaneous and
three- dlmen51mal/ snmltanews cmdltlons (L/S and 3D/S, reispec-

tively). I® was constructed by flI'St averaging jche times each

,Subject took to make a correct response at each of the ten degrees

of angular difference across the four trials -each subject received

)

at each of the orientation differences. The overall average

reaction ~"cunes across all subJects together was then calculated

from these in v1dua1 average reactlcn times. Figure 3, representing
the letters/memo dimensional/memory conditions (L/M'
and 3D/M, respectively), wes\%éﬁved in the same manner.

Congider _first(\ what was taken to be the easiest most
straicghtforward task in the men1tal rotation series, the comparison
of péirs of simultaneously presented familiar patterns (i.e., .
letters) w}uch appeared in vanous dlthtatlms. When
the time taken across sub_')ects to respond "saxne"; to congmoue
letters is p‘lotted‘ as a function of the ‘angular disparity between

the two letters, the mean reaction times increase linearIy across

the ten increasing degrees of angular disparity (Figure 2). ,,”Qis

finding, according to Shepard and Metzler's (1971) and Cooper and ~

Shepard's 1(1973) theoretical argument, satisfies, the operational
criteria for mental rotation, The degree to which the tuic.) variables,

mean reaction time and a_ﬁgular disparity, are related is given by

»

the correlation coeff1<:1ent which, in thlS case, is r = 9186 -
'l’he fact that the slope for. thls task is so small, though p051t1ve
k

(m = .0074), mdlcates that subjects as a whole can rotate 1etters

at a Very rapid rate (approximately 1350 per second) due to the »




- ; :,
~af - ) i .
, y ~ i . e Ty &
Kyuredsip ren3ue JO uoIuNj B sk 3w} UoPRAl URS - T FJUNDIJ
“ _ . .'».\ [‘ 5. 3 . - )
~ . . (ssesBop) ALIHVJISIA _
<. / ) )
} ~ ~ .
" L LI - 14 [ 1] (] ] 1) 1] 1/
1 | ¥ v - LI Al v L] N P | \1 4
. ] . ) R ]
vovr:eL - 49
~ 2 . y000 - w
j BEYE - o
' 9818 - !

. sjuewBpni swiws o8 -

\ ~ t
. 5 = . hr“*
: Q @*” -
- . “
. . -
M Se " . .
> - / \\&
~ “‘
C -
“ veEE - 1 L. \\\\ y A
o B golLo” - w . “‘ 0
* , gzoL - o : Oym o
e - 0 \\\\. .
o : siyewspnl owes Q€ . - ‘A‘ . , A
- = o ’ ; )
) “‘ L% ° e R
i e -
. ) . ; NOILION@D SNOINVLINWIS
. -
- \ ) .
N’ . ¢ . )
. | X , _ J
. - . . ) ~ ) N
- - ) . ,VA g .
- T e T ' - e ——n o - —p b.o B

iH

(308




—

extreme familiarity subjects have for the feature cambinations of -
.alphabetic characters, as well as to the large fai_uge of perceptuyal
uprightness enjoyed by 1e{ters. Another indication of the uni-
fomity of performance in this task acrosg subjects is the fact
that since the correlation is so high th€ standard ertor of estimate
is very low. Wheg_;_orrelagionsﬁbetmenvreécth'ion time and <.iegree

of angular disparity were calculated separately for the two types
of "same" stimuli \namely, for normal position pairs and for mirror-
image pairs, tFeDtumed out to be very similar, as did the values

of the slopesr,an intercepts. For the memory conditi(/)n, the

similarity between the two types of '"same' stimuli was also observed.

o

Table 4 shows the sum across ‘all subjécts of errors made

)

in "same" trials and the, sum of -errors made in "different' trials,

!

at each of the angles of disparity for each of thé four experimental

‘conditions. A total error score ("'same' plus "different") across

all subjects is also given for each of Ehe o;'iéntation differences.
The overall error ra.te for the subjects is on the ;werage‘, about
5.87}5 (4 mistakes per 80 trials, on thé average). This fairly low
rate labels the task as'being easy even for unp‘racticed subjects.
Subjects made equal numbers of errors in "same" pair trials as in
"different" pairétrials indicating that both decisions could be made
v;'ith.-equal accuracy. Furthemmore, there‘is no signifiéant cc;rrela-
tion between error scores and angular disparity in either ''same"
trials (r = .392) or-'"different" trials (r = .332), demonStrating
that decisions based on small rotatiaons and on larger rotations can

be made with equal efficiency. Obviously, however, these two types

s ) Lo
+
.
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Table 4 h

{

/

Total enoT in each of the four vonditions in the mental rotation task

A

’ L(’mrs/Slmultaneous Condition

g .0 20 40 60 80 100 120 140 160 180"
Seme arrors: 8 3 3 4 & 17 2,9 11 12
Offwsntemor 120 5 6 13 gk 12 10 8 g8 16

. Tomemrs— 20 8. 9 17 24 B 12 17 19 28

. Letters/Memory Condition

poge 0 20 40 60 80 100 120 140 160 180
emeeros: 0 4 6 2 12 11 6 10 7 10
Diffwenterors: ¢ ¢ 7 7 10 7 11 . 9 7

Total errors: 16 10 13 9

22 18 17 19 14 16
‘ 5

Bag

. 3-D Fiqures{Simuitaneous Condition )
hoge: | 0 20 40 60 80 100 120 140 160 180

Serme errors: T N 12 10 25 28 18 35 39 35
'‘Differerterrors: 26 38 30 31 - 23 30 48 28 17 / 33

" “Toal errors: 37 49 42 41 48 58 66 63 56 68

. 3D Fr’gum/Memory Condition

pog: ‘0 20 40 60 § 100 120 140 160 180 .
Seere arrors: 21 24 31 34 4 41 A 36 42 48
Oiffestomors: 57 43 40 48 41 48 S¢ 53 4 43
Towewox 7 67 71 82 87 .89 8 89 82 O

-
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of trials, "'same" and '"'different”, involve two different decision

processes. Firstly, the function describing reaction time versus,

angular disparity for ''different" trials, can not be adequately

plotted because '"the angle through which ... (tl;e stimuli) must

-be rotated to achieve congruence is not defined'' (Shepard and .

