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ABSTRACT

A retrospective study was run examining the utility
of the stylus-maze test as part of a more extensive neuro-
psychological test battery. The stylus-maze test is thought
to measure learning ability in the visual-spatial realm,
making minimal demands on verbal or higher level abstract-
ing ability.

Selected neuropsychological test results including
the stylus-maze test results were compiled for eight
groups of subjects. Four of these groups were defined in
terms of location of cortical lesions. These were: (1)
right hemisphere, (2) left hemisphere, (3) bilateral not
restricted to froﬁtal lobes (bilateral), and (4) bilateral
frontal (anterior). 1In addition, four groups defined in
terms of medical history were examined: (1) subjects with
histories of chronic multiple drug abuse (polydrug), (2)
chronic alcoholics, (3) schizophrenicg, and (4) learning
disabled subjects. A group of normal controls was given
the stylus-maze test only.

As predicted on the basis of previous research on the
stylus-maze test, subjects with right hemisphere and
bilateral cortical lesions were highly impaired on this
test in comparison to subjects with left hemisphere lesions
and controls. Polydrug abusers were found to be fully as

impaired in maze learning as the right hemisphere and



bilateral cases which was a surprising finding. Subjects
with anterior corticél lesions, alcoholics, and schizo-
phrenics were also judged to be moderately impaired in‘
maze learning, left hemisphe;e cases and learning disabled
subjects were not.

The results of a factor analysis were interpreted as
suggesting that a visual-spatial perceptual defect under-
lies faulty maze learning for the subject pool (except
controls) as a whole.

In addition, a number of methods of scoring the
stylus-maze test were examined for their ability to dis-
tinguish between subject groups.

It was concluded that this test is sensitive to brain
pathology of various kinds and is potentially valuable as
a part of a more comprehensive neuropsychological test

battery. Suggestions for further research are offered.
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I. INTRODUCTION

There is now a preponderance of evidence to support
the early clinical observations (Jackson, 1887; Laing,
1936) that damage to the right cerebral hemisphere, par-
ticularly the central and posterior regions, results in
defects in visual-spatial perceptual skills to a much
greater extent than similar damage to the left cerebral
hemisphere (Ettlinger, Warrington & Zangwill, 1957; Hecaen,
1962; Hacaen, .Ajuriaguerra & Massonnet, 1951; McFie,
Piercy & Zangwill, 1950; Milner, 1958; Teuber, 1962).

The "visual-spatial" impairment in question, and the
presumably more basic processes underlying it and deter-
mining its exact manifestations, are still not well under-
stood. Nevertheless, important inroads have been made.
For example, studies with temporal lobe epileptics have
shown an association between right temporal lobe lesions and
pattern recognition deficits (Kimura, 1963; Meier & French,
1966; Milner, 1958), and the examination of patients with
cortical lesions of the right parietal and right posterior
(the temporo-parieto-occipital junction) regions reveal
defects in visual form perception (Warrington & James,
1967) , picture description (Ettlinger, 1960) and spatial
orientation (Critchley, 1953; De Renzi, 1967; Patterson &
Zangwill, 1944). Constructional disabilities, i.e., the

inability to copy a simple geometric shape, draw a common



object to command, or construct patterns with sticks or
blocks, are also thought to be more common and more severe
with damage to the posterior right hemisphere (e.g., McFie
& Piercy, 1962; Piercy, Hecaen & Aiuriaguerra, 1960;
Warrington, James & Kinsbourne, 1967).

Different methods of assessment of these "right-
hemisphere" perceptual functions are generally, but not
entirely, consonant in indicating the presence of a visual-
spatial perceptual deficit, and it is primarily by
gxaminihg varying 1evéls of performance on several similar
but not identical tests that a composite picture of a
deficit is achieved.

For example, the Benton Visual Retention Test-Form C
(Benton, 1962) requires a subject to look at an array of one
to three geometric shapes printed on a card and simply copy
them in the presence of the models. At the most general
level of analysis, we may say that failure may occur due to
a perceptual defect or a defect in execution of the
drawings. In another version of this test, the Benton
~Visual Retention Test-Form M, the subject is allowed to
study the figures to be copied, then the figres are removed;
and after a time period of a few seconds, the figures have
to be drawn from memory. There is also a form of this
test, the Benton Visual Retention Test-Form MC (Benton,
1965), in which the subject.does not have to draw the
figures but rather has to point to a. figure matching the

model from a four figure display. This can be done with
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the model present or with the model removed for a specified
period of time. As can be seen, much more information is
likely to be gained by comparing the performances on these
three forms of this test than by looking at performance on
a single test. ‘In this case the argument can be made that
the effects of short-term memory and impaired éraphomotor
control can be fairly well isolated if other relevant skills
are intact.

Perhaps the area of research least well developed on the
neuropsychological study of right hemisphere functions is
the ability to acquire new learning in the visual-spatial
realm without demands being made uéon higher level
abstracting ability. There are tests of short-term memory
such as the Benton Visual Retention Test-Form M or the
visual reproduction subtest of the Wechsler Memory Scale
(Wechsler, 1945). These, however, involve only a single
exposure to the stimulus to be reproduced and no oppor-
tunity is afforded to develop a learning curve in which
speed and level of learning can be assessed. Of course,
within the verbal realm, tests of this sort probably
number in the hundreds.

Perhaps the most widely used test of non-verbal-
learning ability is the Halstead Category Test (Halstead,
1947) . In this test a subject is shown several series of
slides projected onto a screen. in each series there is a
"concept" (e.g., related to size, color or position of

stimuli) that suggests a number between one and four. A



bell rings when the subject chooses the right nﬁmber and a
buzzer sounds when the subject chooses a wrong number.
Through this feedback only the subject has to discover the
underlying principle leading to the correct choices.
Although this is a test of learning ability without verbal
input, the test requires a good amount of abstracting
ability beyond the ability to "learn" with repeated ex-
posures to a stimulus.

The present research attempts a preliminary evaluation
of a neuropsychological test that is seen as potentially
providing a relatively pure test of visual-spatial learning
without requiring verbal mediation, and making minimal demands
on a presumably more central abstractihg ability. This
test is known as the "stylus-maze" test, first developed
by Barker (1931) and adapted for neuropsychological research
by Milner (1964; 1965). Prior to the description and
examination of this assessment technique, however, it will
be useful to examine fihdings with other "maze" tests that

have been used in neuropsychological research.

Maze tests in neuropsychological research

Porteus (1950) was probably the first to develop a
maze-solving test.to assess mental abilities. This'was a
pencil and paper task in which the subject was to put his
pencil in the center of a maze, then draw a continuous |
line out without crossing lines or entering blind alleys.

According to Porteus (1950), the maze test measured



"planning" capacity. Further, Porteus maintained that
such capacity for planning was represented in the frontal
lobes--and thus; the test may be useful in assessing
cerebral impairment.

This assertion was tested in a number of studies done
in the 1940s and 1950s on patients having undergone pre-
frontal lobectomies. 1In general, it was found that patients
with frontal lobe lesions were markedly deficient in maze
solvihg tasks of this sort (Malmo, 1948; Mettler, 1949;
1952; Porteus & Kepner, 1944; Porteus & Peters, 1947).

This test continues to be used in neuropsychological
research (c.f., Lezak, 1978) and is widely used in the
assessment of mental abilities, particularly with children,
i.e., as subtests of the WISC, WISC-R and WPPSI.

Elithorn (1955) introduced another maze test that
appeared to be sensitive to cerebral impairment. This is
known as the Elithorn Maze or the Lattice Maze (see

Figure 1).

e
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Figure 1. Two examples (out of 25) of Elithorn Mazes.
(Adapted from Benton, Elithorn, Fogel & Kerr,
1963)



The subjects' task is to draw a continuous line from
the bottom of the maze to the top, remaining on the dotted
lines, and passing through as many large dots (at preselected
intersections of the dotted lines) as possible without
going downward. Elithorn (1962; 1964) presented strong
evidence that among cortically injured patients; those with
right parietal lesions had the greatest difficulty with the
test. Benton, Elithorn, Foéel and Kerr (1963) also found
this task to be sensitive to right sided cortical injuries.
Although these investigators did not find patients with
frontal lobe lesions to be particularly impaired overall
(as was reported with the Porteus Maze), they did report
that those frontal lobe patients who were impaired tended
to disregard the rules for taking the test despite numerous
repetitions of the rules and multiple demonstrations.

Maze~like tests have also been used to explore the
syndrome of "topographical amnesia." In this syndrome a
brain injured patient will lose his "topographical map" of
familiar surroundings. Thus a patient may be able to
describe the layout of his house but fail to negotiate a
journey from, say, the living room to the bedroom. The
patient with this syndrome also fails to negotiate the
journey on a pencil and paper representation of the house.
Clinical reports associate this syndrome with damage to the
right parietal lobe (Hecaen, 1962).

To examine this phenomenon, Semmes, Weinstein, Ghent,

and Teuber (1955), and Semmes, Weinstein, Ghent, and Teuber



(1963) developed a route-finding test in which the subject
has to walk along a specific path on the basis of information
provided by maps that are either visually or tactually
presented. The task has the unique feature of requiring
the subject to maintain his orientation as his body
position is repeatedly shifted (with respect to the route
being followed but not the map which is hand held) as he
walks along the path. Seemes et al. (1955; 1963) found
no significant impairment on this task in patients with
frontal lobe lesions but did find that pétients with either
right or left parietal lobe lesions were highly impaired
compared to other groups. Patients with right and'left
parietal lobe lesions did not, however, differ signifi-
cantly on this task from each other.

Looking back on these three tests, the basic abilities
demanded by each appear to be as follows: The Porteus
maze is maximally sensitive to "planfulness"; the subject
has to look ahead, fipd, and avoid blind alleys. Little
demand upon memory of completed task elements is made and
the person's frame‘of reference to the test remains con-
stant. Defective performance is often found following
frontal lobe injury. The Elithorn maze task also requires
that the subject look ahead and plan his execution of the
maze. The memory component is minimized and the subject's
frame of reference to the test remains constant. This
test appears to be less sensitive to frontal lobe injury

than the Porteus maze and more sensitive to right parietal
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cortical damage. In the route-~finding test of Semmes et al.
(1955; 1963), the subject essentially has to read a map
(look at printed lines or feel raised lines with his
fingers), execute movements along a prescribed path, read
the map again, move further, and so on. Planning ability is
not as strong a factor as in the previous two tests, there
is little memory component, but the subject has to con-
'tinually‘readjust to changes in bodily orientation to the
route being followed. This test does not appear to be
sensitive to frontal lobe lesions. It does appear to be
sensitive to right-sided parietal lobe damage but appears
to be equally to left-sided parietal lobe damage. Against

this backdrop the stylus-maze test can be examined.

Research on the stylus-maze test

As mentioned, Milner (1964; 1965) took the concept of
the stylus-maze task developed by Barker (19315 and
adapted it for the assessment of brain dysfunction. The
test apparatus used by Milner consisted of a black 13 inch
square board, onto which was mountgd a 10 by 10 array of
boltheads-~"stepping stones" (See Figure 2.)

Thg subject is given a metal stylus that is electron-
ically connected to the boltheads so that'touching a bolt~
head along the prescribed route results in no specific
feedback (i.e., no sound is produced). Touching any
of the other boltheads, however, results in an audible

click that signifies an error. The subject is instructed



Figure 2. A representation of the Milner stylus maze
test apparatus. The line through the maze
is the correct route (bottom to top). It
is not visible to the subject. (Adapted
from Milner, 1965)

to touch the bolthead at the start position and proceed
to the finish positién. Each time an errof is made the
subject is required to return to the last correct bolthead
and proceed in another direction. The subject may not move
diagonally. Once the subject reaches the finish, he returns
to the start position and proceeds agaiﬁ. This con;inues
until the subject runs through three consecutive errorless
trials. In the Milner studies, subjects were given sets
of 25 trials twice daily until the criterion was met.
Unlike other maze and maze-like tests discussed
earlier, this is a maze learning task. The subject has to
learn a route over several trials while the visual stimulus
before him remains conétant. Because trials to a pre-

selected criterion is the principal dependent measure,
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the test can be said to measure speed of learning in a
non-verbal realm. .

Milner (1964) originally introduced this test as a means
of studying non-verbal learning in patients with bilateral
hippocampal lesions--a group known to shcw severe recent
memory deficits. Milner reported that the three patients
studied with bilateral temporal lobectomies with partial
hippocampal removal were in fact severely impaired on the
test. One patient took 183 trials to reach criterion,
another took 102 érials, and they did not reach criterion
after 215 trials. The author also examined patients with
various other cortical lesions--lobectomies or surgical
excisions of epileptic foci. Among patients reported to be
highly impaired in maze learning were those with unilateral
and bilateral frontal lobectomies (mean trials to criterion=
58.4, n=5, and 73, n=1, respectively), and patients with
right sided posterior lesions (mean trials to criterion=
56.0, n=2). Patients with temporal lobe lesions were less
impaired although patients with right sided lesions appeared
to be more impaired (mean trials to criterion=38.2, n=9)
than patients with left sided lesions (mean trials to
criterion=23.0, n=10). No normal control group data were
reported in this study. Upon closer examination of the
errors made by frontal lobe injured patients, i.e., breaking
of rules and persevefative errors, Milner concluded that
these patients failed because they were unable to follow

the test instructions. No other patients were noted to do



11
this. Upon examination cf the performances of the two
patients with right posterior (temporo-parieto-occipital
junction) lesions, Milner suggested that they failed the
task because of severe spatial disorientation-~-both
occasionally retraced their path unwittingly.

In a subsequent report, Milner (1965) replicated and
extended the earlier findings. A summary of her principal

findings are ‘presented in Table 1.

Table 1

Maze learning scores--trials to criterion
and total errors--for different unilaterally
lesioned subjects. ©Note: the parietal group

contains both right and left sided cases

Ngé Trials Exrrors

Group Cases Mean Range Mean Range
Left Temporal 26 22.4 7-57 103.0 48-248
Right Temporal 15 33.8 5-89 224.7 23-605
Parietal 12 22.0 11-59 93.7 64-237
Right temporo-

parieto-

occipital 6 45.8 29-68 278.2 128-538.
Frontal 15 36.8 4-78 244.7 20-542
Normal Control 11 17.0 6-27 91.8 21-175

(Adapted from Milner, 1965)

As can be seen, patients with right temporo-parieto-
occipital lesions were most impaired by both criteria used
--trials to the three consecutive errorless trials

criterion and total errors. ANOVA and subsequent t-tests
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indicated that the parietal and left temporal lobe lesioned
patients did not differ significantly from normal controls
on either dependent measure, while the three other groups
did differ significantly on both dependent measures. The
right temporo-parieto-occipital lesioned patients did not
differ significantiy from the other two impaired groups
(frontal and right temporal) although Milner points out
that this may have been due to the small sample size.

