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ABSTRACT

This thesis examines the motor and cognitive difficulties that result when the cerebellum is
compromised through neurodevelopmental or acquired damage. There is much
disagreement over the role that the cerebellum might play in a range of motor, cognitive
and socioemotional functions. To address this issue, tests of motor and cognitive function
were carried out on two patient populations, one with focal acquired cerebellar excisions
(Posterior Fossa Tumours - PFT) and one with relatively subtle neurodevelopmental
cerebellar abnormalities (Asperger’s Syndrome - AS). The results showed that patients
with PFT performed more poorly than controls on almost all tests of motor function, and
had particular difficulty with cognitive tests of executive function and reading
comprehension. Individuals with AS performed more poorly than controls on a number of
tests of motor function, and had difficulties with verbal and spatial working memory, some

aspects of attention and with face matching.

MR imaging techniques (conventional clinical imaging and voxel-based morphometry)
were used to identify the location and extent of pathology in the patients with PFT and to
investigate subtle changes in the density of grey and white matter for both patient groups.
Patients with PFT showed a decrease in grey matter near the fourth ventricle. In addition,
patients with midline damage showed a decrease in grey matter in the cerebellum; and
patients with right hemisphere damage showed a decrease in grey matter in the cerebellum,
thalamus, hypothalamus and globus pallidus and a decrease in white matter in frontal,
parietal and occipital regions. The patients with AS showed an increase in grey matter in
the cerebellum, superior and middle temporal gyri, temporal pole, occipital lobe and in
regions close to the amygdala and hippocampus. Finally, the results of diffusion tensor
imaging methods showed no abnormalities in the integrity of white matter tracts in either of

the patient groups.
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CHAPTER 1: INTRODUCTION

CHAPTER 1: INTRODUCTION

This thesis reports on the motor and cognitive difficulties, and the changes that occur in the
brain when the cerebellum is compromised through neurodevelopmental or acquired
pathology. The cerebellum has long been known to play an integral role in motor function,
but there has recently been increased interest in the additional roles that the cerebellum may
play in cognitive function. By investigating syndromes that are associated with cerebellar
abnormality, it should be possible to examine both the functions of the cerebellum as well

as the more general effects of pathology in the cerebellum on other regions of the brain.

Two patient groups are studied in this thesis. One group has undergone surgery to remove
posterior fossa tumours (PFT) located in the cerebellum, and the other group has
Asperger’s Syndrome (AS), a form of high-functioning autism. In both patient groups
there is evidence of cerebellar damage. However, there are a number of important
differences between the groups: the patients with PFT have acquired pathology whereas
the patients with AS have neurodevelopmental pathology; the patients with PFT have
obvious cerebellar abnormalities whereas the patients with AS appear to have more subtle
cerebellar abnormalities; and the patients with PFT have pathology that is apparently
limited to the cerebellum, whereas in the patients with AS, evidence suggests that the
abnormalities in the cerebellum are only part of a more widespread pattern of brain
abnormalities. Because there are so many differences between the two patients groups,
they are not directly compared with one another, instead, each group is considered
separately in relation to its own normal controls. By investigating motor and cognitive
function in these patient groups with different types of cerebellar abnormality, it should be
possible to uncover some of the functions for which an intact cerebellum is necessary.
Neuropsychological investigations and magnetic resonance imaging (MRI) methods are
employed in order to gain an understanding of the level of cognitive and motor function in
these two patient populations as well as the precise nature and extent of cerebellar and

wider brain abnormalities.

This introductory chapter provides an overview of the concepts that underlie the studies

carried out in this thesis. The chapter begins with a description of the processes that occur
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during normal and abnormal brain development. The structure and anatomical connections
of the cerebellum are then detailed, followed by consideration of previous work that has
been carried out on the functions of the cerebellum, with particular focus on functional
imaging studies and studies of patients with cerebellar damage. Having identified some of
the limitations of previous work, the aims and hypotheses of the current study are explained

and the methods outlined.

1.1 How the brain develops

The brain is a complex web of highly organized interconnected neural systems spread
across a number of different structures and regions. While there is much individual
variation in brain organization, there are powerful constraints on the outcomes of
development that cause at least some sensory functions (such as vision, audition and

olfaction) to always be localized in the same brain regions (Elman et al. 1996).

The roots of the complex organization of the brain are laid down long before birth, so that
when infants first encounter the external environment, they already have substrates in place
that enable them to carry out basic motor actions, to adapt to their internal physiological
requirements appropriately and to selectively orient to environmental stimuli. Studies have
shown that newborn babies are actually able to recognize their mother as a person and to
imitate facial expressions de§pite having no previous experience of vision (Meltzoff and
Moore, 1977; Bushnell, Sai and Mullin, 1989). This indicates that there may be a neural
substrate in place that enables the newborn to identify with and relate to other human
beings. Such initial predispositions are on the whole extremely basic and lacking in
complexity, which is not surprising given that they exist in the absence of any experience of
the external world and thus without any actual experience of learning (Trevarthen et al.
1998). Furthermore, the brain areas now known to be particularly involved in higher-order
cognitive and sensorimotor functions (for example the préfrontal cortex) carry out much of
their development ex-utero. This means that these regions are only partly formed at birth
(Rakic, 1991) and so are not sufficiently developed to be able to function effectively at this

point.
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1.1.2 Historical perspective on the development of mind and brain
In this section, four prominent theories of changes that occur in the mind and the brain
during leaming and development are briefly outlined in order to provide a theoretical

framework for the studies carried out in this thesis.

A) Piaget’s theory (Jean Piaget, 1896-1980)

Piaget’s work focused on normal patterns of development of the human mind. He
concentrated on cognitive development in particular, and proposed that there are a number
of distinct stages of intellectual growth through which all children pass:

(i) Sensorimotor stage (birth to 18 months): During the first stage, the basic
reflexes present at birth become coherent behavioural patterns (referred to as
schemas). This stage ends when the concept of object permanence is grasped.

(ii)  Preoperational stage (18 months to seven years): This stage involves some
early symbolic representational thought, but the child mainly concentrates on
physical features of the environment.

(iii) Concrete operations (seven to eleven years): In this stage, thought tends to be
egocentric and the child relies on concrete reasoning.

(iv) Formal operations (eleven years plus): This is the last of Piaget’s four stages
and is characterized by the emergence of logical reasoning and an adult pattern
of thought.

Piaget believed that children are only able to attain these stages of cognitive function by
taking an active part in their own development, absorbing external factors and events into
their developing schema, and adapting their own behaviour to fit in with the external
environment. There is some support for the existence of these stages (e.g. Dasen, 1978;
Azzone, 2003). However, in order to understand where the developing brain may fit into

this unfolding of the human mind, it is necessary to consider the work of Luria.

B) Luria’s theory (Alexander Romanovich Luria, 1902-1977)
Luria was the first to relate the brain and cognition during development. He proposed that
there are three units of functional brain systems that show a stage-like development over

childhood, essentially mirroring Piaget’s stages of intellectual development.
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@) The “arousal unit”: The arousal unit develops soon after birth, is subserved by
the reticular formation and modulates the level of cortical arousal.

(i) The “sensory-input unit”: During the next few months, the “sensory-input
unit” develops. This unit acquires, processes and stores incoming sensory
information in the lateral cortex of the temporal, parietal and occipital lobes.

(iii) The “organizaﬁ(;n and planning unit”: From the age of four, the
“organization and planning unit” starts to appear. This unit continues to develop
right up to adolescence, is subserved by the frontal lobe, and is argued to be
involved in more complex behaviours such as programming, checking and
controlling behaviours.

Luria proposed that in the adult brain, once these units had all become active, they then
worked together in a cooperative manner in order to facilitate high-level cognitive and

sensorimotor behaviours.

Luria’s theory has provided a useful framework of a hierarchical development of brain
function where initial localization of function in the brain during childhood turns into wide-
spread activity throughout the whole brain in adults in order to support the most complex
levels of thought and action. However, a limitation of Luria’s theory is that it does not
detail how the brain actually carries out these various activities. In order to understand the
dynamic processes that occur during the development of the brain and thought, it is

necessary to consider the work of Hebb.

(8)] Hebb’s theory (Donald Olding Hebb, 1904-1985)
Hebb’s theory provides a neural account of the internal physiological processes that are
involved in learning and development. He believed that learning involves repeated
synaptic transfer of information between neurons which results in a permanent facilitation
of .information transfer along a particular pathway. Hebb argued that interconnected
neurons are arranged into large functional groups that he called cell assemblies:
) Cell assemblies: Cell assemblies are groups of synchronously firing cells that
form reverberating circuits. Hebb argued that repetitive and synchronous firing
of these cell assemblies can result in structural changes in the brain as the

facilitation of information transfer mentioned above requires growth changes in
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the pre- and/or post-synaptic cells in order that information transfer can become
more automatic. It is important to note that cells involved in cell assemblies are
not necessarily situated in the same area of the brain, but can be distributed over
multiple cortical regions and even over multiple different brain structures.

(i) Phase sequences: When there is simultaneous activity in multiple cell
assemblies, this is called a phasé sequence. Hebb considered phase sequénces
to be the thought process, and argued that associated cell assemblies form after
repeated sensory events and that the nature of the thought depends on which
particular cell assemblies are involved.

Hebb’s theory provides a physiologically-based explanation of the neural mechanisms
involved in normal learning, but it does not discuss abnormal development. The final
theory to be considered here is that of Lashley, which provides an account of changes that

may occur in the brain when development has to occur in the face of pathology.

D) Lashley’s theory (Karl Spencer Lashley, 1890-1958)

Lashley was one of the first investigators to search for the specific location of mental
faculties within the brain, which he referred to as the engram. He carried out lesions
studies on rats where he removed between 10 and 50% of the cerebral cortex and then
assessed learning ability using mazes. The results of these investigations led to two
important concepts:

@) Mass action: Lashley found that rats showed a gradual loss in the ability to
learn as more and more of the cortex was removed. This led him to argue that
the amount of brain removed is critical to the level of learning that can be
carried out.

(ii)  Equipotentiality: Lashley found that no area of the cortex was more important
than another area and therefore argued that all areas of the cortex play an equal

role in learning and are equipotential.

Summary of historical theories of the development of brain and mind
These theories of development are included in order to provide a theoretical framework for
the investigations that will be carried out in this thesis. The work of Piaget, Luria and Hebb

provide accounts of how normal development and learning occur. Piaget carried out
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behavioural observations that led him to argue that the development of cognition is
anchored in sensorimotor changes and that all children go through a number of stages of
intellectual development. Luria proposed functional brain systems that show a similar
stage-like pattern of development, and Hebb provided a physiological explanation for the
neural networks that become established during learning and development, both in
individual cells, and in groups of functionally related cell assemblies. For abnormal
development, Lashley posited the concepts of mass action and equipotentiality which
maintain that there is an association between the amount of pathology and behavioural

dysfunction, and that all cortical areas are equally able to carry out learning.

On the basis of these theories, as well as some more recent research, an outline of the
processes likely to be involved in both normal and abnormal development will now be
provided in order to explain the nature of the developmental abnormalities that are likely to

be present in individuals who have suffered from brain damage during development.

1.1.3 Normal Development

In normal development, an explosion of novel experience and associated learning
commences as soon as an infant is born. Development begins in a relatively linear fashion
with basic functions (such as attention and memory) developing in parallel. Once these
basic abilities are in place, development starts to take a more modular pathway, whereby
complex functions (including language and visual perception) begin to develop (Vargha-
Khadem et al. 1994). This modular development relies on the integration of a number of
basic functions (Elman et al. 1996) and can therefore not commence until these basic
functions are in place (in line with Hebb, more complex functions require the activation of
increased numbers of cell assemblies, and development of these functions cannot progress
until ‘all. bf the cell assemblies for the basic functions have been formed). Taking language
as an example, this higher-level ability depends on fine motor control of the muscles of the
mouth, on good auditory discrimination abilities so that children can hear differences
between sounds that they have to imitate, on attention and on memory, so that they can
build up a vocabulary and an understanding of grammatical rules. In healthy children, the
most complex modular function (executive function) is not fully developed until after the

hormonal changes during adolescence (about age 15-17). Although these executive
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abilities start to develop at around age 11-12, when children acquire deductive reasoning
and lateral thinking (the beginning of Piaget’s stage of formal operations), these abilities
are not complete until at least four or five years later when children possess the

organizational skills needed to bring different functions together.