Metzler, 1971). That is: "differﬂent" judgments are not always
arrived at in the same mamer since the amount of rotation
necessary‘to detect incongruence may vary. 0Despite these facts,
for letters presented simultaneocusly, a linear trend exists for
"different" pairs as well (r = .670; m = ,003) ,‘ v‘ihen the Elata is
analyzed in the same way as for "same' judgments. Reaction times
in the "different" trials are slﬁightly longer than in the ''same'’
tﬁals as reflected by the difference in the Y-intercepts of the‘ .
graphs (b = 1.464; by o = 2.524). It should be pointed
out, however, that reaction time and Y-intercept are not directly |
dependeht upon each other, and hence, it is not valways the case
that a difference in one: necessarily results in a difference in
the other. Though two functions may sharea similar Y-intercept
value (i.e®, similar constant ba‘seline factors), one function may
have a faster rising slope than the other, causing t,he mean reaction
time for the fommer to be longer than f9r the flatter functiom.,
Similarly, two functions may have almost identical mean reaction
times, while the Y-intercepts may be quite different. oy
Because of the irregularity attached to "'diff,erent"

judgments on the whole and their lack of contribution to an under-

standing or description 6f mental rotation, measures of performance:
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on "different" trials will not be considered in further analyses.
Onl}/ error scores on ""different" trials will be used, since total
error scores across all trials is a consistent measure of overall

performance ability.

r

The next task, which is considered to be at a Higher level

of difficulty, involves the camparison of pairs of simultaneously
presented complex, three-'dimensional, abstract @d novel"shapes. '
Again, as can be seen in Figu;'e 2, the mean reaction times for
subjects to respond '"'same' is positively and-linearly related to
angul'ar disparity. The correlation between these two variables

is high (r = .8743) and hence supports the mental rot:ation hypo-
thesis., In this case, however, the slope is larger (m/ = ,0156), ‘
indicating that as a whol€ subjects have a slower rate of rotation

for more camplex figures. Along with the increase in slopé is an

increase in both reaction tj.me and intercept (b = 3.334). Overall
baseline reaction times, then, were approximately elevated by 1.87
seconds in the three-dimensional task (3D task) in comparison to
the letter task. Another indication of the increased difficulty
of/ this 3D task is the rise in error rate from 5.87% to 18.66%
{Table 4), an ircrease signii‘icant' at the .001 level (t(sg) =
-5.983, p<.001). Furthermore, "same'" judgments were found ts be
harder to make accurately as angular disparity increased (r = .891,
df = 8, p<.05), whereas ""different’ judgments showed no syétematic
relationship with angle of disparity (r = -.079, df = 8, p = ns).

In-view of the amount of training received by the

sﬁbjects in the original Shepard and Metzler (1971) study, namely,
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Q(t(sg) -2.394, p<. 05) on this task, meaning that they were res-

1600 trials across 8 to 10 one hour sessibns, the similarity ip

the data between their subjects and ou/r unpracticed, naive subjects

(only 100 trials) shows not only tha;:«’/the phenomenon of mental

rotation is fairly robust, but that it also involves rather fixed
processing operations. In particular, this statement can be

supported by the Ifact that\¢Shepard and Metzler (1971) repérted that Ry
the average rate of rotation for f:heir group was around 60° per |
second, meaning that the average overall .slope had a value around /

m 2 .0167. It will be recalled that the slope of the function fn)}/

this condition in this experiment was m = .0156 (about 640 per ’ ' i
second).. The effect of practice, deemed from Shepafd and Metzler's

report, appears basically to produce a‘ decrease in overall ‘baseline

reaction times (theirs was juét above one second whereas ours was !
b. = 3.334 seconds) and in error rate (theirs was only 3.2% whereas

ours was 18.66% - about 6.6 mistakes in 80 trials). It should be

noted here that the discrepancy in slope between Sﬁepéird and

Metzler's data and this data may in fact be actually smaller than '

is observed This because our subjects, in thlS condltlon had a

response bias for saymg "same'" which ultimately has an effect on Lo
the obtained value of the correlation coefficient and the slope. |

That is, our subjects tended to make more ''different" errors

ponding ''same'' more of;én than not when they were making a pre-

mature response (i.e., not campleting the full necessary rotation). v
The implication is that should the subjects be making premature - !

responses in "same'' trials and responding ''same', more often than ,




‘Not only did the memory condition add another dimension to the mental

14

not, then not only in this case do they have a higher probability

for making a correct decision but they also cause the reaction times

to be brought down which in turn causes the cérrelatién coefficier;t
and the slope to be underestimates of the true values for‘mlenta_l
rotation. ‘ |

Reaction times for "different” trials werel not correlated-
with angular disparity (r = .36) ,’slope was small (m = .002), and
the -iﬁtercept valuef (b = 5.382) was larger than for "same" trials.
However, for the same reasons discussed above, théfe will be no
further analysis of the "'different" triais. ‘ .

In general, then, the tasks reported thus far seem to fall

well within the range of ability of normal untrained individuals. _
&o .

b Y

Before examining Figure 3, representing the memory condi-
tions, let us cons;der some of the plausible outcome possibilities. '
rotat;ion task, thereby increasing the difficulty of the task but it
also plééed a time constraint-on the whole process of mental rotation.
Because o{f this somewhat unidue influence, regular indications‘of
increased difficulty such as increased reaction times, intercepts,
and slopes as observed in the case of simple versus complex pattemns,
can not necessarily be expected in the memry;condition. Speculations
as to possible outcomes a.re numerous. Since we know that the rate
of rotation can vary according to the compléxity of the stimuli
(letters versus 3D figures), it could also be possibie that the extra
memory load could force the rotational system to increase its rate

4 o
in order to compete with the memory .constraints on the storage system ‘
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‘of the mental representation. Error rate should not change if the
system can perform this acceleration without difficulty or loss of
information. Slopes would be smaller on account of the faster rate

of rotation and intercepts should be smaller if subjects could get

off to an early start in the face of the memory limitation. On the |
other hand, if the rate of rotation can not be stepped up to a . | -

' /'sufficient speed because of a sudden usurpation of more processing
capacity by the representational system which must maintain an intact {
image without fzu.rther visuai support, then skewed distributions of :
error rates towards the larger angle of disparity should result.
All oth/er meagsures, namely, slope, reaction time, aind intercept
should remaip similar to the simultaneous conditions. It could also
be that the standard rate of rotation is already fast eﬁough so that
the stored memory representation remains sufficiently intact through
the operation of rotation. Then, in this case, the two conditions,
simﬁtmeoms and memory, should look basically alike except maybe for M)
error rate. Finally, if the memory image is not strong enough to o -
endure through rotation at any rate without the supplemen;:ation of
visual feedback, then there should be no correlation between reaction

time and angular disparity, and error rates should reflect guessing.