In.this study, right and left temporal lobe patients
were well matched for site and extent of lesion because
they underwent very similar and well documented surgical
procedures. The patients with right temporal lobe
excisions were significantly more impaired than patients
with left temporal lobe excisions on the stylus-maze.

Upon examination of the surgical reports, it was found that
removal of the hippocampus on the left side had little
effect on maze learning--in either case any deficit in
maze learning was mild. For patients with right sided
excisions, however, involvement of the hippocampus resulted
in a deleterious effect on maze learning while right sided
temporal lobe excisions not involving the hippocampus
resulted in>very mild maze learning deficits.

Working out of Milner's laboratory and using many of
the same patients as Milner (1965), Corkin (1965) éave an
interesting variant of the stylus-maze test--a tactual
stylus-maze test--to brain injured patients. With this

test, a black curtain is placed between the subject and the
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test apparatus. ?he subject's hands go beneath the curtain
to encountef the apbaratus.' The subject has to run a
stylus along a maze as shown in Figure 3. The procedure
parallels closely that of the visually guided stylus-maze
test. A bell rings when the subject enters a blind alley.
Subjects are given 20 to 30 trials per testing session
until three consecutive errorless trials are achieved or

50 trials have been given.

Figure 3. The tactually guided stylus-maze test.
(Adapted from Corkin, 1965)

The nature of the learning task demanded by this test
is very similar to that of the visually guided stylus-maze
and, indeed, Corkin found a pattern of results very
similar to that of Milner (1965), particularly regarding
the presence of a severe maze learning deficit for patients
with right sided posterior lesions in comparison to

patients with left sided lesions and controls. This
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supports the view that spatial abilitieé are not organized
along modality specific lines--a view previously supported
by the work of Semmes et al. (19%55) with the route-finding
test.

One divergent finding was reported, however. Left
frontal lobe injured patients had much less difficulty
with the tactually guided stylus-maze than right frontal
lobe injured patients. This was not found to be the case
in studies of the visually guided stylus-maze. The
meaning of this finding is still unclear.

Subsequent studies of the visually guided stylus-
maze test, using materials and procedures varying slightly
from those of Milner (1964; 1965), have reported findings
generally consistent with hers. These are reviewed below.

Newcomb and Russell (1969) studied subjects with
focal unilateral missile wounds to the brain of over 20
years duration (World War II veterans). These investigators
gave their subjects several tests, two of which are
important here. Their stylus-maze test was similar to
that of Milner except that the display was slightly smaller
(a 9 x 9 display rather than 10 x 10), and that the metal
stylus, rather than "hopping" from bolthead to bolthead,
had to be slid through a network of grooves to contact
"boltheads" at the intersections. A diagram of this maze
is shown in Figure 4.

After subjects had completed a simple maze pattern to

insure that the instructions were understood, a 10
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Figuré 4. The stylus-maze test used by Newcomb and
Russell (1969). The dotted line represents
the route of the practice maze and the solid
line represents the route of the test maze.
(Adapted from Newcomb & Russell, 1969)
choice-point maze was used for testing (see Figure 4,
solid line). A maximum of 25 trials was allowed for each
subject to run three consecutive errorless trials. Trials
to this criterion was the only dependent measure used. In
addition, a test of visual "closure" (Mooney, 1956) was
given. This test consists of 40 cards upon each of which is
a black and white drawing of a human face with exaggerated
shadows and highlights. The subject's task is to indicate
for each card whether it is a drawing of a man, woman, boy,
girl, old man, or old woman.

It was found that patients with right hemisphere
wouhds (n=37) 4id significantly worse on both tests than
patients with left hemisphere wounds (n=44). Looking at
the stylus-maze results, the effect of locus of lesion

within the hemispheres fell short of statistical signifi-

cance (as was the case with Milner, 1965). However,
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pétients with right sided posterior parietal lobe wounds
weré inferior on the maze task to all other groups.
Patients with left hemisphere lesions did not differ
significantly from non-CNS injured controls who were
matched for age and education.

An interesting finding was reported when the patients
most severely impaired on the closure test.(the lowest
scoring 20%, n=7) were compared to the patients most
severely impaired on the stylus-maze (the lowest scoring
20%, n=7). Although all patients in both groups had right
sided retro-rolandic lesions, the two groups did not over-
lap; those who did most poorly on the closure test were not
among those who did most poorly on the stylus—-maze, and
vice versa. When a closer examination of the locus of
-lesions of these patients was undertaken, it was found that
those most severely impaired on the closure test all had
lesions involving the right posterior temporal lobe, while
those most impaired on the stylus-maze all had lesions
involving the posterior parietal region of the right
hemisphere. It was also reported that'these patients with
right posterior pariental lesions were the most impaired
on such spatial tasks as Raven's Progressive Matrices,
cube~-counting, and Koh's Block Design (¢c.f., Lezak,

1978) . This and other observations led Newcomb and
Russell (1969) to suggest that it is primarily a per-

ceptual ("spatial orientation/organization") defect that
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underlies defective maze learning following right posterior
c&rtical damage. |

In a follow-up study, Ratcliff and Newcomb (1973)
gave the same stylus-maze test along with a locomotor maze
task (essentially the route-finding test of Semmes et al.,
1955). to 75 patients with old (20 years plus) missile
wounds to the brain. In the locomotor maze test the
subject had.to hold onto a map and read it as he walked
through a route prescribed by the map. Thus, while the
subject's orientation to the map is always the same, his
orientation toward the route he must negotiate is con-
stantly changing.

As in the previous studies, the patients with right
posterior parietal wounds were the most impaired on the
stylus-maze test; they took significantly more trials to
reach criterion than non-CNS injured controls or patients
with left posterior parietal wounds. Patients with
bilateral posterior parietal wounds were also significantly
impaired on maze learning in comparison to non-CNS injured
controls and to patients with left posterior parietal
wounds, but did not do significantly worse than the patients
with right posterior parietal wounds. On the other hand,
the results of the locomotor maze test indicated that only
those patients with bilateral posterior parietal wounds
were significantly impaired in comparison to controls.

In discussing these findings, Ratcliff and Newcomb (1973)

state:
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The visually guided stylus-maze requires the subject
to reproduce a path traced through a series of points
in an array to which he maintains a constant orien-
tation. It is suggested that defective appreciation
of the relative directions of the elements of the
path (and/or defective retention of this information),
limited the performance of the right posterior group
on this task. On the locomotor maze, on the other
hand, the appreciation of the relative positions of
the markers is -initially comparatively simple, but
it becomes difficult when the subject's orientation
changes as he walks around. The failure to maintain
orientation in a changing environment appeared to
limit the performance of the bilateral posterior
group on this test. (Ratcliff & Newcomb, 1973,
p. 433)
In contrast to these findings, Semmes et al., (1955;
1963) found patients with unilateral posterior lesions
on either side to be significantly impaired relative to
controls on their route-finding test. One could speculate
that this divergence in findings might be at least par-
tially due to the fact that the subjects in the latter
study had very old wounds. In the earlier studies of
Semmes et al., World War II veterans with penetrating
missile wounds were also tested but testing took place
within a much shorter time period after brain injury. It
may be that right posterior lesions result in defective
route-finding for a period of months or years, but the
problem is eventually compensated for provided the left
posterior region is intact. With the stylus-maze, in con-
trast, defective performance due to right posterior injury
is not compensated for, even after a period of 20 years.

In all of the studies using the stylus-maze test so

far reviewed, the investigators have viewed faulty maze
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learning following right posterior lesions (not includipg
the right posterior temporal lobe) as due primarily to a
visual-spatial perceptual defect, although other possibil-
ities have been entertained. De Renzi, Faglioni and Villa
(1977) suggest an alternative view that right posterior
cortical damage may result in faulty maze learning via a
mechanism of anterogréde topographical amnesia. That is,
the underlying defect is mnestic rather than perceptual.
These investigators base this hypothesis primarily on a
single case study. This was a 53-year-old woman who
suffered a right posterior CVA (brain scan showed softening
of tissue in the posterior temporal and posterior parietal
regions). This patient showed all the classic signs of
topographical amnesia, i.e., she was unable to find her
way around her apartment or to find her way in new settings
(such as the hospital). She could, however, speak clearly
and describe the layout of her apartment. Extensive test-
ing indicated that this patient was free from disorders of
visual space perxception, constructional disabilities, or
disorders of recent visual or verbal memory. Nevertheless,
this patient could not achieve a single errorless trial on
the stylus maze test (described below) even after hundreds
of trials over several days.

Based on the findings with this patient and other con-
siderations (e.g., the authors do not fe€l that the
"simple" turns required by the stylus-maze test make heavy

demands on visual-spatial abilities), De Renzi et al.,
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(1977) hypothesized that although most severe general
amnesias are the result of temporal lobe lesions with
hippocampal involvement (Milner, 1958); an isolated
topographical amnesié requires involvement of the right
posterior parietal region. This issue remains unreéolved.

De Renzi et al. (1977) also report on a study in which
51 patients with right hemisphere cortical damage and 54
patients with left hemisphere damage were given the stylus-
maze along with other neuropsychological tests. These
subjects differed from those of the previously reviewed
studies in that they were more representative of the
cortically injured patients likely to be encountered on a
neurological service. There was a cross-section of ages,
etiologies of cortical damage, and length of time between
injury and assessment. The maze used was identical to that
used by Milner (1965) except that the path to be followed
was made slightly easier (having 23 choice points rather
than 28 and requiring 6 turns rather than 11). In this
respect the test more closely resembled that of Newcomb and
Russel (1969).

Despite these small differences in subject selection
and testing procedure, the results obtained were highly
consistent with previously reported findings. The ability
to learn to criterion (again three consecutive errorless
trials) on the stylus-maze was most severely impaired in
patients with right posterior cortical lesions, who were

significantly more impaired on the task than non-CNS
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injured controls and patients with left side lesions. The

latter two groups did not differ significantly from each

other. Within hemisphere locus of lesion effects were not

significant, which is also consistent with all of the

previous studies.

The findings of the studies reviewed above concerning

the stylus-maze test can be summarized as follows:

Persons with bilateral frontal lobe lesions appear to
be severely impaired on this test, often failing to
understand the nature of the task and to follow
directions. Only three patients of this sort are
reported on, however, and all had undergone prefrontal
lobectomies. It is not known to what extent more

mild and/or diffuse bilateral frontal lobe damaée
effects maze learning since.the studies done after
Milner's original work restricted their subjects to

those with unilateral lesions.

Milner reported that patients with unilateral frontal
lobectomies on either side tended to do worse on the
test than controls. They tended to make perseverative
errors and often failed to follow directions. Sub-
sequent studies have weakly confirmed the existence of
a maze lgarnihg deficit following injury to the right,

but not the left, frontal lobe. Patients with left
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- frontal lobe injuries did not differ significantly

from controls in three studies.

Patients with left temporal lobe lesions, whether or
not the hippocampus is involved, do not appear to be
significantly impaired on maze learning in comparison
to controls. Patients with right temporal lobe lesions
are severely impaired if the hippocampus is damaged,
and less severely impaired if the hippocampus is not
involved. Milner suggests that a mnestic defect

underlies maze learning difficulties in this case.

Two studies found that cortical damage to the central
parietal lobe, left or right (but not necessarily
both), did not result in significant maze learning

impairment in comparison to controls.

Patients with cortical damage to the right temporo-
parieto--occipital junction area (but not the left)

tend to be highly impaired in maze learning. Two
studies found this impairment 20 years post-injury.
Most investigators (Milner, Newcomb and associates)
believe the impairment is the result of a visual-spatial
perceptual defect. Another, however (De Renzi)

suspects a mnestic defect.

When patients with unilateral lesions are compared,
right sided cases as a group are consistently signifi-

cantly more impaired than left sided cases, who do not
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differ significantly from non-CNS injured controls.
Although all studieé reviewed have reported that
patients with right posterior lesions are most
severely impaired among right sided cases, locus of
lesion effects within the right hemisphere have

consistently fallen short of statistical significance.

Purpose of the preseht study

Broadly speaking, the purpose of the present research
is to evaluate the potential usefulness of the stylus-maze
test as a component of a comprehensive neuropsychological
test battery.

One reason for such an undertaking has already been
discussed. That is, the specific demands made by the
test are seen as being somewhat unique. It is one of very
few non-verbal tests that can be scored tc mecasurc speed
and/or level of learning over several learning trials.

At the same time, minimal demands are made on higher order
abstracting abilities. When combined with tests of spatial
orientation, short-term spatial memory, and vigual-spatial/
conceptual learning ability (i.e., the Category Test),

this test may play an important role in identifying to point
of breakdown in non-verbal learning failure.

Scoring of the stylus—-maze test is totally objective
since each response is necessarily a discrete unit. In
addition to errors and number of trials to a preselected

criterion; broken rules, perseverative errors, and such
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things as backtracking can be objectively scored. Further,
the testing paradigm is easily adjustable for "testing the
limits" in either direction if that is thought useful,
i.e., the teét may be made easier or more difficult
depending upon the abilities of the subject;

The testing paradigm is also easily modifiable to a
training paradigm. Training mazes, perhaps with additional
learning aids such as landmarks could conveniently be
developed. With the recent trend in neuropsychology
emphasizing rehabilitation more and more, this may prove
to be a very attractive feature.

It is primarily for these reasons (i.e., the unique
demands of the test and the inherent flexibility of the
paradigm) as well as the previously reviewed reports
strongly suggesting that the test is sensitive to at least
three kinds of cortical dysfunction (i.e., failure to
follow directions, spatial/perceptual defects, and mnestic
defects~~the latter case involving sub-cortical structures
as well) that the examination of this assessment device is
undertaken. |

A variant of the stylus-maze test used by Milner
(1964; 1965) was constructed by Dr. James Craine at Hawaii
State Hospital and has been in use at the neuropsychology
service there for over six years at the time of this
writing. The test has been given as one component of a
comprehensive neuropsychclcegical examination which generally

included the Halstead-Reitan Battery, The Wechsler Adult
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Intelligence Scale (WAIS), the Wechsler Memory Scale, and
other tests as judged necessary. All teéting results and
documentation that accompanied referral requests to the
neuropsychology service have been maintained and coded into
a computerized data retrieval system. The compilation of
these data affords the opportunity for a fairly extensive
retrospective analysis of the utility of the Stylus-Maze
test. .