1.14 Abnormal development: When somet'hi'ng‘go'es wrong

Having outlined how normal development progresses, it is important to consider what
happens when something goes wrong. The development of interconnected networks of
neuronal pathways in the brain implies that different brain structures become recruited for
multiple networks or pathways, and pathology in one area will therefore have an impact on
other brain structures and systems as well. In the presence of brain pathology of
developmental origin, two competitive processes are thought to occur: modularization

versus compensation:

(i) Modularisation: This process is the normal drive to gradually establish specialized,
and non-redundant cognitive functions from a variety of lower level skills that
gradually develop from birth. If brain pathology occurs early in life, then this is likely
to impact not only on the lower level skills supported by the damaged region, but also
on the functions of other brain areas with which the damaged region interacts. In line
with Hebb’s theory, the more complex modular functions depend on the synchronous
firing of cells in multiple cell assemblies, and if any of the cell assemblies involved
are not fully developed or are abnormally developed, then the phase sequence will not

be able to function normally.

(i) Compensation: Brain pathology always incurs a cost and a compromise of function.
At the same time, however, early brain pathology unleashes powerful mechanisms of
compensation that aim to rescue functions and promote recovery and/or
reorganization of compromised abilities. Compensation can occur via recovery, or
via reorganization of function, or a mixture of both, depending on the site and extent
of brain damage. Compensation via recovery of function is thought to occur when
brain damage is less extensive, and when there is recoverable tissue (i.e. the

penumbra) beyond the primary site of pathology capable of subserving lost or
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compromised functions. An example of such recovery is seen in cases of early stroke
where despite an initial interference with speech and language functions during the
acute stage, these functions recover and continue to develop within the limits imposed
by intellectual capacity (Vargha-Khadem et al, 2000). Compensation via
reorganization of function, on the other hand, is though to occur when there is
extensive damage such that brain tissue distant from the pﬁmafy site of pathology
needs to be recruited to subserve the skills and functions that have been lost. An
example of compensation via reorganization of function comes from cases of
hemispherectomized patients in whom basic speech and language functions have been
rescued despite the removal of the left hemisphere (Vargha-Khadem and Mishkin,
1997; Vargha-Khadem et al., 1997). The concept of compensatory mechanisms via
reorganization is in line with Lashley’s theory of equipotentiality, which maintains
that different brain regions are equally able to subserve skills and abilities, and it
therefore follows that after pathology, different regions of the brain should be able to
take over the functions of the damaged area.

The consequences of pathology of the brain that occurs early in life before the basic skills,
abilities, and functions have developed fully are likely to differ from those seen after
damage sustained later in life, after the cognitive modules and their functions have
developed normally (Vargha-Khadem et al. 1994). Once modularization has occurred and
specialized functions have developed, the areas subserving these functions are no longer as
dependent on other brain regions supporting the basic functions on which these specialized
abilities were built. This means that late pathology of the brain tends to result in more
selective deficits than early pathology. When pathology of the brain occurs after cognitive
systems have developed, then the resultant impairments will be determined by the extent
and site of pathology. In contrast, when pathology of the brain occurs before cognitive
systems have developed, then the resultant impairments will be widespread, affecting both
basic functions and the more specialized abilities which develop through modularization

and depend on the interplay of a number of different brain structures.
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1.2  Introduction to the cerebellum

The cerebellum (literally “small brain”) is a delicately convoluted, intricately organized
part of the brain that has a uniform structure throughout its entirety. However, despite there
being a comprehensive understanding of cerebellar anatomy and of its projections to other
parts of the brain, the actual functions of the cerebellum are still a relative mystery. The
fact that the cerebellum has strong connections with the motor cortex suggests that it is
involved in the coordination and planning of motor actions. The cerebellum has been
particularly implicated in skilled, learned movements that become more accurate and
automatic with practice, which is in line with clinical observations that, after cerebellar
injury, there are often permanent difficulties with skilled movements such as piano playing,

despite compensatory mechanisms that enable many other motor functions to be carried out.

It is important to note that the connections between the cerebellum and the cerebral cortex
are almost entirely crossed. The right cerebellar hemisphere is connected to the left motor
cortex and the left cerebellar hemisphere is connected to the right motor cortex. This
means that whereas the cerebral cortex controls movement of the contralateral side of the
body, the fact that there are crossed connections between the cerebellum and the cerebral
cortex means that the cerebellum has an influence on motor function of the ipsilateral side
of the body. Thus, cerebellar symptoms on the right side of the body are likely to be due to
damage to the right side of the cerebellum, and cerebellar symptoms on the left side of the
body are likely to be due to damage to the left side of the cerebellum. The crossed

cerebellar-cortical connections are considered further in Section 1.3.1.2 below.

In addition to being involved in motor function, the cerebellum has been implicated in a
variety of cognitive and emotional behaviours as well (e.g. Leiner et al. 1993; Schmahmann
and Sherman, 1998). The various postulated functions of the cerebellum are considered
through both functional imaging studies and studies of patients with different types of
cerebellar damage in Section 1.4 below. However before this, in the following section, the

anatomy of the cerebellum and its connections to other areas of the brain will be described.
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13  Anatomy of the cerebellum

The cerebellum is situated in the hindbrain, overlying the pons and medulla and is
separated from the overlying cerebral cortex by the tentorium cerebelli, an extension of the
Figure 1.1: The human brain (Fig. 720 from Gray’s Anatomy of the Human Body dura mater. ~ Figure
1918) 1.1 shows the position

e | iy puam b of the cerebellum

Tt dar i ) Corpors posdrigesing

within the brain.

The cerebellum is
connected to the brain
stem and the rest of
the nervous system by
three clusters of nerve
fibres (see Figure 1.2
below) which carry
information to and

Foureh ventriois from the brain stem:

(1) The inferior cerebellar peduncle (the restiform body): The inferior cerebellar
peduncle contains fibers from the spinal cord, the inferior olive and the vestibular nuclei,
and also outgoing projections from the cerebellum back to the vestibular nuclei. These

fibres principally carry proprioceptive information

Figure 1.2: Position of the cerebellar peduncles
(Fig. 705 from Gray’s Anatomy of the Human
Body 1918)

about widespread areas throughout the body.
(1) The middle cerebellar peduncle (the

Y

brachium pontis): The middle cerebellar peduncle
contains fibers from the contralateral and ipsilateral
pontine nuclei (Rosina and Provini, 1984), which
carry information from diffuse cortical regions
including the motor cortex.

(1) The superior cerebellar peduncle (the

brachium conjunctivum): The superior cerebellar

peduncle principally contains fibers carrying information away from the cerebellum. These
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projections pass to the red nucleus and some go on to the thalamus and spinal cord. In

addition, there are some incoming fibers in the superior cerebellar peduncle which come

from the spinal cord via the spinocerebellar tract and carry proprioceptive information

about the body.

A detailed diagram of the position of the cerebellum is shown in Figure 1.3.

Figure 1.3: Position of the cerebellum (Fig. 708 from Gray’s

Anatomy of the Human Body 1918)
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The
cerebellum is very similar to that of
the brain as a whole: it has a folded
outer layer (cortex) composed of
neurons and supporting cells (grey
matter) and an internal core of
white matter, and it is made up of
two distinct hemispheres. Between
the two cerebellar hemispheres lies

the vermis (Latin for worm) which

is the midline structure of the cerebellum. The hemispheres and vermis are separated from

one another by the shallow paramedian sulci. The cerebellum has most frequently been

subdivided in one of two ways, either into anterior and posterior portions or into medial and

lateral portions.

The division of the cerebellum into anterior and posterior lobes results from observations of

the prominent primary fissure that
splits the cerebellum into two
distinct halves (see Figure 1.4).
This division is, however, not
based on functional differences and
for this
descriptive purposes only.
medial/lateral

it serves for
The

reason

distinctions  in
contrast, are functional distinctions,

and stem from Jansen and Brodal’s

Figure 1.4: The anterior and posterior lobes of the cerebellum

and the primary fissure which

tes them

(adapted from the website http://137222.110.150/calnet/Cereb
/image/cerebellum-sagittal%20sec.jpg)
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study (1940) of the cerebellar cortico-nuclear projection. On the basis of functional
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variation, the cerebellum can be divided into three longitudinal zones: the lateral zone, the

intermediate zone and the vermis (Kuhlenbeck, 1975; Carpenter, 1976) (see Figure 1.5).

Figure 1.5: The cerebellum (adapted from Mackenna and Callander, 1990 and Kandel et al., 2000)
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élll:’l;oolsiiorm and Z‘::g:)c;:;l:l:;:"d" (or vestibulocerebellum)

Nuclei

Figure 1.5 also shows that within the white matter of the cerebellar hemispheres lie the
major output structures of the cerebellum, four pairs of cerebellar nuclei: the fastigial nuclei,
the interposed nuclei (emboliform and globose) and the dentate (or lateral) nuclei. These

nuclei and their projections are considered in some detail in Section 1.3.1.

One further important division of the cerebellum is into ten parallel lobules on the basis of
the principal fissures present in the cerebellar cortex. There has been much disagreement in
the past over which fissures are the most important and thus over exactly where the
distinctions between the different lobules should lie. The divisions most widely used today
and those that will be used in this thesis (shown in Figure 1.6) are based on the work of

Larsell (1947), Jansen and Brodal (1958) and Angevine et al. (1961).
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Figure 1.6: Flattened map of the cerebellar cortex showing the lobules and fissures (from Manni and Petrosini, 2004)
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In order to gain an understanding of the organization of these fissures in the cerebellum,
Figure 1.7 below shows the position of the preculminate, intraculminate, primary, superior
posterior and horizontal fissures in a postmortem cerebellum viewed from a posterior
position.

Figure 1.7: Position of cerebellar fissures in posterior view of postmortem cerebellum (adapted from the
http://www.vh.org/adult/provider/anatomy/BrainAnatomy/Ch3Text/Section01.html website)
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Having considered the gross anatomy of the cerebellum, attention will now focus on the
structures within the cerebellum and the way in which these are connected to and interact

with one another and the rest of the brain.
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1.3.1 Cerebellar circuitry

1.3.1.1 Circuitry within the cerebellum

Incoming information to the cerebellum is received by the cerebellar cortex and then passed
down to the cerebellar nuclei, which are responsible for the output from the cerebellum.
Circuitry within the cerebellum is thus primarily in the form of downward projections from

the cortex to the nuclei.

(i) The cerebellar cortex

The cerebellar cortex is folded into numerous tightly packed, almost parallel, fissures of
varying depths. In contrast to the cerebral cortex, there is very little regional variation in
the microscopic form or structure of the cerebellar cortex (Voogd and Glickstein, 1998).
Throughout its entirety, it can be divided into three individual layers: the molecular layer,
the Purkinje cell layer and the Golgi granular cell layer. Each of these layers contains
varying numbers of five different types of neurons: the inhibitory stellate, basket, Purkinje
and Golgi neurons, and the excitatory granule cells (see Figure 1.8).

webeis M by e G g, | T wolecRir YRS HhS 5 e
outermost layer of the cerebellar cortex
and is made up of the cell bodies of
basket and stellate cells, as well as
granule cell axons and dendrites of
Purkinje neurons.

The Purkinje cell layer: This layer lies
directly below the molecular layer and is
made up of Purkinje cell bodies.

Purkinje cells convey all the output of

the cerebellar cortex, sending their axons
deep into the white matter where they project to the cerebellar nuclei. This inhibitory
cerebellar cortical output is mediated by y-aminobutyric acid (GABA).