“ 4

The letter data for "same"judgments in the memory condi- -
tion turned out to be a bit of a disappointment because of the small

correlation between reaction time and angular differences (r = .6799)

[ T

(Figure 3). Furthuermore, points about the best fit line show little
deviation and error rates are not significantly different from the ‘

© letters/simultaneous condition (t = .572, p = ns). Taken -
: (39) P




g, Vo

(r=.777, d&f = 8, p&4.01), demonstrating the difficuljy of the

SSI
together these ;'esults indi"cate' not onl); that most subje‘cts"fomd

the task easy to do but-also that mental rotation was probably not
the strategy which the spatial processing system opted to use °
(probably switched to a verbal-labeling strategy as consistent with
subject reports). Because the parameters of this memory task with

v

letters did not, with confidence, elicit the operation of mental

AR

rotation in subjects or increase the difficulty of the mental Ny

rotation task along a unilateral dimensions, the letters/memory .tas

'is concluded not to be a suitable task.
Group data for the 3D/memory condition ''same’ judgments

resulted in an overall high positive correlation between reaction
P - \

‘time and angular différence( r = .9541). Furthermore, consistent \
e

‘with the possibility that the rotational system is speeded up becaus

of pressure fram the memory constraint, were the lowered values of

}:he s lope G%emory = ,0081 from msinmitanegus = ,0156) an;l the
mterce\pt (bme mory =«2.456 from bsimult aneous - 3.334), Here too

though respanse bias. (t(3§) = -3.09, pZ.01) to say "same" may be -

also partially respansible for the small value of me Error scores,

on the other hand, revealeci that this {:ask, however, was i;ldeed‘more ’ -
difficult than the simultaneous’ task since the overall error rate ‘
became significantly higher (t(39) = -2.522, p4&.001). In addition,
for "game" trials more errors were made at larger angle;s of disparity
operation. "DiffeI:ent"' judgn;ents, on the other hand, showed no sys-
tematic relationship with angle of difference (f = -.216, df = 8,

¢

p = ns). In further support of the hypothesis of accelerated rotation
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rates is the fact that no speed-accuracy trade-off was found to

1 -
occur in this task, in that, longer reaction times do not correlate

~ with fewer mistakes (r = -.041, df = 8, p = ns).

Though all the measures used, namely, ;orrelation \
coefficient, slope, intercept, and reaction time.are interrelated,
only the correlation coefficient provides the necessary indication
that mental rotation was the strategy adopted to perform the gask'.

Slope, for instance, could be deceptive since it is.possible 6 have

a positive slope and yet have a low correlation between reactiocnh

time and angular disparity. On this basis, we proceeded to select |
a critical value for the correlation coefficient (r>»-.632, df = 8,

p <.05) -and to compare this criterion value to each subject's c01:-
relation coefficient for each of the four mental rotation conditions.
This gave us an indication of the number of subjects who were com-
plying with the requirements made of them, namely, to,try and solve
the problems by mentally rotatiné the stimuli. Though evaluations
of the absolute performance of each subject in eac*;h condition des-
cribes the data, we were more interested in examining individual n
differe;;cés in performance as a function of increasing task demands
so that constant performance factors could be palitialled\ out and
significant differences in proceé"’sing operations between subjects
could be revealed. Across the three condition-comparisons made, «-
namely, lettefs/sinﬁﬂténeous (L/S) versus 1efters/memory (L™, 30/
simultaneous (3D/S) versus 3D/memory (3D/M), and L/S versus 3D/S,
there we(re' four possible performance groupings. These gro@ings

were based upon the significance of the correlations, namely, signi-

'
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ficant/significant (S/S).significant/nonsignificant (S/N) , non-

~ significant/significant (N/S), and nonsignificant/nonsignificant

(N/N). It should be noted th}at lettérs/memory versus Zﬁ/memory

was not included as a comparison due to the irregularities intro-

duced by the memory parameters. Basically, what the above describes

is a series of three cdntingenqr tables, presented in Tables 5a, Sb,
and 5c. The cell frequencies in these contingency tables provide an

index by which the tasks can be evaluated in terms of difficulty and

- association., Performance measures (r, m, b, error, and reaction tiimes)

were then calculated for the performance profile subgroups in order to

~better characterize individual differences in perfommance otherwise

masked when taken across all subjects together.

Because of the minimal practice our st;l_njects received
and the relative difficulty of the ta;ks, problems in this study were
bound to arise cor;ceming the issue of task performance variabili-
ty. How are subjects who deviate from the path of expected results
(i.e., groups S/N, N/S, and N/N) to l;:e accounted for? iThis issue
is clearly demorstrated-in the case of letters/memory, Here subjects |
completed the.task with extreme efficiency.yet because of the very

small correlation between reaction time and angular disparity,”it
. /

hqg to be concluded that mental rotation was not the adopted processing
. . A

'strategy. Clearly, the 'spatial” ability of the subjects is’ confirmed

yet this task must be judged not to be particularly useful for our pur-
poses. Since though we may want to point out differences in spatial

abilities among our subject samples, namely, normal, at- risk,

@
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Contingency tables for mental rotation tasks

Table 5a

Letters [ Memony ®
dgmﬂunt nonsignificant
'3
s 4 2%
7
E o
3
5 2 .10
2
2
. 6 34
3D Figures | Memory
, slmmgns n 1gnif)
g
g 10 13
3
I3
g
5 4 13
-
s ‘\
[
%
3D Fgures | Simultaneows
—tignificant _____ nonsieqificant
§ 4 9
[
3
5 -
3O 4 8
]
s
2

¥

e

e
Table 5 "

12

17

12
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and diagnosed HD, we want to be able to say something specific about

_ this difference, namely, that its source is, or is not, located

within the assemblage of operations involved in mental rotation.
Hence, in effect, all tasks or at least the base-line-condition
should be performed to criterion (i.e., through the use of mental

rotatlon) by all nomal subJ ects. . With thEs in mind, let us look

_at- how well the different mental rotatlon tasks vin this study fare. .

Let us first examine the contingericy table for the L/S

versus L/M conditions (Table 5a). Out of the 40 stubjects, 28 had °

s"lgmflcant r's (éorrelatims)" in the simultaneous condition which
means that about 70% of the subjects were performing the task by
mentally rotating the letters. However, introduction of the memory
condition resulted in a sighificant change in operational,stxateé'y
across S\ijeCts: Now only 15% of the subjects had significant r's
and hence could be said to be using :méntal rbta.t'ion consistently
to. i)erfom the task. This change in performance strategy is re-'
flected in a significant change in the distribution across the con-

tingency table (X° = 16.96, df = 1, p<.001).f It should be noted’

here that becduse’several .chi squares were computed on the same

data, the alpha level was cofrected to .001. 'Furthermore, the

overall association betweeri two tasks was not significant (XZ = .08,

Cdf = 1, p = ns) 1nd1cating that the tasks d1d not differ along a

smple dimension- as far as perfomance was concemedf In addition,

"a non51gn1f1cant T was not related to poor\'pgrfomz{x/ce since total
‘error rate for the /5 ggoup is not 51gmf1¢ant1y d1ffe5ent from
T .that of the S/N group (even at,in mcomcted_alpha level which

-~ ¢
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for the t-tests is actually .005) (t (26) = -.514: p = ns) or the
! . N/N growp (t az) * .055,-p = ns). These comparisons were made on
a the data presented in table 6a. However, it could be argued that
the subjects in the S/N group may'have been having trouble with
rotation in the memory condition because both the S/S group and the
”I‘:S/N gr@ sho:l a 'Change from higher to lower slopes across the
two conditions, but neither the N/S nlor“the N/N group show any
dif,fenre‘ncbe in slope. WheEea; the S/N groups ma;y be attempting to
perform mental rotation, ,the N/S and N/N*groups may bé using same

\ - A
‘\ other altemate strategy. If the S/N group can not catry out

reliable initial rotations “on all trials in the memory condJ.tlon,

then they may be forced to begin the.rotation again in some

Pt ..,

" instances. The effect would be erratic reactions which would "
ultimatelf result in the low correlations obtained for this group.
In this case,' error rates would not necessarily be affected.