As an initial step in this data analysis, over 1000
neuropsychological test records were examined, and of these
128 cases (excluding normal controls) were selected for
this study. Based upon neurologiéal and neuropsychological
test findings (as well as radiological and neurosurgical
records when available--see below), four groups of subjects
were formed based upon presumed locus 6f acute cortical

lesion(s). These groups are:

1. Right hemisphere cortical damage (Right)

2. Left hemisphere cortical damage (Left)

3. Bilateral cortical damage not restricted to the
frontal lobes (Bilateral)

4, Bilateral frontal lobe damage (Anterior)

In addition, three groups of subjects defined in terms
of medical history were assembled. These groups are:

1. Schizophrenics (Schizophrenic)

2. Chronic alcohol abusers (Alcoholic)

3. Multiple drug abusers (Polydrug)
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Terms in parentheses are used elsewhere in this
report to indicate these subject groups..

A preliminary examination of stylus-maze performance
of the wvarious groups showed that an unexpectedly large
proportion of the "Polydrug" subjects failed to complete
Maze 4 of the test. It was decided at that point to select
from Hawaii State Hospital-Neuropsychology Service records
an addition control group of subjects who were referred
to the Neuropsychology service because of school failure.
Thus, a "learning disabled" (Learning Disabled or L-D)
control group was formed. Thirty-three subjects were
chosen for this group. The reasoning behind this was that
if the polydrug subjects did indeed turn out to be impaired
on the stylus-maze test, it could be argued that those who -
engage "in multiple drug use tend to be those who have
failed in school, perhaps because of a specific or
generalized learning disability, and that maze failure may
be a result of these disabilities rather than drug use.

In addition, 21 normal controls were tested with the
stylus-maze test only.

First looking at the cortically lesioned groups, the
broad questions that this study will attempt to answer are

as follows:

1. How imapired are each of the four groups on the
stylus-maze test in comparison to each other and

controls?
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2. What other neuropsychological test scores correlate

most-strongly with maze learning ability?

In attempting these questions, several hypotheses
suggested by previous research will be tested. The major
hypotheses are as follows:

1. Subjects with right hemisphere cortical lesions will
be more impaired in maze learning than normal controls

and subjects with left hemisphere lesions.

2. Subjects with bilateral frontal lobe damage will be
more impaired in maze learning than normal controls

and subjects with left hemisphere lesions.

3. Subjects with left hemisphere lesions will not differ

significantly from normal controls in maze learning.

4, Considering the subject pool as a whole, if faulty maze
learning is primarily related to a visual-spatial per-
ceptual and/or mnestic deficit, then the scores on the
stylus-maze should correlate more highly with scores
on other tests of these functions than with tests of
other functions. Such a trend should emerge, if present,
in a factor analysis. Specifically, a factor or factors
should emerge in which stylus-maze test performance and
performance on other neuropsychological tests known to

be sensitive to these disabilities load highly.

The confirmation of these hypotheses is not seen as

substahtially adding to the knowledge of the mechanisms
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underlying faulty maze learning since the precise location,
nature and extent of brain injury is not known for these
subjects. However, confirmation of these hypotheses would
add to the generalizability of the findings of the previous
stylus-maze studies to populations typically exposed to
neuropsychological assessment. For example, it has been
demonstrated that patients with right hemisphere missile
wounds tend to be more impaired in maze learning than
patients with left hemisphere missile wounds. Will this
trend be seen following more diffuse and/or mild unilateral
cortical damage? Would patients with diffuse left
hemisphere lesions be impaired in maze learning even though
patients with discrete left hemisphere wounds apparently
are not?--and so on.

Regarding the examination of neuropsychological
correlates of stylus-maze performance, the ideal procedure
here would be to examine these correlates on a group by group
basis. The relatively small sample size, particularly re-
garding the left and anterior groups, however, make such
comparisons (i.e., comparisons of correlation coefficients)
highly unreliable. Thus, the decision was made to emplby a
factor analysié over the subject pool as a whole. While
this procedure does obscure between group differences in
neuropsychological correlates of stylus-maze performance, it
does, nevertheless, give an accurate picture of the pattern
of neuropsychological test correlates of stylus-maze per-

formance for a relatively large, heterogeneous group of
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patients with documented and suspected brain dysfunction--
inférmation that is considered valuable in the overall
assessment of the utility of the test.

Concerning the four groups of subjects defined in terms
of medicél history; this study is more purely exploratory.
There is some basis, however, for predicting that chronic
alcohol abusers and polydrug abusers would come out impaired
relative tc normal controls in maze learning ability.

Several studies have examined the performance of
chronic alcohol abusers on the Halstead-Reitan Battery.
Fitzhugh, Fitzhugh and Reitan (1965) reported that middle-
aged, lower SES alcoholics performed very similarly to
matched brain-impaired subjects on the Halstead-Reitan
Battery. On the other hand, these subjects were not impaired
relative to age matched controls on the verbal subtests of
the Wechsler-Bellevue. .

Shelly and Goldstein (1976) reported on one of the most
extensive studies of the effects of chronic alcoholism 6n
Halstead-Reitan Battery performance. They found middle-
aged chronic alcoholics to be impaired wusing Halstead cut-
off points in six of the seven tests comprising the
Halstead Impairment Indek (categories, TPT-Time, TPT-
Location, Rhythm, Speech Sounds, Finger Tapping, but not
TPT-Memory). This study is representative of a large and
growing body of literature (c.f., Parsons & Farr, 1981)
strongly suggesting the presence of widespread neuro-

psychological deficits in middle-aged chronic alcoholics.
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This generalization is limited, however, by findings that
younger alcoholics--mid-thirties--or alcoholics with higher
educational and SES levels (Gudeman, Craine, Golden &
McLaughlin, 1977; Smith, Burt & Chapman, 1973), do not show
'these trends so readily.

Similarly, evidence is now starting to amass on the
neuropsychological effects of long-term polydrug abuse.
Polydrug abusers are a difficult gioup to study for a number
of reasons. Documentation of'drug use is, of course, very
difficult. The possibility of head injury, inadequate
nutrition and/or medical disorders is ever present (Grant,
Adams, Carlin, Rennick, Judd & Schooff, 1978).

I. Grant and his associates have carried out the most
extenéive research in this area thus far (Grant et al.,
1978; Grant, Adams, Carlin, Rennick, Judd, Schooff & Reed,
1978; Grant & Judd, 1976; Grant, Mohns, Miller & Reitan,
1976). 1In each of these studies a careful drug history was
taken for each subject but the criteria for inclusion in
the "polydrug" abuser category was not succinctly stated.
Very generally, we may say that the polydrug users had
regularly used at least three nonjprescription controlied
drugs.for a period of at least three years. The mean age
of subjects in these studies ranged from the early- to mid;
twenties. All of these studies reported significant
impairment on the Halstead-Reitan battery for polydrug
users, either in comparison to age and SES matched controls

or using the Halstead Impairment Index. In the only one of
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these studies to list a test by test breakdown of Halstead-
Reitan and WAIS test scores, Grant et al. (1976) reported
that 22 polydrug users performed significantly less well
than age and SES matched controls on the following tests:
(1) WAIS Full Scale IQ, (2) WAIS Performance IQ, (3) Picture
Completion, (4) Object Assembly, (5) Halstead Category
Test, (6) non-dominant hand TPT, (7) both hands TPT. Ten
of the 22 polydrug subjects' testing results were clinically
judged as indicating "abnormalities ih adaptive abilities"”
and were classifiad as having "mild generalized cerebral
dysfﬁnction.“ |

The schizophrenic and the learning disabled 'subjects
are included in this study largely as additional control
groups. Neverfheless, we might expect these groups to be
inferior in maze learning to normal controls. Schizo-
phrenics are known to show impairment on neuropsychological
tests and are sometimes difficult to distinguish from
"organically" impaired patients (c.f., Heatoﬁ & Crowley,
1981). Likewise, learning disabled children are often
characterized by specific patterns of neuropsychological
test deficit (Klonoff & Low, 1974; Rourke, 1981).

| Paralleling the general questions being asked for the
four cortically lesioned groups, the following general

questions will be addressed:

1. How impaired are each of the four groups in comparison
with cortically lesioned groups, normal controls, and

each other?
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2, What other: neuropsychological test scores correlate
most highly'with maze learning ability? (See page 27,

Item 4.)

As for hypotheses; it will simply be tentatively offered
that each of these four groups will be more impaired in maze
learning than normal controls based on the above consider-

ations.



II. METHOD

Subjects

The computerized data files for the approximately
1000 subjects tested by the neuropsychology service at
Hawaii State Hospital between 1974 and 1981 inclusively
were reviewed. Cases meeting the following criteria were

selected for further screening:

1. The stylus-maze test was given.

2. The adult form of the Halstead-Reitan battery was
given. Thus, only subjects 15 years old or older
were considered for this study.

3. The "validity estimate" of the test conclusions was
sufficiently high. The neuropsychologist writing-up
the test report assigned the validity estimate based
on the amount of testing completed and cooperation
level. This estimate took the form of a number between
"1" and "4" with "1" indicating minimum estimated
validity and "4" indicating maximum estimated
validity. Only cases with validity estimates of "3"
or "4" were selécted for further review.

After these steps individual case records were reviewed.

The criteria for inclusion in one of the four ."site of

corticai lesion" gfoups (right, left, bilateral, anterior)

were as follows:



34
The neuropsychological testing conclusions indicated
focal (broad focal, narrow focal, or multi-focal)
cortical dysfunction limited to the region in
question.
For subjects in the right, left ana bilateral groups,
radiological and/or neurosurgical confirmation of
site of lesion was available as follows: Right--17
of 20 cases; left--9 of 11 cases, bilateral--16 of 19
cases. All cases for which this confirmation was not
available involved traumas, and in each case neuro-
psychological test results strongly suggested the
appropriate site of lesion. For the anterior group,
these standards were relaxed somewhat. For this
group, only 5 of 11 cases had radiological and/or
neurosurgical confirmation of site of lesion. For
most cases, assignment to the anterior group was
based upon neuropsychological tests interpretation
(i.e., bilateral frontal lobe dysfunction). Thus,
rgsults involving the anterior group must be viewed
cautiously. For subjects in each of these four
groups; age, etiology of injury, time between injury
and testing, neuropsychological judgment as to within
hemisphere site of lesion, and other data are reported
in Appendix Tables A~1 and A-2.
No subjects with histories of chronic alcohol abuse,
chronic drug abuse, congenital brain dysfunction,

mental retardation or psychosis were included. A
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total of five patients with histories of seizure

" disorders, however, were included in these groups.

The criteria for inclusion in one of the four groups
based upon medical history are as follows:

1. No subjects were included in any of these groups
whose medical histories or neurological examination
results indicated neurological dysfunction attribu-
table to traumatic, vascular, neoplastic, congenital,
infectious or degenerative brain impariment. Some
subjects did, however, have histories of head trauma
and it is likely that some subjects, particularly in
the "learning-disabled" group, have undiagnosed con-
genital brain dysfunction.

2. For inclusion in the "polydrug" group, the documents
referring these subjects t6 the neuropsychology
service had to state or strongly imply heavy use of
at least three commonly abused drugs. Admittedly the
criterion for inclusion into this group was somewhat
arbitrary. However, a very conservative interpretation
of this criterion was empioyed with questionable cases
not being included. Age, reported abused drugs,
reported number of years of drug use, and other data
on these subjects are given in Appendix Table A-3.

3.. For inclusion in the "alcoholic" ‘group, subjects had
to either carry a DSM II diaénosis of “Chronic
Alcoholism" or have been treated in an alcohol abuse

treatment program within the last three years and
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have alcohol abuse as the primary reason for referral
to the neuropsychology service for testing. Age,
reported duration of chronic drinking, time "dry" at
testing, and other data on these subjects are given
in Appendix Table A-4.

For inclusion in the "schizophrenic" group, subjects
had to carry a DSM II diagnosis of "schizophrenia,"
properly assigned. Age, DSM II diagnosis, medications
used at time of testing, and other data on these
subjects are given in Appendix Table A-5.

All but five of the 33 subjects in the "Learning
Disabled" (L-D) group were referred to the neuro-
psychology service primarily because of school
failure; either by the school, or the courts, or
private psychometrists. Five were self referred. As
used here "learning disabled" should be considered a
general descriptive term and not a diagnosis. Specific
diagnoses, where available, are given along with other
data on these subjects in Appendix Table A-5. For
each of these subjects, no mention of illicit drug use

was found in the medical records.

In addition to the eight groups of subjects described

above, 21 normal controls were run on the stylus-maze test

only.

It would have been desirable to have full neuro~

psychological test batteries on these subjects but time and

equipment restraints made that impossible. All but four of
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the 21 controls were students in an introductory psychology
course at a community college. .The other four were
employees of Hawaii State Hospital.

Ethnic group membership and occupational status for
each group is reported in Appendix A-6. Table 2 reports
the number of subjects in each group, mean age, mean
years of education, and the distribution of sex and
handedness for each group. Although left handed subjects

were rare, they were not excluded from this study:

Appar atus

The stylus-maze test at Hawaii State Hospital is very
similar in basic construction to that of Milner (1964;
1965). A 10 point by 10 point display of boltheads placed
on a 15" x 15" square board is placed before the subject.
With the metal stylus that is electfonically attached to
the maze, the subject must "learn" the correct path to a
criteria of two consecutive errorless trials. A bell
rings when the subject touches a bolthead that is on the
correct path and a buzzer sounds when the sﬁbject touches
any other bolthead.

Unlike the maze tests described in previous research,
four different maze paths of increasing complexity are
used in testing (see Figure 5). The first maze is very
simple, involving only one turn, and is used primarily
to insure that the subject has understood directions

(Figure 5-1). Maze 2 (Figure 5-2) involves four turns;



Table 2. Mean age, mean years of education, and sex and handedness
distribution for each of the nine subject groups

Age
X
SD
Range
Years of
Education
X
SD
Range
Sex
Male
Female
Handedness
Right
Left

Right Left Bilat Ant Poly Alc Schiz L-D Control
n=20 n-11 n=19 n=11 n=26 n=20 n=21 n=33 n=21
39.5 38.0 35.7 24.6 22.6 41.5 26.0 17.6 31.2
10.7 16.3 13.8 6.7 6.23 9.9 9.7 4.1 10.7
23-60 17-66 16-65 15-34 15-43 28-67 16-56 15-33 19-57
12.9 14.4 15.0 13.2 10.5 11.4 12.4 10.0 13.2
3.5 3.7 4.1 4.0 1.9 3.2 1.8 1.5 3.7
6-17 10-21 9-24 8-24 8-14 4-18 9-17 8~14 12-24
13 8 12 9 24 19 19 26 14
7 3 7 2 2 1 2 7 7
20 10 17 9 24 10 21 30 19
0 1 2 2 2 1 0 3 2

BE
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Paths go from bottom to top.

The four stylus-maze paths in use at Hawaii

State Hospital.
Start and finish points are marked for the

subject.