The granular layer: This layer lies beneath the Purkinje cell layer and forms the innermost
layer of the cerebellar cortex. It is made up of an extensive number of granule cells, a

much smaller number of Golgi cells, as well as the terminals of mossy fibres.
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The Golgi, basket and external stellate cells form complex connections within the

cerebellar cortex; they are intemeurons and are not primarily involved in the transfer of

Figure 1.9: Stained section of the cerebellar cortex (from information into or out of the
the website http://www.deltagen.com/target/histologyatlas/
atlas_files/nervous/cerebellar_cortex 10x.htm) cerebellum.

Figure 1.9 shows a stained section of
the cerebellar cortex illustrating the
positions of the molecular layer, the
granule cell layer, the Purkinje cell
layer and the white matter.

(ii)  The cerebellar nuclei

The different cerebellar nuclei were first distinguished by Stilling in 1864. These nuclei are
located deep within the white matter of the cerebellum and are responsible for all of the
output of the cerebellum. An overview of the cerebellar nuclei is provided here. Detailed
descriptions of the projections of these structures can be found in Section 1.3.1.2, later in

this chapter.

a) The fastigial nuclei:
The fastigial nuclei are situated in the vermis. The vermis runs along the midline of the
cerebellum and receives inputs from the spinal cord via the spinocerebellar tract; input from
the vestibular system via the vestibulocerebellar tract; and visual and auditory information
from the tectum by way of the pons. Outgoing signals originate in the Purkinje neurons in
the vermis, which send projections to the fastigial nuclei. Fastigial nuclei project to the
brain stem reticular formation (which then project to the spinal cord via the reticulospinal
tract), and to the lateral vestibular nuclei (which project to the spinal cord via the
vestibulospinal tract). The fastigial nuclei also send axons that cross to the contralateral

side and project to the primary motor cortex via the ventrolateral nucleus of the thalamus.
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b) The interposed nuclei:
The interposed nuclei include both the emboliform and the globose nuclei. They are
situated in the intermediate zone of the cerebellar hemispheres that is adjacent to the vermis.
The intermediate zone receives inputs from the spinal cord via the spinocerebellar tract.
Outgoing projections pass to the red nucleus, which then projects to the spinal cord
(rubrospinal tract); and via the ventrolateral nucleus of the thalamus, to the primary motor
cortex, which also projects to the spinal cord (lateral corticospinal tract). Collectively, the

corticospinal and rubrospinal tracts are called the lateral descending systems.

¢) The dentate nuclei:
The dentate nuclei can be further divided into two parts: the microgyric dentate
(dorsomedial and rostral region) and the macrogyric dentate (ventrolateral and caudal
region) (Gans, 1924). This division is based on the shape of the convolutions of the
nucleus (wider in the ventrolateral and caudal dentate), the size of the cells (generally
smaller in the ventrolateral and caudal dentate) and their projections to the thalamus. The
dentate nuclei are situated in the lateral zone (cerebrocerebellum) of the cerebellar
hemispheres. The lateral zone receives inputs from the cerebral cortex via the
corticopontocerebellar tract that passes through the middle cerebellar peduncle. Outgoing
projections go to the premotor, motor and prefrontal cortical areas via the ventrolateral

nucleus of the thalamus.

Figure 1.10 shows the position of the cerebellar nuclei in a transverse section at the level of
the junction between the pons and medulla.

In addition to these cerebellar nuclei, there is

Figure 1.10: The position of the cerebellar Nuclei
(from the website http://137.222.110.150/
calnet/Cereb/page2 .htm)

one further area of the cerebellum that sends
outgoing projections. This is a small portion
of the cerebellar cortex called the
flocculonodular lobe (or vestibulocerebellum)
situated at the base of the cerebellum. The
flocculonodular lobe is closely connected to
the vestibular system from where it receives

projections and to which is sends outputs.
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(iii) Cerebellar cortico-nuclear projections

Communication between the cerebellar cortex and the nuclei depends upon the Purkinje

cells as these provide the only output of the cerebellar cortex.

Purkinje cells are neatly arranged into a series of parallel zones according to the particular

cerebellar or vestibular nucleus to which they project. Altogether, eight parallel zones have

been identified (A, X, B, C1, C2, C3,
D1, D2) and these tend to be
continuous across lobules (see Figure
1.11).

a) Vermal zones:

The anterior vermis is split into three
parallel zones, A, X and B. Zone A
projects to the rostral fastigial nucleus,
zone X projects to the interstitial cell
groups and Zone B projects to Deiters’
nucleus (the lateral vestibular nucleus).
Zones X and B are not present beyond

the lobulus simplex.

b) Intermediate zones:

The intermediate region is split into
three parallel zones, C1, C2 and C3.
C1 and C3 (which are present in the
lobulus simplex, the ansiform lobule
and the paramedian lobule but not the
paraflocculus), project to the

Figure 1.11: Diagram showing the eight parallel zones in
the cerebellum
(taken from Voogd 2003)

D;D; C3C,C,B X A

emboliform nucleus (also known as the anterior interpositus nucleus). C2 (which is present

throughout the cerebellum) projects to the globose nucleus (also known as the posterior

interpositus nucleus).
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c) Lateral zones:
The remaining hemisphere makes up the lateral region, which is divided into zones D1 and
D2. D1 projects to the caudolateral and rostromedial dentate nucleus whereas D2 projects

only to the rostromedial dentate nucleus.

In addition to these parallel pathways, there is also an inhibitory GABA-mediated nucleo-
olivary projection connecting the cerebellar nuclei with the contralateral inferior olive, the
subnuclei of which give rise to their respective climbing fibres (Kalil, 1979; Mugnaini and
Oertel, 1985; Gibson et al., 1987; Ruigrok and Voogd, 1990).

There is only limited direct evidence in support of this zonal arrangement in the human
cerebellum as the above-mentioned findings are based on axon-tracing studies carried out
in rodents, carnivores and non-human primates. Nevertheless, preliminary developmental
studies of human Purkinje cells have shown that even at the foetal stage there are borders
between groups of Purkinje cells that are destined for particular cerebellar nuclei (Voogd,
2003), and it is therefore likely that this pattern exists in humans in a similar way to the

non-human primates and other vertebrates on which previous research has focused.

1.3.1.2 Circuitry outside the cerebellum

The principal projections to and from the cerebellum are shown in Figure 1.12. There are
two main functional circuits in which the cerebellum is involved. The first of these
connects the cerebellum to the cerebral cortex by way of the pons (input to the cerebellum)
and the thalamus (output from the cerebellum), and the second connects the cerebellum to
the inferior olive, both directly and by way of the red nucleus. The characterization of the
connections between the cereBellum and the cerebral cortex has been difficult because the
connections are not direct, they pass by means of the pons and the thalamus and therefore
involve multiple synapses (Ramnani and Miall, 2001). However, using tracers that can
cross the synaptic cleft, Middleton and Strick (2001) have found that the cerebellum sends
outputs to multiple regions of the dorsal prefrontal cortex (by means of the ventricular and
medial dorsal nuclei of the thalamus) and that the regions of the dentate nucleus that project
to the prefrontal cortex are spatially separate from the regions that project to the motor

cortex.
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Figure 1.12: The principal projections to and from the cerebellum (the main functional circuits are shown in shades of
blue).

Vestibular
nucleus
Hypothalamus

(i) Projections to the cerebellum

The principal projections to the cerebellum come from the cerebral cortex via the
corticopontocerebellar tract and from the olivary nucleus in the form of excitatory climbing
fibres. In addition, there are important projections to the cerebellum from the spinal cord

via the spinocerebellar tract.

A The corticopontocerebellar tract:

There is much variation in the number of projections to the pons from different cortical
areas, with some areas projecting heavily and some not at all. Nevertheless, the majority of
the projections in the corticopontocerebellar tract arise from cortical regions that are known
to be involved in the control of movement (particularly areas 4, 5, 6, 7 and 18 - Glickstein
et al., 1985), and it is therefore likely that these tracts carry information related to motor
function. There are also some projections from frontal areas rostral to the arcuate sulcus
and a limited number of projections from the occipital lobe and the infero-temporal cortex.

Examples of cortico-pontine projections include the following:
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a) Sensory and motor projections
Projections from sensory and motor cortical regions project to the pons and then on to the
cerebellum by means of the middle cerebellar peduncle (Brodal 1968a,b; 1971; 1982; 1987,
Glickstein et al., 1971; Glickstein et al., 1972; Baker et al., 1976; Gibson et al., 1978;
Mower et al., 1980; Robinson et al., 1984; Glickstein et al., 1985; Glickstein et al., 1994,
Glickstein, 1998).

b) Extra-striate visual projections
Visual projections from the cerebral cortex to the pons do not originate in primary visual
areas in the occipital lobe, but rather stem from extra-striate visual regions in the parietal
lobe, where the cells are responsive to motion and known to be involved in the visual
guidance of movement. In monkeys, these extra-striate cortico-pontine projections go to
regions in the dorsolateral pons (Glickstein et al. 1985; Stein and Glickstein 1992;
Glickstein et al. 1998). These visual projections go on to terminate in vermal lobules IX
and VII and in the paraflocculus (Hoddevik, 1977; Burne et al. 1978; Robinson et al. 1984).

Thus, anatomical evidence suggests that the information that reaches the cerebellum by

way of the corticopontocerebellar tract is principally concerned with motor control.

B Olivo-cerebellar climbing fibres

The olivo-cerebellar climbing fibre projection (the crossed projection from the inferior
olive to the Purkinje cells) mirrors the parallel zones of the cortico-nuclear projection in the
cerebellum that was described above (see Section 1.3.1.1).  Furthermore, the
olivocerebellar fibres send out collaterals to the target nucleus of the Purkinje cells to which
they project (Ruigrok and Voogd, 2000) and also to the lateral vestibular nucleus (Deiter’s
nucleus). This structured arrangement is often referred to as modular where a module is
made up of one or more Purkinje cell zones, the nucleus to which they project, and the
climbing fibre input from the inferior olive. This high level of organisation means that each
subnucleus of the inferior olive is able to monitor the output of a particular cerebellar

module.
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C The spinocerebellar tract:

The spinocerebellar tract is split into dorsal and ventral sections. The dorsospinocerebellar
and the ventrospinocerebellar tracts convey different types of proprioceptive information
mainly from the legs and lower body. The information from the dorsospinocerebellar tract
is transferred to the cerebellum in the inferior cerebellar peduncle, and the information from

the spinocerebellar tract is transferred to the cerebellum in the superior cerebellar peduncle.

In addition to these three principal tracts, the cerebellum also receives input from the
cuneate nucleus, from the eyes and ears via the tectum, and from the inner ear via the

vestibular nucleus.

It is important to note that, except for the olivo-cerebellar projection that is made up of
climbing fibres, all of the other cerebellar afferents terminate as mossy fibres. The majority
of the mossy fibres enter the cerebellum through the middle and inferior cerebellar

peduncles. Mossy fibres are excitatory and form synapses with granule cells.

(ii) Projections from the cerebellum
All of the outgoing projections from the cerebellum originate in the cerebellar nuclei. The
cerebellar nuclei do not project directly onto motor neurons and their effects on movement

are therefore always indirect.