Examination of the SD)S to‘ 3D/M contingency (Table Sb)
also points to the notion that the task processing requirements

k- inherent in the memory condition seem to be functionally adaptable ’ / -

to altemate processing Stvrategieb.s. In this case, though 57.5% of

. . the subjects had significant r's in the simultaneous condition,

65% of them do not have signifi‘cant r's in the memory condition.

The change in the distribution across the contingency table did

. A-;;: " Coee .not reach significance however (X = 2.37, &f = = ns).‘ On the
other hand the overall chi square was not 51gnlf1cant either (X

.945, df = 1, p = ns) suggesting that in fact the two tasks are

not associated. Again, as with the letters, 7théAS/8 groun did not -

/ * . !
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make fewer errors as they went from the simultaneous to the memory

22) ™ -2.018, p<.1) or the N/N

group (t (20)_5 -.2‘13, p = ns) even at the uncorrected alpha level.

task than did the S/N group (t

. 7
- As in the'letter condition, it also seems possible in this case

as well that the S/N group may be performing mental rotation in
the memory conditian but not in a steady consistent mammer. Again
the evidence to suppﬁrf this notion comes from the observation
that the p}'ofile of measures for the S/N group shows similar trends
to that of the S/S group, namely, decrease in slope, intercept,' /
and reaction time. The zlata being referred to here is presented in
Table 6b. The N/S and N/N groups, on the other hand, do not .show
the same difference trends across the two conditions. Because of

the number of t-tests computed for the mental rotation task to

compare the various categorized groups of subjects, the alpha level

had to be adjusted to .005 and for this reason few of the differences |

Teached significance. However, it shoﬁld be pointed out that those
subjects in the S/S quadrants of the L/S-L/M and 3D/S-3D/M contin-
gency tables showed results consistent with the expécted outcuvgs‘{
according to the ovérall data trends. . That is, in both sifuati

thert/a wds an observed decrease in slope, reaction time and for .the

3D 7/351( a decrease in Y-intercept.

The only comparison which showed a change in performance

q in the direction we had hoped all the manipulations would yield was

that between L/S and 3D/S, fep{esented in Table 5c. Though the
overall chi square did not reach the corrected level for significance

of .001 (X* = 4.097, df = 1, p<.05), this at least showed that

9
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performance under different degrees of pattern camplexity was related.
Furthermore, the change in perfommance strategy was not significant

(XZA =1.231,df =1, p =ns). While 47.5% of the subjects performed

" significantly aCross the two tasks, only 20% did not use mental

rotation at all and 32.5% switched strategies. The S/S group showed
results, found in Table 6c, which followed the overall trend in the
data. That is, they showed significant increases in reaction time,
from the more camplex stimuli (t(1g) = <10.843, p<.001), significant
increases in inte;cept (or baseline reaction time) (t (18) -7.786,
p<.001), significant elevations in slope (£(18) = -5.5, p<.001)
indicating longfr rotation rates, and significant rises in error
rates (t (18)‘ 5.192, p<.001) as would be expected from an increase
in difficulty. It is hard to know what is happening in the S/N,
N/S, and N/N groups that make them.different from the S/S group,
since in general, aTl the re'sults lie in the same direction. All
groups, for instance, show tendencies for larger intercei)ts and

longer reaction times. Groups S/S and N/S show trends for increases
Y . .

4

in slope. Though‘the performances differ.as to the values of the

correlation coefficients, it is not clear whether the change in
correlations reflects the use of altemate processing strategies

or whether it reflects a significant increase in performance

variability. None of the measures, not even error rate, can give

us a clue as to the validity of one or the other hypothesis.

This leads us to the conclusion that perhaps subjects

/

should be given more practlce in the event that they eventually all ‘

.may be successful in maintaining a reliable and consistent mental

-
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rotation strategy. An increase in trials in the L/S and particul-
arly the 3D/S conditions may be compensated for by eliminating’ thJe
mémory conditions. The data suggests that the pérameters or
characteristics of the memory trials are not selectively conducive
to t}ze use of mental rotation to accomplish the task and hence these
aconditions are not suitable for our purposes, namely, to test
spatial abilities including memory for visual patterns, related

to the operation of mental rotation. Same other type of task will
have to be devised in order to get at the memoryuaSpectsjof
rotation. . . ’ /

The lettefs/naemory condition, in particulaf, alerted us
to the possibility -of interference stemming from verbal-labeling.:
In order to avoid the use of verbal strategies and in the light of
the effect on perfo.nnance of stimulus complexity, it is’ thought‘ :
that in future work letters should be replaced by simple yet

novel patterns lacking in any distinctive features.

1
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Chapter 5

Results anq Discussion for the Visual Scan Task ,

In the visual scan paradigm, a linear relationship
between critical row and reaction time means that a scanﬁing
strategy: was adopted to perforn the task. "Linearity implies * L
that the time taken to scan each item does not change from cne
end of the list to the other" (Neisser, 1963). The higher the
coxtrelation between these two variables, reaction time and target
row location, the steadier and more systematic the scanning
behavior is purported to be. Task difficulty is reflected in
elevafims in slépe, reaction time, and intercept. Interpreta-
tion of results is more straightforward in this task than in
me'ntal rotation because alternate strategies/ from scanning appear
to be eorrelated with poorer results. It should be pointed out
that in this task, nme‘ of the measures (r, m, b, and RT, that is,
correlation, slope, y-intercept, and reaction ti)me', respecxi\?ely)'
~can be looked at'in isolation. High average reaction times may
represent an increase in élope, that is, an increase in scanning
time per row. Or high mean reaction tgmes may represent an erratic
scanning behavior,gri' some of the trials. Qualitatively different
types. of pérfomance, then, can be depicted by the same statist;c.
For this Teason, all measures are necessary in order to obtain a -
true picture of pe;‘fonnanoe. ’nr

o
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Figure 4 through 8 were constructed by averaging the
reaction times z;cross all subjects fc;r each critic:al row for each
of the ten conditions and plottmg them agamst the critical rows.
Row length, trial type (present or absent), number of target e ‘
letters, -distractor 1tems and characteristics of the context ’ ll
1etters all had their own effects on the overall data. Though
the group results indicate trends, the main emphas:Ls in this

P B
- El

study i5 on individual differences in task performance over and..