Figure 5.
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Maze 3 (Figure 5-3) .involves eight turns; and Maze 4
(Figure 5-4) involves nine turns. Examination of Figures
5-2; 5-3 and 5-4 also shows that while Mazes 3 and 4 involve
regular "steplike" patterns in their solutions, Maze 4 is
more irregular.

Maze 4, having niné turns, is slightly easier than the
maze used by Milner (1964; 1965) which had 11 turns, and
slightly more difficult than the maze used by Newcomb and
Russell (1969) which had six turns.

The rest of the test battery (see below for listing)
consists of well standardized tests and are not described

here.

Procedure

Subjects referred to the neuropsychology service for
testing were assigned to one of two full-time technicians
whose sole responsibility is to conduct neuropsychological
examinations. Typically, a subjeét was scheduled for two
consecutive days of testing in which the Halstead-Reitan
Battery, the Wechsler Adult Intelligence Scale (WAIS), the
Wechsler Memory Scale (WMS) and other selected tests are
given.

The following tests are among those routinely given and
which are examined (for their relation to stylus-maze

findings) in the present study:
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Halstead-Reitan Battery

Halstead Categories Test - number of errors
Tactual Performance Test

right hand - time in minutes

left hand - time in minutes

both hands - time in minutes

memory - number correct

location - number correct
Rhythm Test - number of errors
Speech Sounds Perception Test ~ number of errors
Trail Making Test

Trails A - time in seconds

Trails B - time in seconds
Aphasia - number of errors
Spatial Relations - number of errors
Perceptual Disorders - number of errors
Finger Tapping Test

Right hand - number of taps

Left hand - number of taps

Wechsler Adult Intelligence Scale

Information - scale score
Comprehension - scale score

. Arithmetic - scale score
Similarities - scale score
Digit Span - scale score
Vocabulary - scale score
Digit Symbol - scale score
Picture Completion - scale score
Block Design - scale score
Picture Arrangement - scale score
Object Assembly - scale score

Wechsler Memory Scale

Mental Control - total score
Logical Memory - weighted average score
Digit Span Forward - number correct
Digit Span Backward - number correct
Visual Reproduction - total

" Associative Learning - score

Ratings for "aphasia", "spatial relations", and
"perceptual disorders" within the Halstead-Reitan Battery

were computed according to the method prescribed by

Russell, Neuringer and Goldstein (1979). Additionally, the
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"Average Impairment Rating" was computed from selected
Halstead-Reitan scores as an index of overall cerebral
impairment; also according to the method prescribed by
Russell et al. (1970).

Although the total Wechsler Memory Scale was given to
most subjects, only the memory quotient and selected sub-
tests are referred to in the present study. Those sub-
tests not included showed such limited variability in scores
that it was decided that they could not add useful
information for present purposes.

When given the stylus-maze test, each subject was
seated facing the apparatus and the following instructions

were given:

"This is a maze learning task. There is only
one correct path from the starting point here
(tester points) to the end of the path here
(tester points--both "start" and "finish" points
are labeled). Your job is to find the one correct
path. The only way to find the correct path is
through trial and error. When you touch a point
on the correct path with this pointer (tester
touches the "start" bolthead with stylus, causing
a bell to sound) a bell will ring like this. As
long as you remain on the correct path, the bell
will ring each time you touch a new point. Each
time you get off the correct path, a buzzer will
sound. You can only move forward (toward top of
maze--tester points) or sideways (tester points),
but not backwards (toward bottom of maze--tester
points) or diagonally (tester points). Each time
you get off the correct path and hear the buzzer,
go back and touch the last correct point and try

~another direction. Do not go back to the beginning
of the maze. There are four mazes altogether, each
with a different path. As soon as you have traced
the correct path two times in a row without making
any errors, we will go on to the next maze. Are
there any gquestions?"
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Instrﬁction; are repeated and elaborated upon as much
as necessary.

Subjects were given Mazes 1 through 4 successively.

If a subject failed to learn (reach criterion) a given maze
within 25 trials, training on that maze was terminated.

If the technician judged that the subject was too impaired
to likely succeed on subsequent mazes after failing Maze

2 or 3, stylus-maze testing was terminated. 1If, however,
the subject failed a maze prior to Maze 4, but the
technician judged that the subject might succeed on further
mazes, they were given. No time constraints were placed
upon the subjects. For each trial, the technicians noted
the number of errors made. The technicians also noted the
presence of perseverative errors and failures to follow
test directions. These data, however, were not precisely
quantified and did not prove useful for the present study.
The normal control subjects were the only subjects not
tested by one of the two full-time technicians. They were
tested by the present investigator.

In scoring, the trial upon'which the ‘second consecutive
errorless trial occurred for each maze, minus the first
trial made up the trials to criterion measure. Likewise,
total errors per maze was to total number of errors made
prior to reaching criterion, minus any errors made during
the first trial for each maze. If a subject failed to
learn a maze within 25 trials, a score of "25" wasvgiven

for the trials to criterion measure and errors were
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totaled for the total errors measure as described above.
In a very few cases, it was necessary to terminate'testing
prior to the 25 trial on a given maze. Additionally, in
a few cases, a maze was not given if a previous maze was
failed as described above. In these cases a default
value of "25" was given for the trials to criterion measure
and a default value of "100" was given for the total errors
measure. This latter default value was decided_upon after
examining to the number of errors made by highly impaired
subjects who insisted on continuing for 25 trials even

though evidence of maze learning was minimal.

Data Analysis

The overall aim of the data analysis was twofold.
The first aim was to confirm specific hypotheses about
stylus-maze performance suggested by previous research.
To this end, a multivariate analysis of variance (MANOVA)
and analyses of variance (ANOVAs) were run contrasting
the mean performances the different groups of subjects
on a number of measures of maze learning. Chi Square
tests were run to contrast the proportion of maze failures
in selected different groups. In addition, analyses were
run to examine the neuropsychological and demographic
status of the different groups to assess the comparability
of stylus-maze findings across groups.

The second aim was to explore neuropsychological

correlates of stylus-maze performance. To this end, a
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factof analysis, designed to examine which "factors"
stylus-maze performance load most highly on for the subiject
pool (excepting controls) as a whole was run.

Inasmuch as the basic approach of this study is
exploratory rather than confirmatory, the data were
analyzed with more redundancy than would usually be the
case. That is, because there is no fixed method of stylus-
maze scoring, different non-independent measures are
evaluated. Whenever hypothesis testing is involved, how-
ever, precautions were taken to maintain an acceptable

type II error rate.



III. RESULTS

All analyses reported here were run using the SAS
computer program package (Helwig & Council, 1979). All
ANOVA and subsequent test findings are reported in a
series of tables (Tables 3 through 8). 1In each of these
tables, a "F" value is reported for an overall group
effect for the variable in question. This is followed by
group comparisons using Duncan's Multiple Range Test (p=
.05). 1In each of these cases, the full results of the
analyses are presented in the appropriate table, and the
narrative portion highlights what are considered to be
the most important findings given the purposes of the

present study.

Group Comparisons: Age and Education

One-way ANOVAs were run to assess to what degree
the nine subject groups differed in age and education.
The findings are reported in Table 3a and b. As can be
seen by examining Table 3a, the alcoholic and right
groups had the highest mean ages (X=41.45 and 39.55 years
respectively), and the leafning disabled group had the
lowest mean age (X=17.64 years). By examining the
columns of Xs under the heading "Duncan", it can be
determined which groups have mean differences signifi-
cantly different from thch other groups. Of principal

interest here are the following observations: (1) the



Table 3. Means, standard deviations, ranges, and statistical
’ comparisons of the nine subject groups for age (a),
and total years of education (b). "F" values denote
results of a one-way ANOVA. Under heading "Dunhcan"
those groups not connected by a continuous line of Xs
have mean differences that are statistically signifi-~
cant (p=.05) on Duncan's Multiple Range Test.

A. Age (F(8,173)=7.10, p = .0001)

Group n X SD Range Duncan

Alcoholic 20 41.45 9.85 28-67 x

Right Hem 20 39.55 10.72 23-60 b4 X

Left Hem. 11 38.00 16.34 17-66 X X

Bilateral 19 35.74 13.84 16-65 x X

Control 21 31.24 10.72 19-57 X X

Schizophrenic 21 26.05 9.71 16-56 X X

Anterior 11 24.64 6.73 15-34 X X

Polydrug 26 22.58 6.23 15-43 X
X

Learning Dis. 33 17.64 4.08 15-33

47

B. Total Years of Education (F(8,173)=7.37, p = .0001)
Group n X SD Range Duncan
Bilateral 19 15.19 6.10 9-24 X

Control 21  14.48 3.67 12-24 x

Left Hem. 11 14.36 3.70 10-21 bid

Anterior -1l 13.18 4.05 8-24 X

Right Hem. 20 12.920 3.48 6-~-17 X
Schizophrenic 21 12.35 1.81 9-17 x

Alcoholic 20 11.42 3.17 4-18 X X
Polydrug 26 10.46 1.82 8-14 X

Learning Dis. 33 10.00 1.50 8~14 b4
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right, left, bilateral and control groups did not différ
significantly in age; (2) the schizophrenic and anterior
groups also did not differ significantly from controls;

(3) the polydrug and learning disabled group did not differ
significantly from each other but both groups were
significantly younger overall than all other groups except
the anterior group.

Despite these significant differences in age, it was
decided that running further group comparisons via analysis
of covariance--covarying for age--would not be appropriate.
Rather, these differences could be better taken into
account by interpreting observed group differences on
stylus-maze performance with these age differences in mind.
There were two basic reasons for this decision:. (1) the
four cortically lesioned groups (the comparisons among
which are of a central interest of this study) did not
differ significantly from controls in age; although it is
true that the anterior group was significantly younger than
the three other cortically injured groups. (2) The learning
disabled and polydrug groups are characterized by their
relatively young ages in the general population; and like-
wise, cortically lesioned subjects tend to be older. Thus,
with these groups at least, the mean ages observed tend to
typify the groups. The groups in this study, then, are
examined "as they are" in terms of age rather than via a

covariate analysis.
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Group cqmparisons on "total years'of education" are
presented in Table 3b; The bilateral group had the highesﬁ
mean total years of education (X=15,00 years), and the
learning disabled group had the lowest (X=10.00 years) .
Only the polydrug and learning disabled groups had mean
total years of education significantly lower than controls.
It must be kept in mind, however, that both of these groups,
and particularly the learning disabled group, had a large
number of subjects who were still in school. As was the
case with age, a covariate analysis was judged to be

unnecessary--largely for the same reasons.

Croup Comparisons: General Indices of Neuropsychological

Functioning

Prior to looking at stylus-maze performance across
the different subject groups, it will be useful to see how
these groups differ on géneral indices of neuropsychologi-
cal functioning. Five non-independent indices were examined.
These were the Average Impairment Rating, the WAIS Full
Scale IQ, the WAIS Verbal IQ, the WAIS Performance IQ, and
the Wechsler Memory Scale--Memory Quotient. No control
group data were included in the following analyses.

A MANOVA was run to assess the overall group effect
over these five general indices. The F approximation based
upon the Wilk's A (lambda) statistic (Helwig & Council, 1979)
was found to be highly significant (F(35,578)=3.51, p =
.0001).
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Subsequently, an ANOVA indicated that the mean memory
quotients for each of the eight patient groups did not
differ significantly (F(7,141)=1.33, p=.2402). There were,
however, highly significant intergroup mean differences on
the other four measures as can be seen in Table 4.

Looking first at the Average Impairment Rating (Table
4a), it can be seen that the left and bilateral groups
are most impaired, being significantly more so than the
schizophrenic, alcoholic, anterior, and learning disabled
groups. The learning disabled and anterior groups were
least impaired on this rating, being significantly less
so than the alcoholic, schizophrenic, polydrug, right,
bilateral, and left groups.

Table 4b presents the findings for the_WAIS Full Scale
IQ. The polydrug subjects had the lowest mean Full Scale
I0 (i = 87.08), which was significantly lower than those
of the right, schizophrenic and alcoholic groups. The
alcoholic subjects had the highest mean Full Scale IQ
(X = 107.79), which was significantly higher than those
of the left, anterior, bilateral, learning disabled, and
polydrug groups.

Table 4c preéents the findings for the WAIS Verbal IQ.
The polydrug subjects had the lowest mean Verbal IQ

(X = 86.50), which was significantly lower than those of
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Table 4. Means, standard deviations, ranges, and statistical comparisons
of the eight subject groups (excluding controls) for the Average Impair-
ment Rating (a), the WAIS Full Scale 1Q (b}, the WAIS Verbal IQ (c), and
WAIS Performance IQ (d). "E" values denote results of a one-way ANOVA.
Under heading "Duncan", those groups not connected by a continuous column
of Xs have mean differences that are statistically significant (p=.05) on
Duncan's Multiple Range Test

A. Average Impairment Rating. (F(7,153)=5.28, p = .0001)

Group n X SD Range Duncan
Left Hemisphere 11 2.07 .85 .75-4.00 X

Bilateral 19 2.03 .49 .92-2.88 X

Right Hemisphere 20 1.81 .48 1.00-2.64 x X
Polydrug 26 1.63 .53 .67-2.75 X X X
Schizophrenic 21 1.44 .67 «50-3.17 X x X
Alcoholic 20 1.37 .69 .58~3,25 X x
Anterior 11 1.30 .45 -42-1.83 x
Learning Dis. a3 1.30 .51 .42-3,00 x
B. WAIS Full Scale 1Q. (F(7,153)=4.61, p = .0001)

Group n X SD Range Duncan
Polydrug 26 87.08 9.88 72-109 bd

Learning Dis. 32 92.03 12.54 65-117 X %
Bilateral 19 93.84 12.48 72-116 b I 4
Anterior 11 95.73 15.83 77-137 X X

Left Hemisphere 10 96.30 14.37 72-111 X X

Right Hemisphere 20 99.15 13.90 78-123 X X
Schizophrenic 20 100.10 15.33 71-136 X X
Alcohelic 19 107.79 15.50 80-131 X

C. WAIS Verbal 10. (F(7,153)=5.11], p = .0001)

Group n X SD Range Duncan
Polydrug 26 86.50 11.75 70~112 x

Learning Dis. 32 88.31 14.07 69-120 X X

Left Hemisphere 10 92.40 17.65 60-117 X X X
Anterior 11 95.36 17.00 71-135 X X X X
Bilateral 19 97.63 14.83 . 80-132 X x X
Schizophrenic 20 101.10 18.36 70-142 X x
Right Hemisphere 20 103.40 15.29 73-129 X X
Alcoholic 19 107.32 16.96 74-130 x
D. WAIS Performance IQ. (F(7,153)=4.61, p = .0001)

Group n X SD Range Duncan
Bilateral 19 89.41 10.84 65-110 x

Polydrug 26 89.86 9.96 72-112 X

Right Hemisphere 20 93.65 13.65 65-117 x X
Anterior 11 97.00 15.82 77-135 X X
Learning Dis. 32 97.94 12.88 49-115 x
Schizophrenic 20 98.65 11.95 76-123 x

Left Hemisphere 10 101.70 12.91 76-122 X X
Alcoholic 19 107.37 13.29 89-129 x
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the- right, schizophfenic, and alcoholic groups. The
alcoholic subjects had the highest mean Verbal IQ (X =
107.32), which was significantly higher than those of the
left, learning disabled, and polydrug groups.