The principal projection from the cerebellum is the dentorubrothalamic tract. This tract
projects from the dentate nuclei through the superior cerebellar peduncle, decussates and
then enters the red nucleus. From the red nucleus, this tract projects to the thalamus
(particularly the ventrolateral nucleus of the thalamus) and thence on to the cerebral cortex.
This crossed projection to th¢ contralateral motor cortex (which is shown in Figure 1.13)
explains how the cerebellar hemispheres influence motor function on the ipsilateral side of

the body.
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Figure 1.13: The dentorubrothalamic tract, illustrating the crossed projection from the cerebellum to the
contralateral motor cortex

Motor cortex

Thalamus

Superior cerebellar peduncle

Dentate nucleus

In addition to the dentorubrothalamic tract, there are a number of other projections from the
cerebellar nuclei and these projections will now be discussed separately for each pair of

nuclei.

a) Fastigial nucleus (MCN)

The principal projections of the fastigial nucleus pass via the inferior cerebellar peduncle to
the contralateral pons, reticular formation and spinal cord. The fastigial nucleus also sends
a small projection to the thalamus (ventrolateral nucleus and intralaminar nuclei) bilaterally
and to the medial accessory olive (the fastigial nucleo-olivary projection is not as well
developed as it is for the other cerebellar nuclei). There is a large bilateral projection to the
vestibular nuclei and it is in these nuclei that descending pathways originate. Through
these descending pathways the A zone (see Section 1.3.1.1) bilaterally influences neurons
which innervate truncal, axial and proximal limb muscles (Gray et al. 2000). This is not the
same for the B zone, however. The B zone does not project to the fastigial nucleus but
instead projects directly to the lateral vestibular nucleus, and so has an ipsilateral influence

on the neurons of the same system influenced by the A zone.

b) Emboliform nucleus (ICN):
The emboliform nucleus receives input from the C1 and C3 Purkinje cell zones and projects

to the magnocellular red nucleus and to the ventrolateral nucleus of the thalamus. The
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magnocellular red nucleus is the origin of the rubrospinal tract, a tract that crosses over in
the mesencephalon and terminates on lateral spinal interneurons and motor neurons
involved in the innervation of distal limb muscles. The ventrolateral nucleus of the
thalamus, on the other hand, projects to the caudal motor cortex and tracts originating in
this cortical area go on to terminate on the same lateral spinal interneurons and motor

neurons on which the rubrospinal tract terminates.

Thus, through these rubrospinal and corticospinal tracts which share the same spinal
terminations, the emboliform nucleus controls ipsilateral limbs. In addition to these
projections to the red nucleus and thalamus, the emboliform nucleus also projects to
pontine nuclei (the nucleus reticularis tegmenti pontis and the basal pontine nuclei) which

give rise to mossy fibres.

¢) Globose nucleus (ICN)

The globose nucleus has many projections in common with the fastigial nucleus. There are
direct nucleo-olivary projections from the globose nucleus to the rostral medial accessory
olive and indirect projections to this same area of the olive which pass via the
Darkschewitsch nucleus. The projections to the thalamus from the globose nucleus overlap
with those from the fastigial and emboliform nuclei. In addition, the globose nucleus

projects to the central grey, the raphe nuclei, the spinal cord and the superior colliculus.

d) Dentate nucleus (LCN)

The dentate nucleus projects principally to ventrolateral thalamic regions by way of the
dentorubrothalamic tract described above. These projections overlap with those from the
other cerebellar nuclei, but projections from caudal and lateral regions of the dentate extend
further into medial regions of the ventrolateral nucleus, regions that project to the premotor
area of the frontal lobe. In addition, the dentate nucleus projects to the contralateral
oculomotor nucleus and to the contralateral parvicellular red nucleus, thereby influencing

the central tegmental tract.

Using McIntyre-B strain of herpes virus (which is transported in a retrograde direction
transynaptically), Middleton and Strick (1994, 1997) showed that dorsal regions of the
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dentate project to cortical area M1, mid-rostrocaudal regions of the dentate nucleus project
to the premotor cortex, and the most caudal third of the dentate nucleus (which is correlated
with saccadic eye movements — Van Kan et al. 1993) projects to the frontal eye fields.
Projections from the dentate nucleus passing that pass through the thalamus originate in the

most ventral part of the dentate, and project to the prefrontal cortex (areas 9 and 46).

Having described the anatomical make-up of the cerebellum, the functions in which the

various cerebellar structures and regions have been implicated will now be discussed.

1.4 Functions of the cerebellum
Despite this comprehensive understanding of the structure of the cerebellum, relatively
little is known about the role of this brain structure in behaviour and much controversy

remains over the functions that it subserves.

The cerebellum was originally thought to be solely involved in motor control and has been
implicated in movement planning, execution, timing, learning, co-ordination and fine
tuning (see Brooks and Thach, 1981, for a review). Recently, however, evidence has been

mounting in support of a role for the cerebellum in a variety of non-motor functions as well.

1.4.1 Models of cerebellar function
In this section, two prominent models of cerebellar function are provided in order to gain an
understanding of the way in which the cerebellum may be able to carry out motor and

cognitive functions: Stein and Glickstein’s model and Schmahmann’s model respectively.

6] Stein and Glickstein’s model of cerebellar motor function
Stein and Glickstein (1992) proposed that the principal role of the cerebellar cortex is to
produce an internal representation of the body’s sensory motor system which it can then use
to predict an individual’s own pattern of motor actions, to rehearse these and then to
optimize them. This is in line with the work of Kawato and Gomi (1992) who argued that
the cerebellum is capable of feedback error learning through separate internal
representations in the flocculus, the vermis and regions of the cerebellar hemispheres. In

addition, this theory has received support from Miall et al. (1993) who proposed that the
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cerebellum forms two types of internal model. One provides a prediction of the sensory
consequences of each movement (a Smith Predictor). The other models time delays in the
control loop, enabling the comparison of a copy of the predicted model with actual sensory
feedback from an executed movement. On the basis of this comparison, it is then possible
to correct for errors in motor performance, and to improve the original predictive model.
This idea that the cerebellum is able to optimize motor functions is derived from the known
anatomical connections of the cerebellum. The projections to and from the cerebellum, as
well as its regular anatomical structure, mean that the cerebellum is in a position to receive
and process information about motor actions from a wide variety of different sources. Stein
and Glickstein (1992) argue that the cerebellum is able to use this incoming information to
optimize the future performaﬁce of a particular movement by appropriately enhancing or

depressing Purkinje cell synapses.

(i) Schmahmann’s Dysmetria of Thought model of a cerebellar role in
cognitive functions

In Schmahmann’s Dysmetria of Thought Hypothesis (Schmahmann 1991), he maintains
that in the same way that the cerebellum regulates the force, rhythm and accuracy of motor
functions, it may also regulate the rate, consistency and appropriateness of cognitive
functions. The cerebellum is thought to be an “oscillation dampener” which regulates
behaviours around a baseline level. When the cerebellum is compromised in some way,
this oscillation dampener no longer functions, behaviours cannot be smoothed, and they
may therefore become inappropriate, inaccurate or unreliable. This hypothesis is in line
with previous work which has suggested that the cerebellum is the principal modulator of
neurological function (Snider, 1952), that the cerebellum is an emotional pacemaker for the
brain (Heath, 1977) and that the cerebellum smoothes out the performance of mental
functions (Leiner et al. 1986; Leiner and Leiner, 1997).

In the following section, the possible functions of the cerebellum will be considered. The
discussion is subdivided on the basis of the different investigative methods that have been
used to elucidate cerebellar function. The two approaches most commonly used to
investigate the functions of the cerebellum in humans are functional imaging studies and
studies of patients with damage to the cerebellum. The results of each of these methods are

now considered, starting with functional imaging studies.
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1.4.2 Functional imaging studies of the cerebellum

Functional imaging studies provide a means to carry out in vivo investigations of the brain
structures involved in particular behavioural tasks by identifying those areas where there is
a haemodynamic change during execution of these tasks. These studies are generally
carried out on normal control participants and provide an important approach to

investigating the normal functions of different regions of the cerebellum.

(i) Functional imaging studies of the cerebellum during motor function

The first functional imaging study to show focal activation in the cerebellum was a positron
emission tomography (PET) study carried out by Fox et al. (1985). They showed that
voluntary movement and tactile stimulation of the fingers produced bilateral activation in
hemispheric lobule V. Since then, functional imaging studies have revealed activation in
the anterior cerebellum during tasks involving finger-tapping (Kuhtz-Buschbeck et al. 2003;
Rivkin et al. 2003), particularly in hemispheric lobules IV and V ipsilaterally (Sadato et al.
1996; Blinkenberg et al. 1996), in vermal lobules II and III during wrist and foot
movements (Nitschke et al., 1996), and in lateral regions of the right hemisphere during
reaching movements with the arm (Inoue et al., 1998). Functional imaging has also been
used to show that there is somatotopic representation of hand, foot and tongue movements
in the human cerebellum (Nitschke et al., 1996). The localisation of functional activation
in the cerebellum during different motor tasks is shown in a flattened map of a single
cerebellar hemisphere in Figure 1.14.

Figure 1.14: Regions of functional activation in the cerebellum during motor tasks

Lobule I

Lobule lll

Lobule IV
Lobule V

Left Right

This flattened map clearly shows that the regions of the cerebellum that are active during

tasks involving motor actions are principally located in the anterior lobe of the cerebellum.
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(ii)  Functional imaging studies of the cerebellum during cognitive functions

a) Speech and language:

The first functional imaging study to show cerebellar activation during a cognitive task was
a verb generation paradigm carried out by Petersen et al., (1988, 1989). Petersen et al.
found that the generation of the relevant verb from a noun was associated with activation of
right vermal lobule IV and right hemispheric lobule VI. Subsequent functional imaging
studies of speech and language have provided further support for a role for the cerebellum
in these cognitive functions. The results of these studies are summarized in table 1.1 and

the regions of activation can be seen in Figure 1.15.

Table 1.1: Cerebellar regions activated during speech and language tasks

Right vermal lobule IV and right

Petersen et al. (1988, 1989; PET) Verb generation hemispheric lobule VI
Raichle et al. (1994; PET) Verb generation Right intermediate lobule VI
Martin et al. (1995; PET) Verb generation Right intermediate and lateral lobule VI

. . . - Right vermal lobules V and VIlat and left
Price et al. (1996; PET) Single word repetition - 1 lobule IV
Ackermann et al. (1998; fMRI) Silent repetition of month names  Right intermediate and lateral lobule VI
Buckner et al. (1995; PET) Word stem completion Lt pimesonsan gy and Tiant Yepus)

lobule VI

Desmond et al. (1998; PET) Word stem completion Right hemispheric lobules VI and Crus |
Mathiak et al. (2002; fMRI) Speech perception Right hemisphere lobule Crus I

Figure 1.15: Regions of functional activation in the cerebellum during speech and language tasks

Lobule IV

Lobule VI

Lobule V
Crus |

Lobule Vllat
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b) Attention:

Functional imaging studies have also found activation in the cerebellum during tasks
designed to assess attentional abilities. Using shifting attention paradigms, Allen et al.
(1997; fMRI) found activation in left hemispheric lobule VI, and Le et al. (1998; fMRI)
found bilateral activation in Crus I (with increased activation on the right side). In addition,
a study by Rees et al. (1997; PET) found that as they increased the attentional load, there
was a proportional increase in activation in lateral regions of left hemispheric lobule VI and

in right vermal lobule V. These regions of activation can be seen in Figure 1.16 below.
Figure 1.16: Regions of functional activation in the cerebellum during attention tasks

Lobule VI Lobule V

Crus |

c) Memory:

Functional imaging studies of working memory have also shown activation in the
cerebellum. Fiez et al. (1996; PET) required participants to remember five verbal stimuli
and found cerebellar activation in left vermal lobule III and left intermediate lobule VI. In
a slightly more difficult task, Paulesu et al. (1993; PET; 1995; fMRI) required participants
to compare verbal and nonverbal stimuli with previously presented stimuli and found
cerebellar activation in vermal lobule VI. Desmond et al. (1997) carried out a study where
they required participants to remember a number of visually presented letters (either one —
low load, or six — high load) over a brief delay. They found cerebellar activation in lateral
regions of right hemispheric lobules Crus I, VIIB and VIIIA. In addition, Mathiak et al.
(2004) found activation in right hemispheric lobule Crus I during storage and comparison
of temporal durations in a non-speech task. These regions of activation can be seen in

Figure 1.17 below.
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Figure 1.17: Regions of functional activation in the cerebellum during memory tasks

Lobule liI

Crus |

Lobule VI

Lobule Vilb
Lobule Vllla

Right

In Figure 1.18 below, all these findings are put together into a single diagram, in order to
gain a picture of the pattern of functional localisation within the cerebellum that is

emerging from functional imaging studies.