‘ —
¥

above constant individual factors. For this reason, no statistical
tests were conducted on the group data, it is only described to v
~ help in the interpretation of tendenc1es within 1nd.1v1duals

Doubling row length from 4 letters to 8 1etters causes

L WS

prdcessing time to increase, a finding reported by Neisser (1971).

,’As depicted in Figures 4 and ST slope becomes elevated Meour 1 ° ) o . ~

.389; Meight 1 " .836; m'i’our 0'-,.546; ’“Eight o = 778 as do‘es.‘

) intercept (bFour 1 -.7.28; bEight 1 = 10.20; bFour 0 = 5,253 bEight 0

2 6,047) as the number of letters increases. The range of reaction °
times across critical rows for the FOUR (4 letter) conditions is

from approximately 5-7 seconds to about 23-26 seconds, whereas the

- range for EIGHT 1 and EIGHT 0 is between about 8-12 seconds to 36- ' ]

40 seconds, not quite twice as long, as pointed'out by Neisser
(1963). Correlations, on the other hand, did not differ that much
‘CrFour 1° .879; rElght 1° .848; rFour 0= 977, rE'ght 0™ .970),. |
indicating that despite row 1ength changes the strategy of the
scannmg behavior for the two types of lists (present and absent)

/ was not affected by row length.
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. Neisser's weil—practiced subjects became extremely
efficient at performing the '"present" conditions over and above
' the "absent" ;:onditicns. Ne:isser explains this finding by
..  arguing that the effect of priming was most acute in his highly
'train‘eci subjects ,, causing the critical property to be picked

P and processed in every line in the absent conditiag. ‘Because

, of this, the "absent" ccnd1t10n can never exceed the "present"

-

condltlon in. speed even -in hlghly tramed subjects. In the
'present data, this finding of lopger processing time in '‘absent'
conditions was only found in the 4 lettéf condjticixs, FOUR 1
and FOR 0 (mg, | = .389; mg_ o= .546). In‘ the 8 letter

condltlons sub;;ects had higher slones, as a whole, in the EIGHT

1 condltlon (mE ight 1 = .836; mﬁzght 0" .778) . ThlS discrepancy .

may; arise as a-result @%\ack of inadeguate practice at the task.

Another i:}terésting* asfpect of\"absént" conditions deemed fram

‘\the data, is the fact that these lists, g‘? particular, induce the-

,adoption of a very systematic scanning strategy among individpals
as reflected by the very high rcorrelatim coefficients evident

.977; r - .970) .

$o " t L) 2
In the '"absent" conditioms, (rF our 0 °

Eight 0"

In general as well, intercepts in the "absent" cmd1t10ns are
x

lower (bFour 1 7,28 b.Fou 0 = 5,255 bELght 1 = 10.20; bEJ.ght Q

= 6.047) suppor'cmg the notion that there is a lower probablhty
ahsent" lists for subJects to niss the target letter. than

"present" lists. .

- EIGHT 2 shows a profile of rebult ' found,in Figure 6,

+ typical of 'ngystematic, erratic search. - The ow correlation and *

75
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high intercept indicates unreliable performance (r = .447; b =
45.51). Though linearity exists, the variability about the best

fit line for this trend is very large.

The three distractor.conditions (Figure 7) produced

ery interesting results across subjects. They seem to e{nphasize
e importance of 'haﬁng the scanning response be continuous,
régular, unbroken, automatic, for maximum efficiency. ' I§ was the
condition in'which the distractors were context letters but wefe
sepjrated from the center relevant 4 letters (EIGHT 9 space) that
caused subjects, taken as a group, tc; go out of kidter as shown by
the relatively Jow correlation (r = .668) and large intercept (b

= 14,5) for this condition. A description of what might be going

~on in EIGHT 9 sp;ac:e could be that subjects were tryiné to avoid

scanning through the exterior letters, resulting in a disruption -

of the, fluidity of the scanning behavior. Search becomes more

disoriented. The XX dls;ractor conchtmn FOUR 9, actually y:xelded

almost 1dent1cal results’ to FOUR 1 (r .879, r 873,

Four 1
Meour 1 = .389, » Meour 9 -379; b1‘our 1 =7.28, bI-‘our 9 = 7.29) 3

Four 9

9 (no spéce) trials showed evidence of a regular search pattern
though the dJstré,ctors affected sub;ects in such a way as to cause
them to have longer scannmg times, in that slope was eleva‘ged

(m = 1.073) from the regular EIGHT 1 condition (m = .836). .

> ’Figur;a 8 shows clearly tjhe effect that the phys.{'cal

racger‘S\tics of target vand context can ‘have on search bé'havior.

panty features between target and context letters as in

. )
“ N P
. \ \ \ ‘
' . . S
v N . .

' an_d hence' can not be said to have induced distractich. "The EIGHT .
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v overlap between target and context. EIGT 7,

(24

EIOG-I"I‘QB, permi_té scanning to be 'speedy and systematic, reflected

in the shallow slope (m = .432) and strong correlation (r = .842)

in comparison even to EIGHT 1. The increase i scanning speed
would be explained by Nelsser to arise from the possibility of a
more 51gn1f1cant prmmg effect because of the| minimal feature
the oth'er hmq,
in which the 'carget4 and context ‘letters §hare certain feature
characteristics had the effect of causing subjects, as a whole,
to sacrifice attentional efficiency for scaminé speed. That is),
the slope (m = .817) is similar to the EIGIT 1 condition but be-
cause of the reduction in priming distinc’éive_ness » subjects tended
to ofteh miss the target on the first scan.,K Intercept is augmented °
on account of the reduction in search accuracy (b = 31.77) and .
the correlation falls (r = .568).

Though. t the group data lies basicall)" in the directi:'ons
reported by Neisser (1963) the ovei’all pattern of results may |

be mlsleadmg with respect to individual ferformance of pe{rtlcular

. interest is the agsessment of scanning strategy across these .

various gonditions for each individual.' The data was' reorganized

to pémit the range of individual differences across the different’
4 J L—
‘conditions to became more obvious.

14

tables were set up (Tables 7a-7J) in order to make pairwise com-

For |this purpose, ¢ontingency

P ’

parlsons between some of the loglcally lated COIldlthnS. The

.fables were' ccnstru(;ted in the followm manner. . Since the cor-
relation coefficient is a. good measure of scannlng performance, each

subJect sT foz4 each ‘of the tasks was eyaluated as being either

\
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Table 7
. Contingenty tables for the visual scan
Four O
T‘bk 7& ugnmcu:t nonsignificant
-
I
3 .18 1
Four , / T
<j ]
. s g 12 9
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30 0°°"
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Table Tb Eight O
N significant nansignjticant
7
v
4
5
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7
5"
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Table T8 Eight 1 .
significant nonsignificant
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o ,ﬁ 1 g 19
Four 1~
9 12, 27
20 20 40 ’
Table 7Th
. Eight 8 ‘y .
significant nonsignificant '
11 8 19 -
Eight 1
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significant nonsignificant
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significant or nonsignificant ‘according to a predetermined criteria,

namely, the ,05 level of significance for correlation coefficients
for df = 14 (r>.497). Frequencies for the four cells in each of

the contingency tables were then obtained by grouping sﬁbjects
accordmg to theu' performance patterns (i.e., S/S or significant/
significant, S/N or s1gmf1cant/non51gm£1cant N/S or nonsignificant/
significant, N/N or nm51gnlf1cant/nonslgnlf1cant) One subject's
data could not be used in ﬁﬁfe of the (condition comparisons.