Table 4d presents the findings for the WAIS Per-
formance IQ. The bilateral and polydrug groups had the
lowest mean Performance IQs (Xs = 89.41 and 89.86
respectively), which were significantly lower than those
of the learning disabled, schizophrenic, and alcoholic
subjects. Alcoholics had the highest mean Performance IQ
(X = 107.37), which was significantly higher than those of
all other groups except the left group.

These group differences are considered in the inter-

' pretation of the stylus-maze results.

Group Comparisons: Stylus-Maze Test

In previous research on the stylus-maze test, trials
to a specific learning criterion has been used as the
principal or only dependent measure. This'dependent
measure is also of principal interest here. 1In addition,
however, total errors and three other more experimental
dependent measures are examined. Figure 6 represents
histographically mean total trials to criterion for each
subject group on Maze 2, Maze 3 and Maze 4. As can be
seen, the polydrug, bilateral, right, and anterior groups
appear to be most impaired. As the initial step in the

data analysis, a MANOVA was run to assess the overall group
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effect, not only over the three dependent measures of
trials to criterion Maze 2, Maze 3, and Maze 4;.but also
three additional measures discussed below; total errors
on Maze 2, Maze 3, and Maze 4. All of these six dependent
measures are interdependent, firstly because all measures
come from the same subject and secondly, because the trials
to criterion and total errors measures are two measures of
essentially the same concept--maze leérning ability. A
table of intercorrelations among these six measures is
presented in Appendix B. To éssess an overall effect, the
Wilk's A (iambda) statistic (Helwig & Council, 1979) and
accompanying F approximation was used. This multivariate
F approximation was highly significant (F(48,830)=1.96, p=
.0002).

Subsequent ANQVAs were run on the total "trials to
criterion measure for Maze 2, Maze 3, and Maze 4, in-
dividually. The results of these analyses and subsequent
tests (Duncan's Multiple Range Test) are reported in
Table 5, parts a, b, and ¢. First looking at Table 5a--
trials to criterion on Maze 2--it can be seen that only
the right, bilateral, and polydrug groups took signifi-
cantly more trials to reach criterion than normal controls.
Very similar.results were obtained on Maze 3 (Table 5b).
Again, right, polydrug and bilateral groups were the only
ones significantly more impaired than normal controls.

On Maze 4 (Table 5c) the polydrug, bilateral, right,

anterior, schizophrenic and alcohol gioups all took
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Table 5. Means, standard deviations, ranges, and statistical comparisons
of the nine subject groups for trials to criterion on Maze 2 (a), Maze 3
(b), Maze 4 (c) and Mazes 2, 3, and 4 summed (d). "F" values denote
results of a one~way ANOVA. Under heading "Duncan". those groups not
connected by a continuous column of Xs have mean differences that are
significant (p=.05) on Duncan's Multiple Range Test.

A. Trials to Criterion--Maze 2. (F(8,173)=4.34, p = .0001)

Group n X SD Range Duncan
Right Hemisphere 20 11.00 8.05 2-25 x

Bilateral 19 10.16 7.56 2~15 X %
Polydrug 26 8.73 5.22 3-25 X X x
Left Hemisphere 11 . 7.36 4.23 2-16 x X X x
Schizophrenic 21 7.33 5.43 2-24 X X X
Learning Dis. 33 6.97 4.19 3-29 X X X
Alcoholic 20 6.00 2.94 2-12 X X
Anterior 11 5.73 3.03 2~13 X x
Control 21 3.10 1.48 2- 7 X
B. Trials to Criterion--Maze 3. (F(8,173)=4.58, p = .0001)

Group n X ) Range puncan
Right Hemisphere 20 14.65 7.86 4-25 b3

Polydrug 26 14.19 7.55 3-25 b4

Bilateral 19 13.21 8.27 2-25 X x
Anterior 11 10.91 7.93 2=-25 x X X
Left Hemisphere 11 10.55 7.41 2-25 X X X
Learning Dis. 33 9.12 6.01 2-25 X X
Schizophrenic 21 8.90 5.77 2-25 X x
Alcoholic 20 7.55 5.61 2-21 x
Control 21 5.76 2.55 2-11 x

C. Trials to Criterion--Maze 4. (F(8,173)=6.52, p = .0001)

Group n X Sb Range Duncan
Polydrug 26 18.31 7.35 6-25 x

Bilateral 19 17.47 7.79 - 4-25 X X

Right Hemisphere 20 17.00 7.08 6-25 X x x
Anterior 11 16.09 7.12 6-25 x® X X
Schizophrenic 21 14.19 6.56 6-25 X X X
Alcoholic 20 13.78  7.17 3-25 X X X
Left Hemisphere 11 11.73 5.20 7-25 ‘X x X
Learning Dis. 33 10.03 5.60 4-25 X X
Control 21, 7.90 5.45 2-23 x

D. Trials to Criterion--Mazes 2 + 3 + 4. (F(8,173)=7.18, p = .0001)

Group n X SD Range Duncan
Right Hemisphere 20 46 .65 19.97 17-75 x
Polydrug 26 41.23- 15.19 17-75 X
Bilateral 19 40.84 19.87 11-75 x
Anterior 11 32,73 14.94 15-58 X x
Schizophrenic 21 30.43 14.53 15-63 . x
Left Hemisphere 11 29.64 11.60 15-54 x
Alcoholic 20 27.30 13.56 10-56 X

. Learning Dis. 33 26.12 12.51 12-51 b4

Control 21 16.76 7.05 8-31 x
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significéntly more trials to reach criterion than normal
controls. Only the left and learning disabled groups did
not differ significantly from normal controls on this
Maze.

Table 54 reports the results of an ANOVA on total
trials to criterion summed over Mazes 2, 3, and 4. This
measure is, of course, redundant with the first three, and
is examined to assess its usefulngss as a single measure
of maze learning ability. As can be seen in Table 54, all
the patient groups took significantly more trials overall
to reach criterion than the normal controls. The subjects
in the right, polydrug, bilateral, and anterior groups were
significantly more impaired on this measure than the
schizophrenic, left, alcoholic and learning disabled sub-
jects. Total errors was the second major measure of maze
learning examined. These findings are illustrated in
Figure 7 and reported in Table 6. Examination of Figure 7
indicates polydrug, bilateral, right, and anterior groups
appear to be most impaired on all three mazes, and perhaps
particularly so on Maze 4.

The results of ANOVA and subsequent tests for total
errors are presented in Table 6a. It can be seen that on
this maze only the right, bilateral and polydrug groups
made significantly more errors than normal controls. On
Maze 3 (Table 6b), the right, left, polydrug, and anterior
groups made'significahtly more errors than normél controls.,

On Maze 4 (Table 6¢), the polydrug, bilateral, right,
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Table 6. Means, standard deviations, ranges, and statistical comparisons of
the nine subject groups for total errors on Maze 2 (a), Maze 3 (b), Maze 4
(c), and Mazes 2, 3, and 4 summed (d). "F" values denote results of a one-
way ANOVA. Under heading "Duncan", those groups not connected by a con-
tinuous column of ‘Xs have mean differences that are significant (p=.05) on
Duncan's Multiple Range Test.

A. Mean Total Errors--Maze 2. (F(8,173)=2.53, p = .0126)

Group n X SD Range Duncan
Right Hemisphere 20 21.35 24.84 0~-100 x

Bilateral 19 16.58 23.08 0-100 X x
Polydrug 26 13.96 19.39 3-100 X x
Learning Dis. 33 10.55 16.99 1-100 X X
Left Hemisphere 11 10.00 9.52 0~ 34 X X
Schizophrenic 21 9.90 11.11 0- 51 X x
Alcoholic 20 7.35 5.17 0- 16 X x
Anterior 11 6.09 5.94 0- 22 X X
Control 21 2.14 2.67 6- 10 x

B. Mean Total Errors--Maze 3. (F(8,173)=3.81, p = .0004)

Group n X SD Range Duncan
Right Hemisphere 20 31.05 29.04 4-102 x

Bilateral 19 26.58 26.90 0-100 X x
Polydrug 26 25.96 21.23 4-100 X x
Anterior 11 -22.36 18.77 0~ 63 X X X
Left Hemisphere 11 18.36 21.61 0- 75 X X X
Learning Dis. 33 14.24 18.09 0-100 X X X
Schizophrenic 21 13.76 13.03 0- 51 X X X
Alcoholic 20 12.10 13.22 0- 52 x
Control 21 5.14 3.90 " 0~ 14 x
C. Mean Total EBrrors--Maze 4. (F(8,173)=5.15, p = .0001})

Group n X SD Range Duncan
Polydrug 26 52.35 33.09 7-105 x

Bilateral 19 49.16 37.61 5-100 X X

Right Hem. 20 45.25 33.49 14-110 X X
Anterior 11 39.82 33.84 2-100 X X X
Schizophrenic 21 36.95 27.03 10-100 X X x
Alcoholic 20 32.70 28.11 2-100 X X
Left Hemisphere 11 25.18 26.24 6-100 X X x
Learning Dis. 33 21.42 20.37 3-100 X x
Control 21 11.57 10.89 0~ 45 x

D. Mean Total Errors--Mazes 2 + 3 + 4. (F(8,173)=4.69, p = .0001)

Group n ‘X SD Range Duncan
Right Hemisphere 20 97.65 80.51 24-300 X
Bilateral 19 92.32 178.77 10-300 x
Polydrug 26 92.27 61.37 22-300 X
Anterior 11 68.27 52.08 23-173 X X
Schizophrenic 21 60.62 45.08 18-171 X x
Left Hemisphere 11 53.55 47.41 12-179 X X
Alcoholic 20 52.15 39.00 9~132 X x
Learning Dis. 33 46.21 51.52 5-300 X X
Control 21 18.86 13.65 3~ 57 x
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anterior, schizophrenic and alcoholic groﬁps all made
significantly more errors than controls.

As was the case with the trials to criterion measure,
total errors for Mazes 2, 3, and 4 were summed, and this
sum was examined as a single measure of maze learning.
These data are presented in Table 6d. The results of the
analyses reported in Table 64 indicate that the right,
bilateral, polydrug, anterior and schizophrenic groups
were all significantly impaired relative to controls. Only
left, alcoholic, and learning disabled groups did not
differ significantly from controls.

Summarizing the stylus-maze findings so far presented,
the following generalizations can be made: (1) On Maze 2,
whether the dependent measure is trials to criterion of
total errors, only the right, bilateral, and polydrug
groups are impaired relative to controls. (2) As the
mazes become more difficult (Mazes 3 and 4), other groups
(anterior, schizophrenic, and alcoholic) appear impaired
relative to controls. (3) On all six of the principal
dependent measures (trials to criterion on Mazes 2, 3, and
4; and total errors on Mazes 2, 3, and 4), left hemisphere
lesioned and learning disabled subjects did not differ
significantly from contréls in maze learning ability. (4)
Of the two summary measures examined (sum trials to
criterion and sum total errors) sum trials to criterion

appears to be the more sensitive, distinguishing normal

controls from all other groups in maze learning ability.
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Examination of Experimental Scoring Systems

When the stylus-maze data were first examined, before
any data analysis was done, it was noticed that a large
proportion of subjects in the polydrug group failed %o
learn Maze 4 within 25 trials (see Figure 8). Bilateral,
right and anteriof groups also showed a high percentage of
such maze failures. It is unfortunate that testing was
terminated at 25 trials, particularly for purposes of
examining maze learning in these groups. It may be that if
testing were continued until all but the most impaired
subjects had reached criterion, the polydrug, right,
bilateral, and anterior groups may have turned out to be
more impaired in maze learning than they were, in fact,
observed to be. There is, unfortunately, no way to directly
test for this possibility with the data at hand. However,
considering this general question, a more specific question
emerges that can be tested indirectly. It will bé recalled
that the right, bilateral, and polydrug groups were con-
sistently the three most impaired groups on all six of the
principal measures of maze learning. Additionally, these
groups did not differ significantly from each other in any
of the comparisons. The possibility can be raised ﬁhat if
testing had been continued substantiall& beyond 25 trials,
one or two of these groups may have emerged as more impaired
in maze learning than the other(s). If that were the case,
it might be expected that the most impaired group(s) would

have a significantly higher proportion of maze failures than
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the other group(s). This hypothesis was tested by a series
of Chi2 tests comparing the. proportion of maze failures
among the right, bilateral, and polydrug groups. The
results of these comparisons, along with the number and
percentage- of mazé failures and successes for all nine
subject groups, is presented in Table 7. As can be seen

by examining Table 7, none éf the comparisons among these
three groups produced Chi2 ratios approaching significance,
and thus, this hypothesis was not confirmed.

The second experimental scoring system involved the
counting of isolated errorless trials. Recalling that the
criterion for maze learning was two successive errorless
trials, it is possible for a subject to achieve a single
errorless trial, then make an error on the following trial.
A large number of such isolated errorless trials may suggest
an attentional rather than learning deficit since the problem
in these cases is failure to maintain a level of performance
previously attained. Table 8a presents the findings of an
ANOVA contrasting the nine subject groups on this variable.
As can be seen, the overall effect was weak, barely
reaching the .05 confidence level. Only the right, bi-
lateral, and polydrug groups made significantly more
isolated errorless trials than the controls. Thus, the
pattern of deficit on this variable does not appear to be
different from that of the principal measures of maze

learning.



Table 7. A: Incidence and percentage of failures to
solve Maze 4 within 25 trials, by group.
Groups are listed from most impaired to least
Chi2 tests comparing the propor-
tion of Maze 4 failures among the right,
bilateral, and polydrug groups.

impaired.

B:

A

Learn Maze 4 within 25 trials

Polydrug
Bilateral

Right

Anterior
Alcoholic
Schizophrenic
Left Hemisphere
Learning Dis.