Figure 1.18: Regions of localisation of motor and cognitive function in the cerebellum from functional imaging
studies

Lobule I/ll Lobule IIl

Lobule VI

Lobule Vilb

Lobule Vllia

Motor Speech and language

Motor and memory . Speech and language, attention

Attention ' Speech and language, memory

e Yol

Memory . Speech and language, memory, attention

These findings are in line with the anatomical connections of the cerebellum. As outlined

in Section 1.3.1.2, the dentate nucleus (which receives input from the cerebellar
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hemispheres) sends projections to the dorsal prefrontal cortex (Middleton and Strick, 2001).
The dorsal prefrontal cortex is known to be involved in working memory (Levy and
Goldman-Rakic, 2000; Curtis and D’Esposito, 2003) and in attentional selection (one aspect
of attention) (Frith et al., 1991; Rowe et al. 2000; Rowe and Passingham, 2001) and the
findings that regions of the cerebellar hemispheres are active during tests of working
memory and attention suggests that there may be functional circuits involving both the
cerebellum and the dorsal prefrontal cortex which subserve these functions. It should be
emphasized that both working memory and attention are complex cognitive abilities that
can be broken down into a variety of different aspects. Working memory, for example, has
phonological, auditory and visuo-spatial aspects, whereas attention has visual and auditory
components as well as aspects related to general vigilance and arousal. Therefore it is
possible that different areas of the cerebellum may be involved in different aspects of

working memory or attention or may be involved to different degrees.

Summary of functional imaging studies

Functional imaging studies of normal control participants have provided evidence that the
cerebellum is active during a variety of both motor and cognitive behaviours, indicating
that the cerebellum is likely to play a role in these different behaviours. There is evidence
for some localisation of function within the cerebellum, most notably, motor functions are
principally associated with activation in the anterior lobe (lobules I-V) of the cerebellum.
This is in line with early work that found that lesions of the anterior lobe are associated
with ataxia, dysmetria and a lack of control of eye movements (Holmes, 1917). For the
cognitive functions (speech and language, attention and memory), there is some overlap of
functional distribution, with lobules VI and Crus I being involved in multiple functions.
This suggests that lobules VI and Crus I may be particularly important for cognitive

functions.

It is important to note that an advantage of functional imaging studies is that they provide a
means by which to see how the normal brain functions, something that is not possible in the
lesion studies that will be considered next. However, a significant limitation of functional
imaging is that, although it shows which brain areas are involved in a particular function, it

does not show what areas are necessary for that function. In order to discover which brain
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areas are necessary for a particular task, studies of patients with damage to the cerebellum

are more appropriate. These will now be considered.

1.4.3 Studies of patients with damage to the cerebellum

Cerebellar damage can result from trauma, infection, metabolic problems, the effects of
toxins, and inherited cerebellar degenerations. Nevertheless, there are a number of clinical
symptoms that are common to most patient groups with cerebellar dysfunction. The
clinical features that are most commonly observed in patients with cerebellar syndromes are

summarized in table 1.2 below:

Table 1.2: Clinical features of cerebellar syndromes

Loss of muscle tone

Inability to correctly articulate words due to problems with weakness or
incoordination of speech muscles

Difficulties stabilizing eye movements

Incoordination of movement

| Inability to carry out rapid alternating movements

A tremor which occurs when carrying out purposeful movements

| Inability to correctly terminate movements

These various clinical features manifest themselves most clearly in cerebellar patients in the

form of problems with movement coordination and balance.

In the sections that follow, a number of patient populations with different types of
cerebellar damage will be considered. These include cases of cerebellar agenesis and
cerebellar hypoplasia (congenital cerebellar damage), patients with different types of
acquired lesions of the cerebellum (both focal cerebellar lesions and more slowly
developing posterior fossa tumours); and a number of disorders in which the cerebellum
has been implicated, all of which have a neurogenetic basis (these include autism and

Asperger’s syndrome, dyslexia, schizophrenia, bipolar disorder and ADHD).

1.43.1 Congenital cerebellar damage
1.4.3.1.1 Cerebellar agenesis
A small number of cases of the rare condition of cerebellar agenesis have been reported in

the literature. This is a congenital condition where the cerebellum fails to develop, and
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consideration of such cases could facilitate investigation of the functions in which the
cerebellum plays a critical role and an increased understanding of the level of plasticity of

the brain.

However, cerebellar agenesis rarely occurs in the absence of other malformations and it is
therefore difficult to associate behavioural probléms with dAmage to the cerebellum per se.
Nevertheless, Glickstein (1994) carried out a review of the literature on cerebellar agenesis
and concluded that all patients with near-complete cerebellar agenesis (complete cerebellar
agenesis probably does not occur — Boltshauser, 2004) showed considerable motor deficits.
This has received support from Timmann et al. (2003) who found that a patient with
cerebellar agenesis had ataxia of the upper and lower limbs and of stance and gait, and was
unable to acquire conditioned eyeblink responses, indicating that they had an impairment in
motor learning. In addition, Glickstein (1994) found that those individuals with cerebellar
agenesis who survived beyond infancy also demonstrated dysarthria and cognitive
difficulties. This finding is in line with Leestma and Torres’s (2000) report of a 38 year-old
with cerebellar agenesis who was unemployed and had mental retardation. It should be
noted, however, that Sener and Jenkins (1993) reported on a 58 year-old woman with

cerebellar agenesis who was apparently asymptomatic.

1.4.3.1.2 Cerebellar hypoplasia

In cases of cerebellar hypoplasia, the cerebellum has a reduced volume, but its shape is
broadly normal (Boltshauser, 2004). Cerebellar hypoplasia is a highly heterogeneous
condition which has been observed in numerous different cases including individuals who
have been subject to prenatal infections, those with metabolic disorders or with
chromosomal aberrations or with different types of congenital muscular dystrophies or with
complex genetic malformations, or those with isolated cerebellar hypoplasias (Sarnat, 1992;
Barth, 1993). Patients with cerebellar hypoplasia demonstrate a variety of motor deficits
(including uncoordinated movement and lack of balance) which are particularly prominent
in infancy, and also show language and cognitive impairments that become apparent as they

grow older (Boltshauser, 2004).
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Both cerebellar agenesis and cerebellar hypoplasia are often associated with white matter
atrophy, and rarely occur in the absence of any other malformations. For this reason, it is
difficult to determine the extent to which any behavioural abnormalities in these patient

groups are due to the cerebellum damage rather than to other associated brain abnermalities.

14.3.2 Acquired pathology of the cerebellum

Acquired pathology of the cerebellum can be acute (for example as a result of focal head
injury) or more slowly developing (for example tumours in the posterior fossa region).
Both of these types of lesions can be localised to distinct cerebellar regions, and by looking
at the specific behavioural problems of patients with lesions of particular cerebellar areas, it
should be possible to gain some understanding of the dysfunction that results from damage
to those specific areas, and, by implication, to examine functional localisation in the
cerebellum. Furthermore, such studies could potentially shed some light on the level of
compensation of function that occurs after damage to particular areas of the brain,
especially during development. As was discussed in Section 1.1.4, there is an interplay
between compensatory activities and the normal development of modules depending on the
age at onset of pathology, and on the region of the brain that is damaged. Studies of
behaviour and brain structure in patients who have had pathology of the cerebellum could
increase the understanding of the nature of these compensatory mechanisms, and the degree
to which they interact with and even over-write normal developmental processes. The
effects of time of onset of pathology of the cerebellum on motor and cognitive functions are

considered in some detail in chapters 3 and 4 respectively.

In this section, studies of patients with different acquired lesions of the cerebellum will first
be discussed, concluding with studies of patients with tumours of the cerebellum. The
studies of patients with tumours of the cerebellum are considered in more detail in Chapter

3 (studies of motor functions) and Chapter 4 (studies of cognitive functions).
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1.4.3.1.4 Lesions of the cerebellum
@) Case studies of patients with cerebellar lesions
a) Speech and language

Silveri et al. (1994) reported on a patient with right cerebellar damage who developed a
right hemicerebellar syndrome as well as agrammatic speech in the absence of other
cognitive impairments. This observation led Silveri et al. (1994) to suggest that “the
cerebellum provides the temporal interplay among the neural structures underlying the
processes responsible for production of sentences.” In 1998, Silveri et al. reported on
another individual with cerebellar damage. This patient had a neoplastic cerebellar lesion
and had surgery to remove the right hemisphere of the cerebellum. Subsequently the
patient performed at normal levels in neuropsychological tests except for a reduction in
verbal digit span and a tendency to quickly forget verbal information. These observations
led Silveri et al. (1998) to argue that the cerebellum is involved in planning the production
of speech “at a level that does not require an overt articulation”. Support for a role for the
cerebellum in speech also comes from Ackermann et al. (1997) who argue that, as well as

acting as an internal clock, the cerebellum is involved in the perception of speech.

b) Visual pursuit
A role for the cerebellum in the initiation of pursuit was put forward by Straube et al. (1997)
who examined the abilities of patients with unilateral cerebellar lesions. They found that
the lateral cerebellum in particular may be involved in smooth pursuit. These findings are
in line with the work of Nawrot and Rizzo (1995) who found that acute midline cerebellar

lesions are associated with deficits in motion perception.

(ii)  Group studies of patients with cerebellar lesions

A comprehensive study of a group of patients with cerebellar lesions was carried out by

Schmahmann and Sherman (1998). They carried out neurological examinations, bedside

mental state tests and neuropsychological assessments on 20 patients with acquired lesions

confined to the cerebellum and found a consistent pattern of difficulties in four areas:

a) Executive function: Problems with planning, changing set, abstract reasoning, verbal
fluency, and working memory. These problems with executive function were more

evident in patients with lesions that affected the posterior lobe of the cerebellum.
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b) Spatial cognition: Problems with visuo-spatial organization and memory (for
example patients had ciifﬁculty with the Rey-Osterrieth Complex Figure). These
problems with spatial cognition were more evident in patients with lesions affecting
the posterior lobe of the cerebellum.

¢) Changes in personality: Blunting of affect and/or disinhibited and inappropriate
behaviour (this was assessed according‘to' established clinical methods (Weintraub
and Mesulam, 1995; Hodges, 1994) where the degree of impairment was recorded
using a three-point scale from mild to severe).

d) Language: Dysprosodia, agrammatism and mild anomia.

On the basis of these findings, Schmahmann and Sherman proposed that there is a

“cerebellar cognitive affective syndrome” which is characterized by impairments in each of

the four categories detailed above and which occurs when there is damage to the

cerebellum. This syndrome is consistent with Schmahmann’s Dysmetria of Thought

Hypothesis outlined in Section 1.4.1.

Taken together, the findings from studies of patients with cerebellar damage support the
theory that there is functional localization in the cerebellum, as damage to particular areas
of the cerebellum results in specific behavioural changes. Furthermore, damage to the
cerebellum has been shown to be associated with difficulties in both motor and cognitive
function, providing support for the possibility that the cerebellum is not a purely motor

structure, but that it plays an important role in cognition as well.

1.4.3.1.5 Tumours of the cerebellum and posterior fossa region

@) The posterior fossa.
The posterior fossa is the smallest of the three cranial fossa. It is the cavity at the bottom of
the skull in which the brain stem and cerebellum are located. The brain stem is the
structure that connects the cerebral hemispheres with the spinal cord and it contains the
midbrain (the tectum and tegmentum), the pons, the medulla oblongata and numerous small

sensory and motor nuclei (the cranial nerve nuclei).

(ii)  Tumour types

The two principal types of tumour that occur in the posterior fossa region are astrocytomas
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and medulloblastomas. Astrocytomas can be either solid or cystic, and many are of the
pilocytic cell type and are thus low-grade gliomas. Although they can be located in the
vermis, it is far more common for astrocytomas to be found in the cerebellar hemispheres.
These tumours show ringlike growth and often cause both lateral and anterior displacement

of the fourth ventricle.