Let us begin with a look at how the same individuals
performed under both the FOUR 1\ and FOUR 0 conditions.. The con-
tingency ;able”Crable 7a) representing this'comparison shows a '
dist'ribution, whichq under the corrected level of signi;fiéanc
(p<.003) demonstrates a nonsignifita;lt associati;n chi square
% = 5.647, df = 1, p<.02) but it was at least in the desired
direction for meafingful performance assessment within subjeqts.
Unfortunately, there was quite a strong tendency for change j
écmming perfé)rmance within subjects, (X% = 7.692, df = 1, p<.007)
even though it did not reach significance under the stricter alpha
level adopted. The above means that scamning behavior in one:
condltlon is not a good indicator of scannmg behavior in the’other
condition. While only about half of the subJects showed systematlc
scanning in FCIIR 1 (as represented by their significant r's), about

3/4 of the subjects scanne systematlcally' in FOUR 0. This finding

is consistent with the group data describing these two conditions.
Here again the "absent" ¢ondition stands out as being able to in-

duce regular, systemati

v by . - hd

o

search in subjects. f? S o
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Comparison of EIGHT 1 and ﬁIGHT 0 (Table 7b) shows no
association between perf‘max'xce across the two tasks (Xz = .914/)
dfF=1,p= né) and furthermore, the change in the distribution -
of significant ton ‘si'gnifican‘t is 'significant ()(2 = 11.529,
df = 1, p <.001).
had half of the subj

in the FOUR letter conditions, EIGHT 1 only
cts performing systematic search while

EIGHT 0 had 35 subjects performing above criterion. Again, this ’
is consistent with group findings which suggest that subjects
may need more pfacti e in the "present" conditions in order to

develop a more robust search strategy.

Three comparisons (Tables 7g, 7h, and 7c¢) believed to be

. ! s .
‘straightforward ways/ of obtaining consistent changes in performance

within individuals are those betweénr FOUR 1 and EIGHT 1, EIGHT 1

 and EIGHT 8, and 0 and EIGHT 0. The first two of these com-

parisons, strangely enough, yielded contingency tables (Tables 7g
-and 7h) reflecting random distributions. . There were no associations

()(2 = .,902,df=]1,p = ns and X2~- .033, df = 1, p = ns, respec-

tively) and no consistent trend regardiqg change in performance
(x* = .059, df = I, p = ns and X* = .474, df = 1, p = nis, Tespec-

fively). Furthe ;'e\, only about half of the subjects had signifi-

cant 3's in EIGHT|1. Similarly, EIGHT 1 and EIGHT 8 showed this

division among subject performance. Cau})ari'son of the "sbsent"

“
-

conditions, however, revealed change in perfomam\:ge characteristics

in the direction optimal for making valid ;;erformancé ’assgssments
of individuals. at is, there was a trend towards a. signif'icant“
assbciation chi square (X° = 6.171, df # 1, $<.02), showing that

. N , o t

o
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performance traits within individuals was related across‘ the two ,
conditions, and furthermore, there was no signlificanﬁ indication
of change in perfomance (X° = 2.286, &f = 1, p = ns). In this
case, 29 subjects performed above c;'iterion in both tasks ,‘ only

4 did not reach criterion in either task, and 7 in all underwent

a change in'scanning behavior.

Cc'mparilsons of each individual's performance with one
target letter and with two target letters showed the two tasks not
to be fundamentally related (Table 7i). In.addition, only S
subjects out of 40 had the ability to engage in systematic scan
across the two conditions, leaving 32 subjeclzts unable to adequately
perform the EIGHT 2 conwdition. For this reason, performance on

EIGHT 2 can not be compared to performance on any of the .other

conditions. EIGHT 7 also produced a distribution similar to EIGHT

2 in that 30 of the 40 individuals did not find it possible to

]?' .
engage in systematic search. Only 8 individuals were successful '

in scanning both EIG‘H‘ 7 and EIG-H‘ 8 (Table 73) in a systematlc
fashion, These findings showmg that the maJonty of subjects are
mablc; to do EIGHT 2 and EIGHT 7, give support to the overall data
which is characterized by great variability. Furthermore, this
variability can be said to arise not mérely from just a few very
poor subjects. l’ ‘

Condition FOUR 9 turned out to produce similar results

withinqindividuals to FOUR 1 (Table 7d), a finding also found in the

< group data There was 51gnlf103nt association between these Two @ .

. tasks (X 9 291 df = 1, p<.003) and no significant change in

Rl [ ! °

e _
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performance (X° = .400, df = 1, p = ns). However, as with FOIR I,
mly goutl half of the subjects attained sigp'ificant r's in FOUR
9. Hence, though these two tasks are related in temms of perfor-
mance, the tasks themselves are not clear-cut in the scanning
strategy they provoke. Perhaps, by giving subjeéts additional
practice this‘ effect could be ameliorated and perhaps a slight
difference between FOUR 1 and PCIJR § could be obtained. As it is,

however, the two tasks show no gradation in difficulty and hence

the end effect is as if FOUR 1 were presented twice, and hence | .

FOUR 9 is redundant.
The two remaining camparisons made with distractor
conditions, namely, EIGHT 1 and EIGHT 9 (space), and EIGHT 9 (space)
and EIGHT 9 (no space). Tables 7e .and 7f present the results _ ’
which appear to be randomly distributed across each of the contingency

“tables. Neither associatiox‘i'chi squares O(Z =1.242, df = 1,

P * ns and X = .094, df = 1, p = ns, respectively) nor the cﬁange

chi squares (XZ = 1.00, df = 1, p = ns and X% = 222, df =1, p =
ns, respectively) were significant. ‘
Hencé, the only w0rt5hwhilg comparisons in performance

within individuals turned out to be between FOUR 1 - FOUR 0 and :
partic.ularly between FOUR 0 - EIGHT 0. Perhaps, with more g;'acticé,

EIGHT 1 versus EIGHT 0 may also become a useful comparison. In

other words, FOUR 1, FOUR 0, and EIGHT 0 tqgethér ‘were able‘to

reveal consistent individual differences among subjects. | .