Control

Comparison

Right vs Bilateral
Right vs Polydrug

Yes
No. %
14 53.85
12 63.19
14 70.00

8 72.73
17 © 85.00
19 90.48
10 90.91
31 93.94
21 100.00

B

QE}E
.21

1.24
.39

Bilateral vs Polydrug

No

No. 3
12 46.15
7 38.84
6 30.00
3 27.27
3 15.00
2 9.52
1 9.09
2 6.06
0 0.00

daf p value
1l ns
1 ns
1 ns

63
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Table 8. Means, standard deviations, ranges, and statistical comparisons
of the nine subject groups for isolated errorless trials (a), errors per
trial on Maze 2 (b), Maze 3 (c), and Maze 4 (d). "E" values denote
results of a one-way ANOVA. Under heading "Duncan", those groups not
connected by a continuous line of Xs have mean differences that are
statistically significant (p=.05) on Duncan's Multiple Range Test.

A. Isolated Errorless Trials. (F(8,173)=2.03, p = .0457)

Group n X SD . Range Duncan
Right Hemisphere 20 2.65 2.35 0-10 x
Bilateral 19 2.63 2.11 0- 7 X
Polydrug 26 2.46 1.92 0- 6 x

Left Hemisphere 11 2.18 1.47 0- 5 X X
Anterior 11 2.00 1.61 0- 5 x X
Schizophrenic 21 2.00 2.51 0-10 X x
Alcoholic 20 1.70 1.84 0- 5 X x
Learning Dis. 33 1.45 1.37 0- 5 X x
Control 21 0.95 1.12 0- 3 x

B. Errors per Trial--Maze 2. (F(8,173)=3.06, p = .003)

Group n X SD Range Duncan
Right Hemisphere 20 1.46 .93 0.0-4.0 x
Polydrug 26 1.32 .69 0.5-4.0 X
Bilateral 19 1.24 .87 0.0-4.0 x
Learning Dis. - 33 1.22 .67 0.3-4.0 4
Schizophrenic 21 1.19 .64 0.0-2.7 X

Left Hemisphere 11 1.14 .65 0.0-2.2 X
Alcoholic 20 1.09 .5% 0.0-2.0 X
Anterior 11 0.89 .42 0.0-1.7 b4 X
Control 21 0.53 .60 0.0-2.0 X

C. Errors per Trial--Maze 3. (F(8,173)=3.42, p = .0011)

Group n X SD Range Duncan
Anterior 11 2.38 .78 0.0-4.0 X

Right Hemisphere 20 1.87 .97 0.6-4.1 X X
Polydrug 26 1.67 .64 1.0-4.0 X X
Bilateral 19 1.67 .94 0.0-4.0 X x
Left Hemisphere 11 1.36 .86 0.0-3.0 X X
Schizophrenic 21 1.31 .61 0.0-2.5 X X
Alcoholic 20 1.30 .74 0.0-2.5 x x
Learning Dis. 33 1.24 .78 0.0-4.0 b I 4
Control 21 0.79 .44 0.0-2.0 X

D. ECrrors per Trial--Maze 4. (F(8,173)=4.63, p = .0001)

Group_ n X SD Range buncan
Polydrug 26 2.68 .96 0.9-4.2 x
Bilateral 19 2.48 1.18 0.7-4.0 X x
Right Hemisphere 20 2.43 .95 1.2-4.4 X X
Schizophrenic 21 2.38 .77 1.4-4.0 X X
Anterior 11 2.18 -1.21 0.2-4.0 X x
Alcoholic 20 2.09 .98 0.7-4.0 x x
Learning Dis. 33 1.90 .82 0.6-4.0 x
Left Hemisphere 11 1.86 .88 0.9-4.0 X X
Control - 21 1.27 .62 0.0-2.2 x
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The third experimental scoring system was errors per
trial. This measure was obtained by taking the total number
of errors made prior to reaching criterion (excluding those
made on the first trial), and dividing by the total number
of trials (excluding the first). For subjects who were
unable to learn the maze within 25 trials, the total
number of errors, again excluding those made on the first
trial, were divided by 25. The findings for this measure
ofr Mazes 2,.3, and 4 are presented in Table 8b, ¢, and 4.

Examining Table 8k, it can be seen that only the right,
bilateral, and polydrug groups made significantly more
errors per trials than controls on Maze 2.

On Maze 3 (Table 8c), the anterior group made the
most errors per trial, followed by the right, polydrug,
and bilateral groups. These were the only four groups
that made significantly more errors per trials than
controls.

On Maze 4 (Table 8d), the polydrug, bilateral, right,
schizophrenic, anterior, alcoholic, and learning disabled
groups all made significantly more errors per t;ial than
controls. Only the left group did not.

With the exception of the anterior groups high number
of.errors per trial on Maze 3 then, the pattern of findings
for this variable appears to be similar to that of the

principal measures on maze learning.
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A Factor Analytic Study of the Stylus-Maze Test

A factor analysis was run using the eight patient

groups~(excluding controls). There were a total of 161

subjects and 36 variables in the analysis. The variables

were the tests listed on page 41 with the following

exceptions and additions:

1.

Three measures of stylus-maze learning were
entered into the analysis: Trials to criterion

on Maze 2, Maze 3, and Maze 4.

Inasmuch as the WAIS Digit Span subtest and the
WMS Digit Span subtest are essentially the same,
only the WMS subtest was entered into the
analysis. Digits forward and digits backward

were entered separately.

Only independent subtests were entered into the
analysis in keeping with the assumptions of the
test. Thus, such summary measures as the
Average Impairment Rating and IQs were not

entered.

Age was entered as a variable in order to assess

its effect on particular factors.

In order to assess the effect of the probable
presence of right-sided, -posterior region

lesions on particular factors, the subject pool

"as a whole was divided into two groups. The



first’group consisted of subjects who may have
.right—sided posferior lesions (i.e., subjects in
the right and bilateral groups). The second
group consisted of subjects for whom the presence
of such lesions is extremely unlikely (i.e., all
other groups). These two groups were represented
by two levels of an additional variable entered
into the analysis called, "right posterior

lesion status."

A common factor model using a Pearson Product Moment
correlation matrix was employed. There were a total of
22 missing observations in the data that were dealt with
via a pairwise deletion procedure. An objective scree
test (Brennan & Lee, Note 1) was used to determine the
number of factors to be extracted, which turned out to be
nine.

An oblique rotation procedure (PROC PROMAX in SAS)
was used. Appendix Table C presents a table of
interfactor correlatiqps.

Since the purpose of this analysis is to examine the
neuropsychological cdrrelates of stylus-maze learning,
the aspects of the factor analysis relevant to this ques-
tion are emphasized, rather than attempting a full
description of the overall factor pattern.

Tables 9, 10, and 11 present the findings of this
analysis. The nine factors are presented in the order of

the amount of total variance each explains, with those
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factors explaining most being listed first. Within each
factor, only variables with loadings of at least an absolute
value of .30 are listed, and the order of listing is from
the highest loading variables to the lowest. In addition
to test variables being listed as noted, it will be
noticed that under these variables for each factor are the
loadings for the two additional non-test variables, "right
posterior lesion status" and age.

Factors I and IV were reflected (i.e., the signs were
changed for all loadings of that factor) so that a high
positive factor loading reflects better performance. This
compensates for the fact that on some tests a higher score
reflects better performance, while on others higher scores
reflect more impairment.

Examining Tables 9, 10, and 11 it can be seen that the
only factor that any of.the stylus-maze test variables
load highly on (above the *.30 cutoff point) is Factor I.

On this factor, stylus-maze, Maze 3 was the highest loading

variable (factor locading = -.70), followed by stylus-maze,
Maze 4 (factor loading = ~-.68), and stylus-maze, Maze 2
{factor loading = -.67). Other variables loading highly

on Factor I are WAIS Block Design (visual-spatial analysis,
visual-motor coordination), HRB Spatial Relations Rating
(visual-spatial/constructional abilities), WMS Visual
Reproduction (memory for designs/constructional abilities),
WAIS Arithmetic (mental calculation, alertness, concen=-

tration), WAIS Object Assembly (visual-spatial organization),



Table 9.

Factor Loadings

-.70
-.68
-.67
.54
~.48
.40
.38
.31
.30

.01
~.02

Factor Loadings

.98
.92
.85
.84
.45
~-.36

.06
.67

Factor Loadings

.83
.80
.38

.24
-.33

Factor T.cadings for Factors I, II and III

Factor I

"Visual-Spatial Perceptual"

Variable

Stylus-maze, Maze 3
Stylus-maze, Maze 4
Stylus-maze, Maze 2

WAIS Block Design

HRB Spatial Relations
WMS Visual Reproduction
WAIS Arithmetic

WAIS Object Assembly
WAIS Picture Arrangement

Right posterior lesion status
Age

Factor II
"Language"
Variable

WAIS Information
WAIS Vocabulary
WAIS Similarities
WAIS Comprehension
WAIS Arithmetic
HRB Aphasia Rating

Right posterior lesion status
Age

Factor III

"Incidental Learning/Memory"

Variable

HRB TPT Location
HRB TPT Memory-
WMS Associative Learning

Right posterior lesion status
Age
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Table 10.

Factor Loadings

.76
-.50
-.49
-.44
-.30

-.07
-.22

Factor Loadings

.97
.84
.82
.82
.67

.31
.02

Factor Loadings

.94
.73

.37
-.12

Factor Loadings for Factors IV, V, and VI '

Factor IV

"Sequential Learning/Memory"

Variable

WMS Mental Control
HRB Aphasia Test
HRB Trails B

HRB Categories Test
HRB TPT Right hand

Right posterior lesion status
Age

Factor Vv

"Non-Specific Learning/Memory"

Variable

WMS Associative Learning
HRB TPT, right hand

WMS Logical Memory

HRP TPT, left hand

HRB TPT, both hands

Right posterior lesion status

Factor VI
"Motor"
Variable

HRB Tapping, left hand
HRB Tapping, right hand

Right posterior lesions status
Age
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Table 11.

Factor Loadings

.95
.90

.16
-.07

Factor Loadings

.59
-.58
.47

-.16
.14

Factor Loadings

.75
-.33

.02
~-.04

Factor Loadings for Factors VII, VIII, and IX

Factor VII
"Visual Scanning"
Variable

WAIS Picture Completion
WAIS Digit Symbol

Right posterior lesion status
Age

Factor VIII

"Perception of Sequence"

Variable
WMS Digit Span-Forward
HRB Rhythm Test
WMS Digit Span-Backward
Right posterior lesion status
Age
Factor IX
Spatial Problem Solving"

Variable

WAIS Object Assembly
WAIS Picture Arrangement

Right posterior lesion status
Age
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and WAIS Picture Arrangement (visual perception/sequencing
ability/planning of logical sequences).

This factor was labeled a visual-spatial perceptual
factor based upon the nature of the most highly loading
variables. With the exception of the WAIS Arithmetic,
all variables are ones known to be sensitive to visual-
spatial perceptual deficits.

Looking at the factor loading for variable "age" on
Factor I, it can be seen that, again, there is essentially
no relationship (factor loading = -.02), suggesting that
the composition of, and magnitude of, Factor I is
relatively insensitive to variability in age for this
subject group.

Looking at the factor loading for variable "right
posterior lesion status" on Factor I, it can be seen that
there is essentially no relationship (factor loading =
.01). This indicates that the particular composition of,
and magnitude of, Factor I should be relatively insensitive
to the presence or absence of right-sided, posterior
cortical pathology, at least for this particular subject
pool. This finding does have to be interpreted cautiously
however, and is discussed further below.

Of the other eight factors that emerged in this
analysis, only Factors III, IV and V are discussed here.
These three factors all appear to reflect learning/memory
abilities and.were labeled, respectively: "incidental

learning/memory”, "sequential learning/memory", and
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"non-specific learning/memory". What is interesting about
these three factors is that it might have been expected
that stylus-maze variables might have loaded highly on them,
if as some have suggested, the principal deficit under-
lying impaired stylus-maze learning is mnestic in nature.

On the other hand, the absence of high factor loadings
for stylus-maze variables on these factors cannot be con-
sidered a disconfirmation of the hypothesis that the deficit
underlying impaired stylus-maze learning is mnestic in
nature. This is due to the indeterminate nature of the
factor rotation process used here.

Taken in sum then, this analysis suggests that the
stylus-maze test is maximally sensitive to a visual=
spatial perceptual deficit as had been previously suggested.
Further, it appears that this finding is not specific to
patients with known right-sided posterior lesions but
rather, characterizes the subject pool as a whole. Also,
the factor that stylus-maze performance contributes most
greatly to appears to be relatively insensitive

to variability in age of the subjects.



1vV. DISCUSSION

Findings Concerning the Cortically Lesioned Subjects

As predicted, the subjects with right hemisphere
cortical lesions were found to be significantly impaired
on maze learning, both in comparison to controls and
subjects with left hemisphere cortical lesions. This was
found to be the case on all six of the principal measures
of maze learning (trials to criterion on Mazes 2, 3, and
4; and total errors on Mazes 2, 3, and 4). Not sur-
prisingly, this was also the case for the subjects having
bilateral cortical lesions.

These findings are seen as replicating the findings of
the previous studies of the stylus-maze test. ‘Milner
(1964; 1965) had found subjects with right hemisphere and
bilateral surgical incisioﬁs of the cortex to be impaired
in maze léarning relative to subjects with left hemisphere
incisions {(Milner, 1964), and in comparison tc subjects
with left hemisphere incisions and controls (Milner, 1965).
Newcomb and Russell (1969) and Ratcliff and Newcomb (1973)
found that patients with old (20 years plus) right
hemisphere penetrating missile wounds were more impaired
in maze learning than patients with similar left-sided
wounds and non-CNS injured controls. De Renzi et al.
(1977) found that patients with right sided cortical

injuries of various etiologies (70% vascular) were more
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impaired in maze learning than similar left-sided cases or
non-CNS injured controls.

Although the left hemisphere injured subjects in the
present study were the most impaired overall on the
Average Impairment Rating (X = 2.07), this group did not
differ significantly from controls on any of the principal
measures of maze learning. This, as well, replicates
results-reported by De Renzi et al. ¢1977), Milner (1965),
Newcomb énd Russell (1969), and Ratcliff and Newcomb
(1973).

This general finding then, appears to be a stable one,
having been demonstrated in several laboratories using
slightly different equipment and procedures, and with
subject pools varying widely in terms of etiology and
nature of cortical lesions.