Medulloblastomas, on the other hand, were originally thought to be caused by medulloblast
cells (hence their name), but despite many investigations, these medulloblast cells have
never been identified (Packer, 2002). Instead, medulloblastomas are now thought to
originate from the remains of primitive neuro-ectoderm in the inferior medullary velum
(also known as the posterior medullary velum). These tumours are highly malignant and
they grow to fill the fourth ventricle, attacking the nearby brain stem and leptomeninges as

they increase in size.

(iii) Previous studies of patients with posterior fossa tumours
Despite the fact that half of all brain tumours that occur in children are located in the
cerebellum and brainstem, investigations into cerebellar functions through examination of
children with tumours in the posterior fossa region have been rare. Studies of motor
function in patients with PFT are particularly rare. These cases of individuals with
localised damage to the cerebellum are extremely important and provide a promising means

by which to gain an understanding of cerebellar function.

Previous studies that have been carried out on patients with PFT have identified a number
of difficulties in this patient population. Levisohn et al. (2000) compiled the results of 19
children aged between three and 14 years at age of surgery on a number of
neuropsychological tests. They discovered that 14 out of the 19 patients with PFT showed
impairment in fine motor coordination. In addition, they found impairments in executive
function, visuo-spatial function, expressive language, modulation of affect (particularly
associated with vermal damage) and verbal memory in the patients with PFT. Support for
these findings come from a study by George et al. (2003) which showed that patients with
PFT were impaired on IQ and on verbal and visual memory as assessed by the Wide Range

Assessment of Memory and Learning. In addition, Steinlin et al. (2003) administered a
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variety of neuropsychological tests to 24 patients with PFT aged between seven and 26
years old and found that they had problems with attention, memory, speed of processing
and interference, and a number also had problems with attention. Steinlin et al. (2003) also
noted the presence of various psychiatric symptoms, including anorexia, phobia, temper
tantrums and addiction problems, and these seemed to be particularly prevalent in patients
whose tumour resection had included vermal regions. Thus, in line with Levisohn et al.
(2000), Steinlin et al. (2003) also found that there may be localization of function in the
cerebellum, with the vermis in particular being involved in the control of emotion or

possibly of mental state.

This idea of cerebellar localization of function is in line with the work of Riva & Giorgi
(2000). They carried out a number of neuropsychological tests on children who had
undergone surgery for posterior fossa tumours. The tests were carried out as soon as
possible after surgery and the results showed that damage to the right cerebellum was
associated with deficits in auditory sequential memory and language processing, and
damage to the left cerebellum was associated with deficits in spatial and visual sequential
memory. Furthermore, damage to the vermis led either to mutism or to behavioural
disturbances, a finding that is in line with the psychiatric complications after vermal

involvement noted by Steinlin et al. (2003), and considered above.

It is important here to mention a number of limitations of these previous studies. One
limitation that is particularly relevant for the current study is that the posterior fossa
tumours are not always localized within the cerebellum alone. This means that resulting
behavioural problems may be associated with damage to areas adjacent to the cerebellum
rather than the cerebellum itself. This point was illustrated by Botez-Marquard et al. (2001),
who describe a patient with unusual developmental cerebellar agenesis who suffered further
unilateral damage to the left cerebellum after a stroke. The behavioural consequences
included impairments in verbal and visual memory, in the planning of a sequence of events,
in visuo-constructive abilities, and inappropriate jocularity. However, in addition to the
cerebellar damage, the lesion also encroached on the pons and there was frontal lobe
diaschisis, indicating that these behavioural changes may not be solely related to the

cerebellar damage. Thus in previous studies, the areas of the cerebellum investigated are
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not always very specific, so any understanding to be gained of functional localization in the
cerebellum can only be very limited. This problem will be overcome in the present
investigation by identifying, using MRI methods, which particular cerebellar region is
damaged and to what extent.

Having considered cases where there is obvious damage to the cerebellum and associated
obvious behavioural and psychiatric problems, cases where both the actual cerebellar
damage and the resulting behavioural changes are more subtle will now be considered.
These are cases with neurodevelopmental brain abnormalities which by their very nature

imply that multiple brain systems are involved.

1.4.3.2 Disorders in which the cerebellum has been implicated
The cerebellum has been implicated as playing an important role in a number of different
neurodevelopmental and neurogenetic disorders including autism, dyslexia, schizophrenia,
bipolar disorder and ADHD. Each of these disorders is discussed below.

1.4.3.2.1 Autism and Asperger’s Syndrome

The syndrome in which the cerebellum has received the most attention is autism. Autism is
a neurodevelopmental disorder (a disorder of the way the brain develops) characterized by
a triad of impairments in social interaction, communication, and restricted and repetitive

behaviours and interests, all of which are present from early childhood.

A Social interaction
Impairments in social interaction are the most prominent sign of autism. Individuals live in
a world of their own with little interest in social interaction with others. Impairments in
social interaction include a relative lack of non-verbal communication mechanisms (eye
contact, facial expressions and body language); a lack of understanding of other people’s
thoughts or feelings; a failure to develop normal relationships with peers, often preferring
to spend time with younger children or adults; a lack of spontaneous sharing of activity or

interest with others; and inappropriate behaviour in social situations.



CHAPTER 1: INTRODUCTION 54

B Communication
Impairments in verbal communication vary enormously between individuals with autism,
ranging from almost total absence of speech and language to good basic language skills but
problems with complex aspects of language such as the use of metaphors, humour, and play
on words. There may also be problems with abnormal pitch or rhythm of speech, unusual
choice of vocabulary, and a high rate of repeﬁtibn; In addition to these abnormalities in
verbal communication, there are also abnormalities in non-verbal expression such as
impoverished use of gesture for communication purposes and poor eye contact and odd

body language, which were mentioned in section A above.

C Restricted and repetitive interests and behaviours
The restricted and repetitive interests and behaviours in autism include an obsession with
the preservation of sameness (both in routine and in the position of objects); an
extraordinary interest and depth of knowledge about one particular topic; and repetitive
actions such as hand flapping or twirling.

The first official reports of individuals with autism were those produced by Kanner (1943)
and Asperger (1944). Kanner and Asperger described groups of children with overlapping
patterns of abnormalities that included repetitive speech, an unusual desire for the
preservation of sameness, a lack of imaginative play, a lack of verbal communication and
limited awareness of the thoughts or feelings of others. Since this early work, clinical
definitions of autism have been produced, based on the investigations of a number of
researchers including Wing (1976, 1988, 1996) and Wing and Gould (1979). Autism is
now accepted to be a spectrum of behavioural abnormalities that includes very low-
functioning individuals with no speech and very little social interaction at one end of the
spectrum, ranging up to very able individuals (high-functioning autistics) who have fluent
speech but awkward social interaction, at the other end the spectrum (Gillberg, 1991a;
Wing, 1996). The Diagnostic and Statistical Manual of Mental Disorders, fourth edition
(DSM-1V) (American Psychiatric Association, 1994) and the International Statistical
Classification of Diseases and Related Health Problems, tenth revision (ICD-10) diagnostic

criteria for autism can be found in Appendices A and B respectively.
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@) Autism and Asperger’s Syndrome: Is Asperger’s Syndrome distinct from
autism?

Asperger’s Syndrome can be defined as a pervasive developmental disorder at the more
able end of the autistic spectrum, characterized by a severe impairment in social interaction
coupled with an obsessive interest in repetitive behaviours and activities. The DSM-IV and
ICD-10 classifications for AS can be found in Appendices C and D respectively. There has
been much debate as to whether or not Asperger’s Syndrome should be differentiated from
high-functioning autism and as such whether it should be considered to be a separate
syndrome (Bishop, 1993; Happe, 1994). It has been argued that Asperger’s Syndrome can
be distinguished from high functioning autism on the basis of language and cognitive
function. In his original paper, Asperger (1944) reported that there was no evidence of
delay in the development of speech or of cognitive function, and an absence of delay in
both language and cognitive function have been incorporated as diagnostic factors for
Asperger’s Syndrome in both ICD-10 and DSM-IV. However, some investigators claim
that, in common with autism, language and cognition can actually be delayed in Asperger’s
Syndrome (Wing, 1981; Gillberg, 1989; Tantam, 1988). Furthermore, once language skills
are in place, the language of individuals with high-functioning autism and those with
Asperger’s Syndrome shares a number of similarities (Jordan and Powell, 1995; Sigman
and Capps, 1997). Language is characteristically stilted, it can be quite pedantic and
understanding is very literal, with a relative lack of ability to grasp plays on words or

metaphors.

Further similarities between autism and Asperger’s Syndrome include the fact that a
number of common regions of brain abnormality have been reported (Berthier et al. 1990)
and that children often change from being diagnosed with autism at an early age to being
labeled with Asperger’s Syndrome as they get older, indicating strong links between the
two disorders. In addition, there seems to be a genetic aspect in that there is a significantly
greater chance that an individual will have autism if they have a sibling with autism or

Asperger’s Syndrome (Bolton et al. 1994).

The number of similarities between autism and Asperger’s Syndrome thus suggests that

Asperger’s Syndrome should not be considered to be an independent disorder. Instead, this
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condition should be considered as part of the broad autistic spectrum of socio-emotional
abnormalities. Nevertheless there are a number of behaviours which appear to be
particularly obvious in Asperger’s Syndrome and these include problems with empathy,
unusual clumsiness, a marked preference for the preservation of sameness and

oversensitivity to lights and sounds that may not be noticed by other people.

As outlined at the beginning of this chapter, the fact that autism is a neurodevelopmental
disorder means that there are likely to be abnormalities in the very earliest neural
connections that form during development. It is possible that individuals at different levels
of the autistic spectrum differ in the timing and extent of these early abnormalities that have

occurred in core regulatory systems of the developing brain (Trevarthen et al. 1998).

(ii) Brain abnormalities in autism
Research into the neural underpinnings of autism point to three main regions of
abnormality: the cerebellum, the medial temporal lobes (amygdala and hippocampus) and

the frontal lobes. These are considered in some detail below.

a) The cerebellum: The cerebellum has been found to be significantly larger in people
with the autistic syndrome (Piven et al. 1997), although this expansion may not be specific
to the cerebellum, but may rather be in line with the expansion of the brain as a whole in
autism (Lainhart et al. 1997; Hardan et al. 2001; Courchesne et al. 2001; Sparks et al. 2002).
It has been hypothesized that this increase in brain size may be due to a failure of the brain
to effectively prune synapses over the course of development (Frith, 2003). More detailed
studies of the size of groups of cerebellar lobules have produced contradictory results, with
some researchers not finding any significant differences in the areas of vermal lobules
between autistic subjects and their normal controls (Kleiman et al. 1992; Holttum et al.
1992; Piven et al. 1997), and others like Courchesne et al. (2001) finding that vermal

lobules VI and VII are smaller in boys with autism than in controls.

At a cellular level, autopsy studies have reported a significant reduction in either the
number of Purkinje cells in the cerebellum of individuals with autism (Bauman and

Kemper, 1985, 1986, 1990, 1994; Ritvo et al. 1986; Bailey et al. 1998) or in the size of
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their Purkinje cells (Fatemi et al. 2002). This suggests that if there are any differences in

the size of the cerebellum, this is likely to be a reflection of a change in its cellular make-up.