Let us now examine in more detail what the scaxﬁling -

"performance per se locks 'i;ke within each of the perfoﬁnénce profile

e o A i, thae o
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groups (i.e., S/S, S/N, N/S and N/N) across FOUR 1 - FOUR 0’ and
EIGHT,1 - EIGHT 0 and FOUR 0 - EIGHT 0. Tables 8a, 8b, and 8c |
present gue mean correlations, slopes, .in';ern,:eptsi, and feaction !
~ times for the subgroups in the three camparisons. - Performance
of the S/S groups for the FOUR 1 - FOUR 0 andEICHI‘ 1 -EIGHI'O
camparisons resulted in no S1gnl£1cant changes on any of the
- 4 measures Faken, namely, m, b, and RT. Only the slope in the

EIGHT comparison revealed a tendency to be higher in the "present"

condition ’(t = 2.432, p <.05), a finding already mentioned
(18) g p 8

in the discussion of the group data. This trend, opposite to that
reported by Neisser (1963), is taken to imply that our subjects
" were not adequately p?acticed.— The lack of significant change
5 ’ within these groups indicates that a consistent scaﬁn’i.ng strategy
e was maintained across both types of lists. The S/N group consists:
of a‘xly e person in i)Oth comparisons (FOUR and EIGHT) and in

both/cases this subject shares a similar performance profile to \ o

axi

the S/S group, that is, no signi'ficant changes in any of the
measures. Furthermore, each of the two subjects had average

intercept values in the secorixd'conditicm (FOUR 0 and EIGHT 0,

g respectively) which way exceeded the intercept value in these
{ : <
§ conditions for the 5/S groups. It appears therefore that both of
b ‘ g
g , ' these subjects were having difficulty with the "absent" lists.
|

On the contrary, subjects in the N/S groups for the two comparisons
(FOUR and EIGHT) revealed signs‘of poor perfm"mance on the "presen;"'; C 1
‘conditions. The average slopes for‘-l.:oth N/S groups w.erel low in
| camparison to those c\:f the S/S‘groupé,' while fhe intercepts'ware . ‘ . t

A
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. higher. The N/N group showed lack of scannmg ablllt)’ in both

A%

the "present" and "absent" qondltions for both the FOUR and EIGHT
e

companson;. Both N/N groups evidenced low slopes and }ugﬁ

intercepts in comparison to.the S/S groups. In ge/neral, however,

~ ‘ , |
Xeacf;ion times across all the groups for both comparisons were L

airly consistent which means that subjects in the S/N, N/S, and
N/N groups forfeited accuracy for speed. - ! .
Finally, the S/S group for the FOUR 0 - EIGHT 0 compari-
son yielded tendencies towards significance in the expe'cted
directions, namely,tincrea.éed slope (t,q) = =6.686, p <.001).

9 7/

Intercept, on the other hand was not affected |t -1.170,

(28) ~

p =ns). Thus, while a consistent scanning strategy was maint/aiped,
pro\cessmg time per row increased as the number of letters per l o
row was increased. This plcture fits the overall data trends
* as well as the findings observed by Neisser (1963) . As in the above
" two canparisons, the S/N group, égain composed of one person in
: this case, had difficulty with the second condition, namety, EIGHT
0. His average intercept value is much higher than that of the
S/S group, indiciating unsystematic scanning. “ Similarly, the N/S
group perfomms poorly on the first condition (FOUR 0) as mdlcated
- by their low mean correlation and high average mtercept in that
conditi‘on in comparison to the values of these measures for the
S/S group. Finally, the N/N group appears to have difficulty with | , \

both of the gasks since their mean slope is low and the mean

intercept is high with respect tg the s/s group.

- ) - It should be mentioned that sex and task ability were not

’
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related. There was also no relationship within subjects between '

.in the other task.' Because of the lack, of adequate reprdsentation

a ! ¢ " A
campetence in the ‘mental rotati?n task and competence in the -

visual scan task. That is, knowledge of an-individual’s/perfor- .

‘mance in one task was not helpful in predicting his perf?mance - 1 (

Q - -

L, ‘e \
of all age groups within the range covered by the stubject saple,

. [
no conclusions pertaining 'to task performance and age could be \
made. o o . '
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Chapter 6 - . ' ,
Eicperimeﬁtal Test Performance and the .

s

Luria-Nebraska Neuropsychological Test Battery

v x

-~

7 N -

Table 9 gives both the range of scores and 'the median
scores all subjects, except for four who were unavailable for

testing, for each of the subtests of the Luria-Nebraska Test '

~

and for the total score. Figure 9 shows the distribution of totall
scores for alhl subjects. ¢

The question addre/sseﬂd in this, section of the paper is
whether individual diiffefe;cesf;}in pérfomance across the various
tasks evident both in the me'ﬁytal rotation and the visual scan
paradigms are ‘consistently rélated to the Lufga Vision subtest

and Luria Memory subtest which represent an indegndent, standar-

dized measure of visual and memory functioning. These two subtests

Q-l‘)

were selected on the basis of their face value relationship with

&
)

the two experimental paradigms and because sufficient variability
was obtained between subjects in these scores.
To begin with, it was.necessary to choose a measure from

dntal rotation task which best represented/each subject's

ability in performing the spatial dpe/rations inherent to
-
) ental task. It was settled that the change in total
! ' 4 ,
error scores obtained by comparing error scores from one condition
/ ; ,

to those fram anot:her more difficult condition would be used, since

4
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these measures are taken to be indicative of performance success=

" fulness Tegardless of strategy adopted. In particular, the two

’

scores used were the difference in total errors ( that is, the sum -
of errors made on"\'same", pairs, plus errors made on "different"
pairs) bétween the 3D simultaneous condition and the 3D/memory

-

condition and between the letters/simultaneous 'end the 3D/simul-
taneous conditions. When multiple correlationsrbwere cmxg}meg o
re}ating both the vision and memory §ubtes£s to the two change in
total error scores, both valu'es.were ’significant avt' the .05 level
for_ the derived critical value of Ty 73 which is R = .385' df =
2,40, p<.05). The multiple correlation relating change in errors
frcm 3D/simultaneous to 3D/memory to the subtests is Ty 23 " .449

and the multiple correlation between the change in errors from

letters//snnultaneous to 3D/51mu1taneous and the subtests is T 23

«

=413,

1}

With regards to the visual sean task, change in slope;

from one condition to the next was used as a measure of visual

s
@

scanning competence and this measure was tested for assgciatien
with the Luria subtests by a multiple correlation computation.
The‘ associatioh;bef:ween the vision and memqry ‘subtest scores and
the change in ‘s with respect to conditions FOUR 1 and FOUR 0
yieided a multiple correlation of T 5z © .144 (df = 2,40; p =
nss,-when actually a negative correlation is expected since the
change in slqpe ‘from FOUR 1 to FOUR 0 is ,negative. Similarly, when

the multiple correlation is camputed with respect to the change in
. -

slope fram FOUR 0 to EIGHT 0, the correlation obtained is again in

’ !