Milner (1965) reported that patients with frontal
lobectomies (7 left, 6 right, 2 bilateral) were signifi-
.cantly more impaired in maze learning than non~-CNS injured
controls, although not as impaired as subjects with right-
sided posterior parietal lesions. 1In the present study, the
subjects judged to have bilateral frontal lobe pathology
(anterior group) were found to be significantly impaired
in maze learning relative to controls on three of the six
principal measures of maze ;earning: trials to criterion
on Maze 4; total errors on Mazes 3 and 4. This finding
can be considered a replication and extension of the

Milner (1965) findings with some qualifications. The
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nature of the pathology of the subjects in the present
study was quite different from that of Milner's subjects.
In the Milner study, all frontal lobe lesioned subjects
had undergone frontal lobectomies for psychiatric reasons,
ahd so, of course, they cannot be considered representative
of frontal lobe patients likely to be encountered on a
neurology/néuropsychology service. In the present study,
the subjects are more representative of frontal lobe
patients likel? to be encountered on such services. On the
other hand, the anterior subjects in the present study are
defined primarily in terms of neuropsychological test
results, with radiological and/or neurosurgical confirma-
tion being available for less than half of the subjects.

It is probably more accurate, then, to describe these
subjects as showing frontal lobe symptomology on neuro-
psychological tests rather than as subjects presumed to have
frontal lobe tissue damage.

Despite the fact that the frontal lobe subjects in the
present study are very different from those in the Milner
study, the findings are very similar, suggesting that maze
learning ability is sensitive to frontal lobe impairment

as assessed by varying means.

Abilities Underlying Stylus-Maze Learning

Although the present findings do support the view that
the abilities underlying maée-learning ability are most

sensitive to right hemisphere pathology, they offer no
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information as to the nature of these abilities. 1In
addition, of course, it cannot be assumed that the defeot
underlying impaired maze learning is the same for all
subjects--even all subjects with similarly located lesions.

| Despite these ever-present problems, Newcomb and
Russell (1969) and Ratcliff and Newcomb (1973) argue that
considering subjects with right hemisphere lesions as a
whole (and keeping in mind that these investigators
attribute maze failure primarily to right hemisphere
pathology); impaired maze learning is usually the result
of a visual-spatial perceptual defect. De Renzi et al.
(1977) on the other hand, view impaired maze learning
subsequent to right hemisphere pathology as predominantly
secondary to impaired topographical memory. Both groups
of investigators offer no hypotheses as to the factors
underlying maze impairment in patients who are not thought
to have right hemisphere pathology.

Regarding this controversy as approached by these
investigators, this study adds no new pertinent information.
However, approaching the question of the etiology of
stylus-maze impairment from a more general perspective, it
is believed that the results of the factor analysis re-
porte& here provide some very useful information.

It is clear that although subjects with a relatively
high probability of right hemisphere, posterior region
cortical lesions (i.e., the right and bilateral groups)

tend to be more impaired overall in maze learning than
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other subjects (except polydrug--see below); it is never-
thelesé true that some other groups do appear to be
impaired in maze learning relative to controls. Addition-
ally, there are individual cases from all groups except
controls in.which maze learning is severely impaired, and in
the case of controls, there are moderately impaired cases.

The question then arises, considering subjects for
whom the precise location and extent of brain injury is
unknown; what information can be gained by using the
stylus-maze test? Does marked stylus-maze impairment in
a patient whose precise brain pathology is unknown suggest
a visual-spatial information processing defect, a mnestic
defect, or some other? Alternatively, perhaps the
mechanisms of maze failure vary so widely with pathologies
of different etiologies and locations that no single set
of correlates of maze learning will emerge from a
heterogeneous group cf subjects.

The results of the factor analysis reported here
suggest that, in general, subjects impaired in maze
learning tended also to be impaired on tests generally
thought to be sensitive to visual-spatial perceptual
- deficits. This trend was qﬁite strong, with the "visual-
spatial perceptﬁal" factor emerging as the one accounting
for the most variability (of the nine factors extracted),
and with the three stylus-maze dependent variables being

the three most highly loading variables on this factor.
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Such a trend did not emerge for other abilities thought to
be relevant to stylus-maze performance such as memory or
attentional capacity.

Further, this trend appears to be independent of the
presence or absence of right-sided posterior cortical
lesions~-~-the presumed location of visual-spatial informa-
tion processing centers. This claim is based upon a
procedure within the factor analysis by which a véfiable
is introduced that codes the subjects into one of two
categories: (1) possible or likely presénce of right
posterior cortical damage, i.e., right and bilateral groups;
and (2) highly improbable presence of such damage,

i.e., all other groups. This variable did not load

highly (.01) on the visual-spatial perceptual factor,
indicating that variability along this dimension has very
little effect on the quantitative or qualitative aspects

of this factor. This variable did, by the way, load highly
on some other factors.

It could be argued, however, that being it is not
known how many subjects in the right and bilateral groups
actually did have right posterior cortical damage that
hit the "visual-spatial" center (s), the inclusion of this
variable in the analysis produced no effect on the factor
in question because in reality there were very few cases
in which these centers were impaired and thus,'the variable
really did not divide the subjects into the two categories

as described above. This point is valid. However, if this
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is assumed to be the case, then it would follow that
nearly all of *the subjects included in the factor analysis
did not have right posterior cortical injuries hitting
the "visual-spatial" centers and still the visual-spatial
perceptual deficit appears to be implicated in maze
failure.

Thus, the results of this aspect of the present study
can be considered as supporting the hypothesis that the
stylus-maze is primarily sensitive to a visual spatial-
perceptual impairment. There are several reasons, how-
ever, why this hypothesis can on;y be offered tentatively.
Some of these reasons have to do with the nature of the
factor analytic procedure. Particularly, due to the non-
determinant (i.e., somewhat arbitrary) factor rotation
procedure, it may be that other equally valid factor
analyses may find a strong memory factor, for example,
upon which measures of maze learning do load highly.

The only way to adequately deal with this limitation
is to replicate the present findings with other subjects,

and ideally, other neuropsychological test batteries.

Findings Concerning the Groups Defined in Terms

of Medical Histories

The most interesting finding here concerns the per-
formance of the polydrug subjects, who appear to be
fully as impaired in maze learning as the subjects with

right hemisphere and bilateral cortical lesions. None
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of the other groups in this general category were so
impaired.

In attempting to interpret this result, it is first
necessary to examine evidence concerning whether maze
failure in these polydrug subjects is likely due to a
specific defect particulary relevant to maze learning, or
a more general defect that would be expected to impair
performance on numerous neuropsychological tests. Some
evidence for the latter point of view is found in the
examination of the polydrug subject's IQ scores. The
mean WAIS Full Scale IQ was the lowest of all groups, being
significantly lower than those of the right hemisphere,
schizophrenic, and algoholic groups. On the WAIS Verbal
IQ rating-—-a score considered sensit;ve to left hemisphere
impairment--the polydrug subjects had a mean IQ slightly
lower than the left hemisphere lesioned subjects. Con-
versely, on the WAIS Performance IQ rating--a score con-
sidered sensitive to right hemisphere impairment--the
polydrug subjects had a mean IQ slightly lower than the right
hemisphere lesioned subjects. This is consistent with the
findings reported by Grant et al. (1976) in which 22 young
male polydrug abusers scored significantly lower than age
and SES matched controls on the WAIS Full Scale, Verbal, and
Performance IQ. Although control group comparisons are
not available in the present study, it is nevertheless
guite clear that polydrug subjects are impaired on all

three IQ measures. Grant et al. (1978) studied the
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performance of 151 young polydrug users on the Halstead-
Reitan battery, and based upon the results of a factor
analysis, concluded that these subjects were significantly
impaired in both verbal and non-verbal abilities.

" The findings of the present study are consistent with
others then, in indicating that polydrug subjects tend to
be "generally" impaired. This is also supported by the
finding that 18 of 26 subjects in the polydrug group had
Average Impairment Ratings of 1.36 or higher--the cutoff
point indicating at least mild cerebral impairment.

Another difficulty in interpreting the very poor
stylus-maze performance by the polydrug abusing subjects
in the present study involves the question of the degree
to which the observed impairment can be attributed to the
chronic use of drugs. Perhaps these subjects, possibly
having low IQs and/or specific learning disabilities, are
predisposed to polydrug use because of these conditions.
The best way to control for this likelihood is to have
testing on these subjects prior to chronic drug use. In
the present study, this issue had to be addressed in a
less direct manner. Taking into account the possibility
that the poly@rug subjects in the present study may have
mental deficits that predispose them to drug use and that
the stylus-maze test as well as others may in fact be
tapping these deficits, an additional control group was
sought in which the subjects were very similar to the

polydrug subjects but did not have the drug use histories.
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For this reason the "learning disabled" group was included.
As stated previously, this group does not consist of sub-
jects diagnosed "Learning Disabled" but rather includes a
broad range of subjects who have failed to thrive
academically--as might also be assumed to be the case for
the polydrug subjects. It cannot, of course, be assumed
that these subjects are identical to the polydrug subjects
except for drug use.. However, there is some evidence that
this is a useful control group. The polydrug and learning
disabled groups were nearly identical in age, total years
of education, WAIS Full Scale IQ and WAIS Verbal IQ. On
the Average Impairment Rating and WAIS Performance IQ,
however, the polydrug subjects were significantly more
impaired than the learning disabled subjects. These
findings raise the interesting possibility that polydrug
subjects may have verbally oriented learning impairments
relatively independent of drug use, and visual spatial
impairments, perhaps a result of drug use. This would
certainly be consistent with the often reported finding
that alcoholics who are found to be neuropsychologically
impaired are typically impaired in non-verbal tasks.
Parsons and Farr (1981) for example, conclude from a
review of studies of neuropsychological correlates of
chronic alcoholism that visual-spatial, tactual-spatial,
constructional, nonverbal abstracting, and set flexibility
tasks are typically impaired. This assumes, of course,

that chronic multiple drug and chronic alcohol use affect
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mental functions in similar ways. Uhfortunately, no
such clear-cut pattern of impairment can as yet be pieced
together following chronic polydrug use (Parsons & Farr
1981).

On the stylus-maze test, the performance of the
polydrug and learning disabled groups differed sharply;
the polydrug subjects being highly impaired as discussed
above, and the learning disabléd subjects not being
impaired relative to controls on any of the six principal
measufes of maze learning. This finding is quite con-
sistent with the hypothesis offered above if it is assumed
that the stylus-maze test is primarily sensitive to
visual-spatial perceptual dysfunction.

Regardless of the validity of this rather speculative
hypothesis, however, the present results strongly suggest
that the stylus-maze test is very sensitive to the
neuropsychological impairments of these polydrug subjects,
and that this phenomenon deserves further study.

Alcoholics were found to be only moderately impaired
in maze learning; being significantly impaired in
maze learning relative to controls only on the most
difficult maze--Maze 4. It is also interesting to note that
the alcoholic subjects were significantly less impaired in
maze learning than the polydrug subjects (despite the fact
that the polydrug subjects were significantly younger)
on both measures of maze:learning for Mazes 3 .

and 4. That alcoholics would be impaired in maze
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learning probably should not be surprising inasmuch as
it is commonly thought that chronic alcohol abuse does
impair visual-spatial information processing abilities
as discussed on the previous page. In fact, it might be
considered surprising that the alcoholic subjects in
the present study were not more impaired in maze learning.
On the other hand, it is known that younger alcoholics are
less likely to be neuropsychologically impaired (Gudeman
et al., 1977). Having a mean age of 41 years, this group
as a whole is relatively young for alcoholic subjects.
Another consideration in interpreting these findings is that
the mean IQ of the alcoholic subjects in the present study
was the highest of all subject groups and was significantly
(and substantially) higher than the mean IQ of the poly-
drug subjects. In sum, then, the alcoholic subjects
appear to be only mildly impaired neuropsychologically
overall, and to be moderately impaired in maze learning.
It will be interesting to see how older and more impaired
alcoholics perform on the stylus-maze test.

As was the case with the alcoholic subjects, the
schizophrenic subjects were found to be impaired in maze
learning in comparison to controls only on the most
difficult maze--Maze 4. Schizophrenic patients are
typified by varying levels and patterns of neuropsycholog-
ical test deficit (Heaton & Crowley, 1981), often making
the assessment of true neuropsychological dysfunction in

these subjects problematical. Likewise, discovering the
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reason for these subjects' level of maze learning is
problematical. There was no evidence, however, that.
these subjects as a group were more inconsistent in maze
performance than other groups, as might have been expected
to be the case.

The learning disabled subjects in the present study
did not differ significantly from controls on any of the
six principal measures of maze learning. Again, it has
to be emphasized that this is a diverse group of mostly
students who have failed to thrive in school. These
subjects appear overall to be impaired in verbal abilities
and within normal limits in non-verbal abilities, in-

cluding maze learning.

Scoring of the Stylus-Maze Test

Three experimental scoring systems were examined in
this study although one of them--percent maze failures
by group--was merely intended to compensate for the fact
that testing was terminated after 25 trials if criterion
was not reached.

The other two--errors per trial and total isolated
errorless trials--were examined with the hope that they
might tap abilities other than those tapped by the two
principal measures of maze learning. It was reasoned
that if this were the case, the relative performance of
the nine subject groups would be different from that on

the principal measures of maze learning. This was not
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found to be the case-and thus it was concluded that these

measures tap the same abilities as the principal ones.

Conclusions and Recommendations for Further Research

The present findings are quite clear in indicating that
subjects with right hemisphere and bilateral cortical lesions
are highly impaired in maze learning. This finding is not
surprising and is consistent with the findings of very
numerous studies that suggest that ;ight hemisphere
(particularly the posterior region) is involved in
visual-spatial perceptual processes. These findings are
also highly consistent with previous studies of the
stylus-maze test. Left hemisphere damaged patients were
not found to be impaired in maze learning relative to
controls which is also consistent with previous research
on the test. |

The surprising finding in the present study involved
the polydrug abusing subjects, who were found to be as
impaired in maze learning as the sﬁbjects with right
hemisphere and bilateral cortical pathology. These sub-
jects were, however, noticeably impaired in several
general measures of mental functioning and thus focusing
attention too narrowly on defective maze learning may be
misleading. The learning disabled subjects were added
to the present study to help in the interpretation of the
stylus-maze performance of the polydrug subjects, but

clearly more adequate controls are required. What is called
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for is a study in which pre-drug use testing is available
for the polydrug éubjects. While this is difficult to
obtain, even access to previous group intelligence and
aptitude test scores routinely given in elementary and
junior high schools wéuld be very valuable in this regard.
It would also be very informative to see if subjects with
histories of multiple drug use who are not as impaired
generally as the present subjects will still be highly
impaired in maze learning.

The results of the factor analysis were interpreted as
supporting the view that a visual-spatial perceptual
impairment underlies defective maze learning regardless .
of the location or etiology of brain pathology. This is
a tenuous finding, however, and as was said, will have to
be replicated with different subjects and ideally different
neuropsychological test batteries before real confidence
can be placed in it.

Ideally, a collaborative study is called for in which
there are enough subjects in each condition (probably
around 100) so that separate factor analyses can be
run for each group and their factor structures compared
statistically.