On a more global scale, some researchers have argued that it may be the connections of the
cerebellum that are disrupted or altered in autism rather than the cerebellum itself. Skoyles
(2002), for example, suggested that a disconnection between the cerebellum and the
cerebral cortex might be responsible for the autistic symptoms, whereas Muratori et al.
(2001) suggested that autism may result from changes in the connections between the

neocerebellum (lateral regions of the cerebellar hemispheres) and other areas of the brain.

b) The medial temporal lobes: Two regions of the medial temporal lobes have
consistently been found to be abnormal in autism: the amygdala (Abell et al. 1999;
Aylward et al. 1999; Howard et al. 2000; Sparks et al. 2002) and the hippocampus
(Raymond et al. 1996; Aylward et al. 1999). A study by Salmond et al. (2003) carried out
individual voxel-based morphometry (VBM) analyses on the brains of fourteen children
with high functioning autism or Asperger’s Syndrome. They found that structural
abnormalities in the amygdala showed up in half of these patients.

c¢) The prefrontal cortex: Evidence for abnormalities in the frontal lobe in autism comes
from structural and functional imaging studies which have found an increase in the volume
of the frontal lobes (Carper and Courchesne 2000) and a delay in the maturation of the
frontal lobes (Zilbovicius et al. 1995) in autism; from molecular studies which have found
increased cortical thickness, high neuronal density and neuronal disorganization in the
frontal lobes in autism (Bailey et al. 1998); and from studies that have found behavioural
similarities between patients with frontal lobe pathology and individuals with autism
(Hughes et al. 1994).

In addition to these three principal areas, abnormalities have also been found in the
thalamus (Tsatsanis et al. 2003), the corpus callosum (Hardan et al. 2000) and the parietal
lobes (Courchesne et al. 1993).

It is important to note that these brain areas do not appear to be abnormal in all individuals

with autism. A number of studies have found no abnormalities in the cerebellum (Piven et
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al. 1998; Sparks et al. 2002); hippocampus (Saitoh et al. 1995; Piven et al. 1998; Haznedar
et al. 2000; Howard et al. 2000; Sparks et al. 2002); amygdala (Haznedar et al. 2000) or the
frontal lobes (Piven et al. 1998; Carper and Courchesne 2000) in autism. This lack of
consistency between different studies may in fact be a reflection of heterogeneities in the
study samples. Given that autism is a spectrum of abnormalities, it is possible that different
degrees of brain dbnormalitjr underlie the pfoblems encountered by individuals at different
levels on the spectrum. Whatever the particular behavioural difficulties may be, evidence
suggests that damage to one brain system cannot explain all of the features of autism or

Asperger’s Syndrome.

(iii) Brain abnormalities in individuals with Asperger’s Syndrome in particular
A number of studies have been carried out on individuals with Asperger’s Syndrome (AS)
in particular, and these are considered here because individuals with AS participated in the

studies described in the experimental chapters of this thesis.

A study by Abell et al. (1999) found that adults with AS had decreases in grey matter in the
right paracingulate sulcus and in the left inferior frontal gyrus and increases in grey matter
in the amygdala, the middle temporal gyrus, the inferior temporal gyrus and in the
cerebellum. Salmond et al. (2003) found significant increases in grey matter density in the
orbitofrontal cortex, the superior temporal gyrus and the cerebellum in individuals with AS.
They found some evidence for increases in grey matter density in the amygdala and
hippocampus, but this was only found in half of the participants with AS. A study by
Nieminen-von Wendt et al. (2002) found a reduction in the size of the mesencephalon in

children and adolescents with AS, but no other focal brain abnormalities.

A study which looked at differences in both grey and white matter density was carried out
by McAlonan et al. (2002). They found that compared to normal controls, adults with AS
had significantly less grey matter in the medial frontal lobe and cingulate, the basal ganglia,
thalamus and ventral striatum and in the cerebellum, but found no regions of increased grey
matter in patients with AS. Significant decreases in white matter were found
predominantly in the left hemisphere in fronto-temporal regions, possibly within the

inferior and superior longitudinal fasciculi and the occipitofrontal fasciculus fibre tracts.
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Decreases in white matter were also found in the left cerebellum and in the pons. Increases
in white matter in AS patients were found bilaterally in the region including the basal

ganglia and the external capsule.

Furthermore, Murphy et al. (2002) carried out a proton magnetic resonance spectroscopy
study of the brain in Asperger’s Syhdrome; and found abnormalities in the neuronal
integrity of the prefrontal lobe (significantly higher concentrations of N-acetylaspartate

(NAA) and choline) that were associated with the level of severity of clinical symptoms.

Functional imaging studies have revealed a bilateral reduction in resting blood flow in the
medial temporal cortex in individuals with autism, compared to healthy controls (Ohnishi et
al. 2000, Zilbovicius et al. 2000). In addition, a functional imaging study by Oktem et al.
(2001) found differences in the level of frontal activation between people with Asperger’s
Syndrome and healthy controls during a task involving social judgment.

Thus, previous work on Asperger’s Syndrome suggests that this condition may be

associated with abnormalities in a number of brain regions, one of which is the cerebellum.

(iv)  Theories of autism:
A number of theories have been put forward with the aim of explaining the behavioural
manifestations of this spectrum of disorders. The three most widely accepted are described

below:

a) Failure to acquire a theory of mind
Theory of mind is the ability to infer mental states including beliefs, desires, intentions,
imagination and emotions (Baron-Cohen et al. 1994). It has been hypothesized that
impairments in the acquisition of a theory of mind may underlie the social and
communication difficulties observed in individuals with autism (e.g. Baron-Cohen et al.
1985). |

b) Weak central coherence
Central coherence is the ability to put together incoming information into a coherent whole

in order that it can be processed for higher level interpretation of meaning (Hill and Frith,
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2003). It has been hypothesized that there is weak central coherence in individuals with
autism because their brains have poor levels of connectivity between regions of basic
perceptual processing and regions of higher-level processing (see Frith 1989; Happe 1999).
This means that rather than considering objects as coherent wholes, individuals with autism

will tend to focus all their attention on the local aspects.

¢) Executive dysfunction

Executive functions are highér—level brain functions that depend on the ability to hold
information in mind and integrate relevant aspects for the successful completion of a given
task (examples include set-shifting, planning and the inhibition of responses). The theory
of executive dysfunction in autism maintains that executive functions are impaired due to a
lack of initiation of novel actions and a reluctance to move from a given task set. These
impairments are similar to those observed in patients with frontal-lobe lesions (Garth et al.,
1997; Levin et al. 1997; 2001) and in clinical disorders such as attention deficit
hyperactivity disorder, obsessive-compulsive disorder and schizophrenia, all of which are
thought to involve abnormalities in the frontal lobe (Hill and Frith, 2003).

1.4.3.2.2 Dyslexia

Dyslexia is a specific learning disability which is characterized by difficulties in expressive
or receptive oral or written language. Three main theories have been put forward to
account for the difficulties encountered by individuals with dyslexia:

@) The phonological deficit account (Bradley and Bryant, 1983; Shankweiler et al.
1995; Stanovich 1988): This theory argues that the reading problems in dyslexia
are due to an inability to break down spoken words into their constituent sounds.

(ii))  The magnocellular deficit account (Tallal et al. 1993; Eden et al. 1996; Stein
and Walsh, 1997): This theory argues that the reading problems in dyslexia are
due to abnormalities in auditory and/or visual magnocellular pathways which
result in impaired sensory processing.

(iii)  The cerebellar deficit hypothesis (Nicolson et al. 2001): This theory is based
on the fact that in addition to their language problems, individuals with dyslexia
also tend to have impairments in automatic skill performance, a function known

to rely on an intact cerebellum. The cerebellar deficit hypothesis therefore
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maintains that abnormalities in the development of the cerebellum are the cause

of the impairments in reading and writing seen in individuals with dyslexia.

Given the focus of this thesis, the third hypothesis is of particular interest. Numerous
studies have recently been carried out to investigate the possibility that there are cerebellar

abnormalities in individuals with dyslexia.

Behavioural studies have produced somewhat inconsistent results on tasks known to
involve the cerebellum. Nicolson and Fawcett (1993), for example, found that individuals
with dyslexia show a deficit in time estimation (a function known to be subserved by the
cerebellum) and therefore argued that this finding supported the idea that cerebellar
abnormalities are involved in dyslexia. However a study by Ramus et al. (2003) found no
evidence for a deficit in timev estimation in individuals with dyslexia, thus it is at present
unclear whether or not individuals with dyslexia have difficulties with this aspect of

cerebellar function.

Neuroimaging studies have provided more consistent findings in support of cerebellar
abnormalities in individuals with dyslexia. In an MRI study, Rae et al. (2002) found that
the normal asymmetry in cerebellar grey matter in controls (more grey matter in the right
than in the left cerebellum) was not present in individuals with dyslexia. Instead,
individuals with dyslexia had similar levels of grey matter in both of the cerebellar
hemispheres. Furthermore, Brown et al. (2001) found that in individuals with dyslexia the

cerebellum was one of the brain regions to show a decrease in grey matter.

A study by Eckert et al. (2003) measured the posterior temporal lobe, inferior frontal gyrus,
cerebellum and whole brain on MRI scans and found that in individuals with dyslexia, the
anterior lobes of the cerebellum, the pars triangularis of the frontal lobe and whole brain
volume were all significantly smaller than those of the controls. These results support the
idea that abnormalities in cerebellar-frontal connections are associated with dyslexic
difficulties. Functional imaging studies (PET) have found a decrease in activation in the
left cerebellum in individuals with dyslexia during tasks requiring phonological processing

(McCrory et al. 2000). In addition, a postmortem study was carried out by Finch et al.
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(2002) on four dyslexic brains and four normal brains. They found that the mean area of
the cells in the medial posterior cerebellar cortex was significantly larger in the dyslexic
brains than in the controls. These results should however be treated with caution given the

small numbers and given that the subjects were not age-matched.

Thus there is mounting evidence for a variety of cerebellar abnormalities in individuals
with dyslexia. However, abnormalities have also been found in a number of other brain
regions and it is therefore important not to assume that dyslexic difficulties can be
completely accounted for by abnormalities in the cerebellum. Furthermore, dyslexia is a
neurodevelopmental disorder which means that brain abnormalities are present from the
beginning of development and therefore it is very unlikely that abnormalities are limited to
individual brain regions, rather it is probable that systems of interconnected brain structures

will show abnormalities (see Section 1.14).

1.4.3.2.3 Schizophrenia

Schizophrenia is a neurodegenerative disorder generally occurring in adulthood. Studies of
the cerebellum in schizophrenia have found that compared to normal controls,
schizophrenic patients have an increased vermis volume, a greater asymmetry in the
volumes of the cerebellar hemispheres, and a high correlation between increases in
cerebellar white matter volume and increases in the severity of symptoms (Levitt et al.,
1999). These findings led Levitt et al. (1999) to suggest that vermal abnormality may be
associated with the pathophysiology of schizophrenia.

However, the cerebellum is by no means the only brain area affected in schizophrenia.
Other brain abnormalities reported include increases in neuronal density in prefrontal
(Selemon et al. 1998) and temporal (Pakkenberg, 1993) cortical areas; a significant
reduction in bilateral cortical folding (Sallet et al. 2003); decreased perfusion in prefrontal,
inferior temporal and parietal cortex and increased perfusion in the thalamus and cingulate
cortex (Andreasen et al. 1997); and abnormalities in synapses of the striatum indexed by a
reduction in the size of striatal spines (Roberts et al. 1996). Thus although the cerebellum
may be abnormal in schizophrenia, it is clear that it is only one of a number of brain regions

showing abnormality and it is therefore difficult to determine what the particular
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behavioural implications of the cerebellar abnormalities might be.

1.4.3.2.4 Bipolar disorder and ADHD

Vermal abnormality has also been observed in bipolar disorder and in attention-deficit
hyperactivity disorder (ADHD). DelBello et al. (1999) carried out MRI measurements of a
number of cerebellar areas in patients with bipolar disorder, and found that vermal lobules
VIII-X were significantly reduced in size in “multi-episode patients” compared to “first-
episode patients” or normal controls. Berquin et al. (1998), who looked at cerebellum size
in ADHD, found that subjects with ADHD have significantly smaller vermal lobules VIII-
X, but normal sized vermal lobules VI-VII. These findings were supported by Hill et al.
(2003) who found vermal lobules VIII-X to be significantly smaller in individuals with
ADHD and also found vermal lobules I-V to be reduced in size in these patients. Thus there
seems to be an overlap between the particular vermal regions argued to be reduced in size
in both bipolar disorder and ADHD (vermal lobules VIII-X). Future work should aim to
determine what the particular functions of these lobules are, either through fMRI studies or
through comparisons between bipolar disorder and ADHD, to investigate any shared

abnormalities in behaviour.