7

‘
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! . _ Table 9 , q 2 : . .
Luria-Nebraska Neuropsychological Test Battery Scores (Subtest scores and total summary score) °
¢ , ] - —_‘
Luria Total[ . . Luria Reading - 5
ange: [.5-57.7 range: 0-3 R
median: 77.28 * medien:  0.77
<, ' ' .
Luria Vision . \ ot
Tl ¢ 0-11 _ .
) 1 M‘: 2. ’25 K !
Luria Memory : ) . - 8 c
b, ronge: 0-8 ) ‘ ]
) medisn: 7.93_ . . ‘ )
Luria Vision plus Memory - ; : "
ronge: O0-13 < . .
medisn: 5.76 i
Luria Motor ', - '
~ ange: 0-38 . N >
, medisn: 22
. A - ; °
. .t ° N s al
Luarla Acoustic ! 7 .
‘range: 0-7 : ' .
- medien: 1.75 ' :
Luria Tactile’ J . b «{ -
mmngs: 0-8 o, *
' medisn: 0.4( ]
J b
N o . !
L‘,urjia Arithmetic / o
’ range: 0-6 S v
medisn: 0.5 N .
\ .
Luria Intellectual _ '
1 _range: \ 0-20 . .
- median: 5.7 . . '
" - £ Y ’ } \
Luria Expressive -
ronge: 0-9 < '
medisn: 086 | . K
Luria Writing | . .
. onge: 0-4 _ . .
© medisn: 0.77 " .
Luria Receptive : '
rongt - 0-2 '
A
medme:  0.28
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the W{mg d1rect10n (rl 23 .128, df = 2,40; p = ns} since it

should also be in the negatiye direction.

’

These fin&ings have two possible interpretations. ©ne

Pre 1

is that scamning strategy is not assocmted w1th the functmns

tapped by the Lurla-Nebraska Vision-and Memory subtest 'I'he

other ‘possibilit,y -is that, for e;cample , the S/8 subjects' perfot-

mance across the tasks is related to the Luria by some trend,

- fad
“let us say, a negative linear trend, while'the remaining subjects
! [v]

making up groups S/N, N/S; and N/N may not be correlated with the

EY

Luria on account of more variability within their visual scan

)

‘The overall outcome, »;hen upon combmmg the data is
\

the lack of meanmgfu‘l relatlonshlp

measures.

L4

S In order to explore this second hypothe51s furt%er

two frequency distributions we;e set up representing the numy-f

of subjects within each’of the perfomanée -profile groups (S/S,
S/N, N/S, N/N) across FOUR 1

who \ebtained joint Vision @plus Memory scores above and below the

med“iar} for .thg total group joint score. Unfort'w'{ately, the ~
cell freguencies were not large enougb.t\'o warrant the u.;,e of chi
squares and hence no conclusion cczu'lj_be made with /f/eépect to
the secénd hypqt'hes@s s oL 1 \

.
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7 | Chapter 7 . .
% o . . . '
\ General Discussion and‘'Conclusions o
‘ ¢
1 . 0 ! -
s The purpose of this study was to describe individual
s

differences in performance in a task involving spatial abilities,

namely, mental rotation, and in a task involving selective

-~

attention, namely,rvisual scan in untrained subjects. In order
. )

to partial out uninteresting constant personal response factors,
subjects were tested across a series of con'ditions, defined on
an a priori basis to be of graded difficulty, within each paradigm. |

whth respect to mental rotation, the conditions which

were. most successful in allowing us to obtain relevant evidence

of c‘onsistent.individual differences in performance as a function
of increasing ta§k difficulty were Letters/Simultaneous and 3D/
Sinmlta;leous. It turned out that the memory conditions irtroduced
more performance variability th!an céuld be éasily explained by
an increase in tas‘k difficultyrfrom the simultaneous mental rota-
tion conditions. Interpretations of the memory data then can only
be épeculat;ve, since the results reflect the use of strategz;.es
other than mental rotation.

Two suggestions for improvement of the mental rotation
paradigm follow fprtm some findings in the data. Firstly, it was
'br;lght up in léfter conditions that subjects may have taken
advantage of verbal labeling. In order to prevent the use of

7

96
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verbal strategies, it is suggested that inffu»iur'e, letter stimuli
be replaced by simple ye‘E novel nonsense patterns, lacking any

o
apparent distinctive features.

b

13

Secondly, since most, if not all normal subjects should

be able to perform at least the baseline task to criterion (name-

ly, mental rotation with simple patterns), then more practice
should be- given to subjects. In addition,’ in order to .i_ﬁc;'ease
the number of subjects perfcmnjj}g to criterion in the 3D trials, |
the\SD task could perhaps be hade a little simpler by constructing
3D stimuli which can be rotated in the picture plane instead of
in depth. Though Shépard and Metzler's highly trained.;ﬁjecté
could perform in both these rotations with equai ease, ;'difference
n{ay be noticléd in relatively wunpracticed subjects. ’ v

In the visual scan paradigm, changes 1n row length arid
in type of list, present/abseni, were two parameters which yielded
ccng,istem: individual differences in change in performance. The
othe;r conditions representing the other manipul;tions .either pro-
duced redndant results or did not yield consistent trends in
change in performénce within individuals. .Conditions apart from
FOUR 1, FOUR 0, EIGHT 1, and EIGHT 0 need not be presented in
future studies. In order to increase the number of subjects
att:;“ining criterion on these four tasks, practice trials should
be permit'ted to subjects to give them a chance to develop a J
systematic scanning strategy.

In general, then, more trials in the ‘prime conditions in

the two pai’adigmé should be administered so that practice effects

Y

. Y.

1o
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) can be minimized and the probability of meéting criterion in all

e

conditions can be increased. It must be kept in mind, however,

-

that the length of the test session must be as short as possible i (
. ~ . )
since the tests will alsc be administered to neurological patients. .

2Lt

D

Therefore, decisions concerning practice-time to be allotted and

N

conditions to be selected must be made parsimoniously. The =~ ,

»

restrjction in the variability in performance of normal individuals
that must be aimed for, is an important concern in the light of
the fact that when it comes time to test the patient population ' |
of recent‘ly diagnosed HD patients .and personé at-risk for the i o
disease, we will.want to be able to assume with some confidgne
that nonﬁals fall above a certain range in performnce,\ relative
to task criterion. - ' ) . |

Once normal gt.}bje‘cts have been tested under the new K .

s
M PR ey

improvements proposed, the next step in this research project is

i to test recently di@gnoséd~HD individuals on the two parédigms \
;’; and describe their characteristic range of individual differences )

% | " ackoss ‘the tasks. At the same time certain control groups should ;
?i be assessed as well, in order to determine the selectivity of y J
Lo the test measures vis 2 vis ‘different neurological dysfinctions. .

For the moment we az;e contemplating testing recently diagn?;sed . |
Parkinson's patients because of the fact that both Parkinson's 3

° disease and HD stem from basal gaﬁglia pathology (extrapyramtdal-

motor system), and Korsakoff's syndrcmé patients and maybe frontal

lobe-lesicned patients because of the similarity of their cognitive ,

deficits to that of HD patients.
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