Inasmuch as the presént study was retrospective and
exploratory, virtually all aspects of it demand more
controlled replication if the conclusions offered here
are to be held with confidence. Nevertheless, a few points

stand out beyond those already mentioned.
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Many éubjects who are presumed not: to have specific
cortical dysfunction (e.g., in the polydrug, alcoholic, and
schizophrenic groups) were highly impaired in maze
learning. It is probably very reasonable to assume that
the subjects are impaired in maze learning for reasons
very different from those of the cortically lesioned
subjects. The factor analytic procedure suggested above
would be valuable in this regard. However, there is
probably no substitute for the extensive study of in-
dividual cases in attempting to clarify this. In under-
taking this enterprise, the flexibility of the stylus-maze
procedure~-which was not exploited in the present study--
may be used to "test the limits" and more carefully
describe maze learning ability.

It was stated at the beginning of this report that a
primary aim of this study was to evaluate the usefulness
of the stylus-maze test as a component of.a comprehensive
neuropsychological test battery. The present study, how-
ever, only deals with a few aspects of this general
guestion. Further studies are needed specifically aimed at
assessing the incremental validity of the test, taking into
account the time and expense involved in administering it,
i.e., its cost effectiveness. As was stated earlier, it
is felt that among other things, the inherent flexibility

of the testing paradigm provide incentive for such an



undertaking. 1In addition, it is felt that the findings
reported here do suggest such an undertaking may prove

fruitful.
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APPENDIX A
SUBJECT -CHARACTERISTICS

Table A-1l. Age, etiology of brain injury, time between injury
and testing ("duration of injury"), location of brain injury,
Average Impairment Rating, and incidence of Maze 4 failure for
the right and left hemisphere lesioned subjects.

Right Hemisphere Lesioned Subjects

Etiology Duration " Location Average
of of of Impairment Maze 4

Age Injury Injury Injury Rating Failure
33 trauma 18 mo c - . 1.67
60 trauma 5 yr A,C 1.33
33 trauma 4 yr C 1.83
45 cva 17 yr A,C 2.25 yes
25 trauma 19 mo C 1.58
49 CVA 11 mo o] 2.50 yes
36 tumor 3 yr C 1.33
36 cva 4 yr A,C 1.93
50 tumor 11 yr aA,C 2.58 yes
46 (64771 3 mo A,C,P 2.58 yes
23 tumor 10 yxr A,C 2.00 yes
55 tumor 11 mo A 1.58
54 trauma 6 yr A 1.33
26 trauma 10 mo A,C 1.92
37 anurism unknown A,C 1.83
31 tumor unknown P 2.64 yes
33 trauma 6 mo C 1.00
30 trauma 10 mo Cc,pP 1.58
43 trauma 9 mo A,C,P 1.33
46 trauma 5 yr A,C,P 1.50
Left Hemisphere Lesioned Subjects
33 traum 3 yr A 1.25
17 trauma unknown C 1.75
26 trauma 4 yr a 1.50
46 cva 20 mo C 2.45 yes
45 Cva 2 yr A,C 2.58
19 trauma unknown A,C 2.08
36 PMW 1vyr a,C 1.83
39 CVA 3 yr A,C 2.08
27 AVM unknown C .75
64 Cva 11 yr A,C,P 4.00
66 cva 2 yr A,C 2.50

Note: CVA=cerebral-vascular accident, AVM=Artero-venous
malformation, PMW-penetrating missile wound.

"Location of Injury" refers to a judgment made on the
basis of neuropsychological testing.
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Table A-2. Age, etiology of brain injury, time between injury and
testing ("duration of injury"), location of brain injury, Average
Impairment Rating, and incidence of Maze 4 failure for the "Bi-
lateral" and "Anterior" subjects.

Bilaterally Lesioned Subjects

Type Duration Location Average
of of of Impairment Maze 4

Age Injury Injury Injury Rating Failure
37 cva 2 yr R-C,L~-C 2.81 yes
26 trauma 2 yr R-A,C,L-A,C 1.42
24 tumor 3 yr R-A,L-C 1.67 yes
40 trauma 3 yr R-C,L-C 2.50
22 trauma 13 mo R-A,L-C . 2.00
36 trauma 3 yr R-C,L-A,C 2.17
55 cva 4 yr R-A,L-A,C, 2.25 yes
37 PMW 15 yr R-A,L-A,C 1.83
44 trauma 19 mo R-2,C,P,L-A 2.50 yes
32 Cva 3 yr R-A,C,L-A,C 1.75 yes
16 CVA 4 yr 'R-A,C,L-A,C 1.50
65 CvAa 9 mo R-3,C,L-C 2.88
20 trauma 6 yr R-a,C,L-3,C .92
57 trauma 2 yr R-C,L-P 1.67
16 trauma unknown R-A,L-A 2.00 yes
28 trauma 18 mo R-C,L-A 2.17
47 trauma 13 mo R-3,C,L-A7,C 1.81
41 cva 9 mo _ R-A,C,L-A 2.00
36 AVM 5 yr R-37,C,L ' 2.33

Anterior Lesioned Subjects

23 trauma 18 mo 1.83
© 20 unknown unknown .75
34 trauma 4 yr .42
15 unknown unknown 1.33
30 PMW 1l yx 1.00
34 unknown unknown : 1.67
19 trauma 15 yr 1.08
18 unknown unknown 1.75 yes
26 trauma 1 yxr 1.33 yes
21 unknown unknown 1.58 yves

31 degen. unknown 1.58

Note: A=anterior, C=central, P=posterior, R=right, L=left.
"Location of Injury" refers to a judgment made on the
basis of neuropsychological testing.



Table A-3. Age, drugs reported used; duration of drug use,

Average Impairment Rating, and incidence of Maze 4 failure
for the "Polydrug" subjects.

Age
17
26
27
19
16
22

32
17
15
26
26
22
20
43
17
22
20
20
17
22
17
22

19
25

26
32

Note:

Drugs
Used

AMP,BAR,LSD,THC
ALC,CoC,LSD,THC
AMP,LSD,P-I,THC

ALC 'P_I 'THC
HER,P~I,THC

ALC,AMP,BAR,COC,LSD,

MES,THC

ALC,AMP,BAR,HER,THC

ALC,AMP,BAR
ALC,BAR,THC

ALC,COC,HER,LSD, THC
ALC,AMP,BAR,LSD,THC
ALC,LSD,P-I,THC

ALC,P-I,THC

ALC,BAR,HER,PCP
ALC,AMP,COC,P-I,THC
ALC,AMP,BAR, THC

ALC,AMP,THC

ALC,AMP,BAR,COC,THC
ALC,AMP,BAR,HER,THC

ALC,BAR,THC

ALC,AMP,BAR,PCP,THC
ALC,AMP,BAR,COC,LSD,

PCP,THC
ALC,BAR,THC

ALC,AMP,BAR,COC,LSD,

MES,THC

AMP,BAR,COC, THC
ALC,AMP,BAR,THC

Years of
Drug
Use

5
5
16

unknown
unknown
unknown
15

5

7
unknown
unknown
S
10
unknown
8 )

2
8

14
22

Average
Impairment
Rating
1.58
1.53
2.00
1.42
1.33
2.08

ALC=alcohol, AMP=amphetamines, BAR=barbituates,
COC=cocaine, HER=herione, MES=mescaline, P-I=
paint inhaling, THC=mariijuana.
by commonly recognized names.

Others are listed

Maze 4

Failure

yes

yes

yes

yes

yes

yes
yes

yes
yes

yes

yes
yes



Table A-4.

group.
Duration of
chronic

Age drinking
57 12 yrs.

31 10 yrs.

52 20 yrs.

46 15 yrs.

42 20 yrs.

45 10 yrs.

67 40 yrs.

32 unknown

28 18 yrs.

30 3 yrs.

37 unknown

41 7 yrs.

35 unknown

34 25 yrs.

47 10 yrs.

51 23 yrs.

36 10 yzrs.

42 20 yrs.

37 15 yrs.

39 unknown
Note: The term "unknown"

924

Age, reported years of chronic alcohol use, reported
length of time without alcohol, Average Impairment Rating and
incidence of Maze 4 failure for the "Chronic Alcohol Abuser"

Time
without

alcohol

3 mos.
5 mos.
unknown
5 weeks
7 weeks
not dry
not dry
unknown
not dry
6 weeks
unknown
2 mos.
unknown
yrs.
mos.
mos.
vIs.
moS.
not dry
not dry

BN g U

- Average
Impairment

Rating

.92
.83
3.25
2.17
.92
2.17
1.42

- 1.00

1.08
.67
1.08
1.00
.92
.58
.92
2.17
1.33
2.00
2.00
1.00

Maze 4

Failure

yes

yes
yes

in the second column can be considered

as indicating indefinite but long-term chronic alcohol use.
In the third column, the term "unknown" indicates that it is
not known if the person is dry or not.

"Duration of Chronic Drinking" is based primarily on

subjects' self-report. "Time without Alcohol"

upon self-report and institutional records.

is based
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Table A~5. Age, DSM II diagnosis, medication status, Average
Impairment Rating, and incidence of Maze 4 failure for the
schizophrenic subjects.

Average
DSM II Medication Impairment Maze 4

Age Dx Status Rating Failure
17 295.0 THO,COG 2.83

20 295.90 THO 1.33

21 295.4 LOX,TOF 1.08

26 295.6 MEL , THO 1.33

26 . 295.3 NAV 1.33

27 295.3 Unknown .50

31 295.3 THO 1.75

26 295.99 VAL 1.42

39 295.90 BEN, THO 2.25

20 295.00 ' DAL,PRO,THO 1.25

27 295.3 PRO 1.50 yes
56 295.7 None - .83

19 295.3 NAV 1.33

26 295.90 COG 1.00

21 295.3 None .58

18 295.99 Unknown .92

18 295.1 BEN, THO .83

28 295.90 COG,PRO, THO 1.58

16 295.4 Unknown 1.92

43 295.90 COG,HAL 3.17 yes

Note: 295.0=Schizophrenia, simple type; 295.l=Schizophrenia,
hebephrenic type; 295.3-Schizophrenia, paranoid type; 295.6=
Schizophrenia, residual type; 295.7=Schizophrenia, schizo-
affective type; 295.4=Acute schizophrenic episode; 295.90-
Schizophrenia, chronic undifferentiated type; 295.99=
Schizophrenia, other types.

Only neuroleptic and antianxiety agents are listed.
BEN=Benadryl, COG=Cogentin, DAL=Dalmane, HAL=Haldol, LOX=
Loxitane, MEL=Mellaril, NAV=Navane, PRO=Prolixin, THO=Throazine,
VAL=Valium.



Note:
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Age, nature of learning disability, Average

Impairment Rating, and incidence of Maze 4
failure for the "Learning Disabled" subjects

Table A-6.
Age Learning Disability
15 school failure
17 school failure
15 school failure, violent
16 reading disability
16 Cert. LD
18 dyslexia
16 dyslexia, can't spell
17 reading disability
18 school failure
17 . school failure
15 Cert. LD
18 Cert. LD
16 Cert. LD
20 reading disability
15 Cert. LD
15 school failure
16 dyslexia
16 Cert. LD
17 math failure
16 math failure
15 school failure
19 Cert. LD
24 reading disability
30 dyslexia
33 dyslexia
16 school failure
16 school failure
16 school failure
16 school failurxe
15 school failure, violent
16 hyperkinesis
i6 school failure, violent
21 Cert. LD

Average
Impairment

Rating

.92
1.16
1.17
1.33

.83

.58
1.50
2.25
1.08

.83
1.08
1.08
1.92
1.50
1.58
1.00
1.75
3.00
1.08
1.92

.92
1.67

.92
1.33
1.42

.92
1.50

.42
.83

.92
1.75
1.00
1.58

Maze 4

Failure

yes

yes

The term "school failure" indicates that no definitive

reason for school failure has been found.

The term "Cert.

LD" indicates that the child has been certified learning

disabled by the Hawaii State Department of Education.
"Dyslexia" indicates a diagnosis of dyslexia has been

assigned, otherwise, the term “"reading disability"” is used

when a reading impairment is noted.
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Table A-7. Ethnic group and occupational breakdown for each of
the nine subject groups.

Ethnic Group

Right Left Bilat Ant Poly Alc sSchiz L-D Control

Caucasian
Part Hawaiian
Pure Hawaiian
Japanese
Chinese
Filipino
Samoan

Negxo

Puerto Rican
Korean

Other

1 10 1

20

OO0 O0OO0OOMOKFO,
OOHKFHNMDNMHEDNWO®
QOOOOHHHHMW
COFHHONOMOO®
PFPOOHORFROHFHOWW
OHrHOOKRMOOMMNUBW
OCOFHOKHOOOI

COOFHOOMNMDNMDE &P

Occupation
Right Left Bilat Ant Poly Alc Schiz L-D Control

Professional-
Executive 4 0 2 1 0 3 0 0 0
Business:
Owner- 1 0 2 0 0 1 0 1 1
Managerial
Administrative 5 2 0 0 1l 3 0 1 2
Clerical-Sales 2 2 3 0 1 1 2 2 3
Machine

Operator 2 -1 3 1 4 2 1l 0 0
Skilled Manual 2 2 4 2 4 5 3 1l 4
Housewife 1 1 1 0 0 0 (0] 0 1
Student 1 2 1 3 3 4 3 24 4
Unskilled 2 1 1 3 10 1 7 4 4

Never worked 0 0 2 1 3 0 5 0 0



APPENDIX B.

INTERCORRELATIONS AMONG THE SIX PRINCIPAIL MEASURES OF MAZE LEARNING;

i.e., trials to criterion on Maze 2, Maze 3, and Maze 4; and total erxors,

Maze 2, Maze 3, and Maze 4.

Trials to Criterion Total Errors
Maze 2 Maze 3 Maze 4 Maze 2 Maze 3 Maze 4

Maze 1.00 .50 .53
Trials to
Criterion Maze .50 1.00 .57

Maze .53 .57 1.00

Maze .86 .50 .46 1.00 .75 .57
Total Maze .65 .86 .59 .75 1.00 .68
Errors —_—

Maze .61 .59 .89 .57 .68 1.00




APPENDIX C

FACTOR INTERCORRELATIONS

I iI 11T v v VI VIiI VIII IX
I 1.00 -.28 -.53 .46 .21 -.41 .12 -.15 -.05
iI 1.00 .02 -.42 .13 -.04 .12 -.28 -.02
11T 1.00 -.33 -.17 .46 -.14 -.12 -.22
Iv 1.00 -.03 ~-.19 -.09 -.19 .01
v 1.00 -.21 .16 -.01 .11
VI 1.00 .01 -.09 -.09
VIiI 1.00 .21 .08
VIII 1.00 .32
IX 1.00
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