As was the case for schizophrenia, it is important to note that the cerebellum is not the only
abnormal brain region in bipolar disorder or ADHD. For bipolar disorder, there have been
reports of an increase in the size of the left amygdala (Brambilla et al. 2003) and of an
increase in the activity of a frontal cortical-subcortical neural system that includes the
anterior cingulate and caudate (Blumberg et al. 2000). In addition, Bertolino et al. (2003)
found indications of malfunction of the hippocampus implicated by a reduction of N-

acetylaspartate (NAA) relative signals (NAA is a marker of neuronal integrity).

For ADHD, reductions in the size of the whole brain (Castellanos et al., 1996; Hill et al.,
2003), the prefrontal cortex (Castellanos et al., 1996; Hill et al., 2003), the corpus callosum
(Semrud-Clikeman et al., 1994; Lyoo et al. 1996; Hill et al. 2003), the splenium (Hill et al.
2003), and the right globus pallidus (Castellanos et al. 1996) have been reported. In

addition, Mataro et al. (1997) found an increase in the size of the caudate nucleus in ADHD.
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1.4.3.3 Summary of the functions of the cerebellum

Consideration of functional imaging studies and studies of patients with damage to the
cerebellum has shown that both of these approaches provide useful means by which to learn
about cerebellar functions. While functional imaging methods can be used to determine
what are the functions of the cerebellum in a normal brain, patient studies can show for
which functions the cerebellum is actually necessary and in which functions the cerebellum
serves an integral role. Thus a combination of these methods is important to enhance our

understanding of what the functions of the cerebellum might be.

Summary

Considerable attention has been paid to the anatomy of the cerebellum resulting in a
comprehensive understanding of its structural make-up. The associated functions of the
cerebellum, however, are far less well understood. Although the cerebellum has long been
known to play an integral role in motor function, there have recently been strong
indications that it also plays a role in cognition. This evidence comes from both functional

imaging studies and from studies of patients with cerebellar damage.

1.5 Aims and plan of studies

The aims of the studies carried out in this thesis are to investigate the functions in which the
cerebellum may play an integral role and to investigate the more general effects of
pathology in the cerebellum on the rest of the brain and on behaviour. Two groups of
patients with different types of cerebellar abnormality are considered. One group has
acquired pathology (patients with posterior fossa tumours) and one has neurodevelopmental
pathology (Asperger’s Syndrome) of the brain. Experimental and standardized
neuropsychological tests will be used to assess a range of cognitive and motor functions in
the two patient populations and in their matched controls. Magnetic resonance imaging
techniques will also be used in order to determine the extent of abnormalities in the
cerebellum and its associated brain regions. These techniques include conventional clinical
imaging as well as voxel-based morphometric (VBM) analyses of 3D T1-weighted data sets
and of diffusion tensor images in order to look at subtle differences in grey or white matter

densities and in white matter tracts.
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1.6  Structure of thesis

This thesis is divided into seven chapters. The first chapter has provided an introduction to
the anatomical structure, circuitry and postulated functions of the cerebellum as well as
previous studies that have been carried out on patients with different types of cerebellar
abnormalities. The next chapter (Chapter 2) provides a detailed characterization of the
study sample includingr individual case historiés, parental reports of any motor or cognitive
difficulties, family histories and measures of intellectual function. Neuropsychological
investigations are described in the next two chapters. Experimental and standardized
measures of motor function (uni-manual and bi-manual tests of fine motor ability and tests
of motor learning) are presented in Chapter 3. Investigations of cognitive function
(numeracy and literacy skills, attention, working memory, visual perception, copying and
drawing, and executive function) are presented in Chapter 4. The following two chapters
detail the methods and results of the neuroimaging investigations. Chapter 5 describes the
MR characteristics of the patients with PFT, including the identification of the precise
location of the tumours and the particular cerebellar lobules affected by surgery. In
Chapter 6, abnormalities in grey and white matter densities and white matter tracts in each
of the two patient groups are reported and correlations between grey matter abnormalities
and performance on behavioural tests are described. The final chapter (Chapter 7) provides

a discussion of all the findings from this thesis as well as final conclusions.
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CHAPTER 2: CHARACTERIZATION OF THE STUDY
SAMPLE :

In this chapter, the characteristics and selection criteria for the individuals who participated
in this study are described and the results from baseline neuropsychological tests of

intellectual function are reported.

2.1  Characterization

Two patient groups participated in this study. One group had received treatment for
posterior fossa tumours (PFT) and the other consisted of individuals with Asperger’s
Syndrome (AS). Patients with PFT have acquired pathology that is apparently limited to
the cerebellum. These patients have not always had abnormal brains, they started life with
the potential to develop normal neural networks and normal cognitive and behavioural
functions. = The patients with AS, on the other hand, are believed to have
neurodevelopmental abnormalities in the cerebellum, but these abnormalities are only part
of a more widespread patterﬁ of brain pathology in these patients. Patients with AS are
thought to have had abnormal brain development right from the very beginning. By
carrying out neuropsychological and neuroimaging investigations on individuals from these
two patient populations it is anticipated that it will be possible to investigate in which motor
and cognitive functions the cerebellum plays an integral role, and also to examine the more
widespread effects on the rest of the brain of neurodevelopmental versus acquired damage

of the cerebellum.

Before describing the characteristics of each of these two patient groups, the screening
protocol and the methods for the baseline neuropsychological measures of intellectual

function will first be detailed.

2.2  Methods
The screening protocol administered in this study includes a developmental questionnaire
(see Appendices E and F) as well as measures of intellectual function. The main purpose of

the screen was firstly to control and match for IQ levels between patients and control
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groups, and secondly to exclude any individuals with developmental problems.

2.2.1 Developmental questionnaire

In order to gain an understanding of the characteristics of each of the patients who
participated in the study, parental interviews were carried out by a clinical
neuropsychologist (Professor Vargha-Khadem). The parental interview involved the
completion of the developmental questionnaires that can be found in Appendix E (patients
with PFT) and Appendix F (patients with AS and control participants), and the results of
these questionnaires are presented below. For patients with AS, an additional questionnaire
(the Australian Scale for Asperger’s Syndrome — ASAS) was administered both to confirm
the diagnosis of AS and to ensure that behaviours characteristic of AS were shown by the
individuals with AS who participated in this study. The ASAS (which can be found in
Appendix G) is described in some detail in Section 2.3.4 below. Parental questionnaires
are subject to bias due to the tendency of individuals to acquiesce or to provide socially
desirable responses (Barker et al., 2002) and the results of the questionnaires included in
this study will therefore be interpreted with caution. Nevertheless, it was important to
administer these questionnaires as they were the most reliable means by which it was

possible to gain an understanding of the early patterns of development of the participants.

2.2.2 Measures of intellectual function

The age-appropriate Wechsler Intelligence Scale (WISC-III, Wechsler, 1992; WAIS-R,
Wechsler, 1986) was administered to determine full-scale (FIQ), verbal (VIQ) and
performance (PIQ) IQs of each of the patients and the controls. These assessments
comprise the following subtests: picture completion, information, coding, similarities,
picture arrangement, arithmetic, block design, vocabulary, object assembly, comprehension,
symbol search and digit span. In addition, the mazes subtest from the WISC-III was
administered to all participants and the matrices subtest of the WAIS was administered to
all those participants over 17 years of age. Descriptions of the subtests of the WISC and
WAIS can be found in Appendix H.
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2.2.3 Statistical analyses

In order to investigate whether there were any significant differences between the mean
scores of each of the patient groups and their controls on the measures of intellectual
function, independent sample t-tests were carried out between patients with PFT and their

matched controls and between patients with AS and their matched controls.

In order to investigate whether there were any within-group differences in the patients with
PFT related to the location of the tumour (left hemisphere, right hemisphere or midline
tumour), within-subject analyses were carried out. ANOVAs with repeated measures
design were computed for all those tasks with repeated conditions and one-way ANOVAs
were computed for the remaining single-condition tasks. Any significant interactions were

investigated post-hoc using Tukey’s test.

Finally, in order to determine whether there were any effects of age at pathology or time
since pathology, correlation analyses (Pearson’s) were carried out separately between each
of these measures and each of the measures of intellectual function for the patient group

with PFT.

Both simple t-tests and ANOVAs assume that the data are normally distributed and that
there is homogeneity of variance. These assumptions were checked using the Shapiro-
Wilcox test for normality and Levine’s test of homogeneity of variance. If either
assumption was violated on a particular test, then the data were log transformed (log,) and
the assumptions re-checked. If there were still violations, then non-parametric (Mann-

Whitney U) tests were carried out.

Interpretation

The nature of this study is such that many statistical analyses were carried out, testing a
large number of predictions, and using small sample sizes. Multiple comparison adjustment
was not performed. Instead, a cut-off of p<0.05 was chosen as a mechanism for flagging
potential problematic motor and cognitive functions in the patient groups which will require

further investigation in future studies. Any significant findings at this level (p-values <0.05)
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will be interpreted with caution. Where there were strong expectations of effects, p values

in the range 0.05 - 0.1 will also be commented upon.

2.2.4 Ethical approval

Ethical approval for this project was sought from the Great Ormond Street
Hospital/Institute of Child Health Ethics Committee and this was granted on 5™ August
2002. The ethics committee required consent forms to be produced both for the parents of
the children participating in the project and for the children and adolescents themselves
(these can be found in Appendices E and F). These were presented to the participants and
their parents at the beginning of their visit when the project was being described, and the
consent forms were completed before any testing was carried out in order to ensure that

both the parents and the participants knew exactly what their ethical rights were.

Given that the project involves the use of personal data, it was also registered with the
Great Ormond Street Hospital (GOSH) data protection officer who provided details of the
GOSH data protection guidelines. In line with these guidelines, the personal data were
coded using unique identifiers so that the data remained anonymous and participants could
not be identified. The key to these data was kept in a password-protected computer to
which only one person (Bryony Whiting) had access.

Having described the methods used to gain information about the characteristics of
individuals in each of the patient groups and their matched control groups, these
characteristics will now be reported. The characteristics (including the levels of intellectual
function) of the patients with PFT and their controls will first be reported and then the
characteristics of the patients with AS and their controls will be detailed. The chapter will

end with a discussion and a summary of the findings.

2.3  Results
2.3.1 Patients with PFT
Fifteen children and adolescents who had been treated for posterior fossa tumours (PFT)

participated in this study. There were eight females and seven males ranging in age from 8-
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20 years at the time of testing (see table 2.1). All of the participants had been treated for
cerebellar astrocytomas at Great Ormond Street Hospital in London between the years 1986
to 2001. Participation was voluntary and individuals were excluded if they had undergone
any chemotherapy or radiation treatment, if they had any abnormal development prior to
the symptoms of the tumour (determined by looking at medical records and from the
parental questionnaire that is described below), if they had any additional neurological or
psychiatric diagnosis (including epilepsy, attention deficit hyperactivity disorder (ADHD)
and autism) and if their tumours, and post-surgical brain abnormalities, were not limited to
the cerebellum alone. In addition, patients were recruited at least two (and up to 16) years
post-surgery to ensure that the short and medium-term effects of the tumour and surgery

had dissipated.

Altogether thirty patients were approached to enquire whether they would be willing to
participate in the study. They were each sent an information sheet (see Appendix K) to
give them details about what the study would involve. These thirty patients were selected
from the hospital records of over 100 children who had undergone surgery for posterior
fossa tumours from 1986 to 2001. They were selected on the basis of the criteria outlined
above. Out of these thirty patients, fifteen individuals agreed to take part in the study.

The patients with posterior fossa tumours can be broken down into three sub-groups on the
basis of the location of their cerebellar pathology (left hemisphere, midline or right
hemisphere) and details of all of these patients can be found in Table 2.1 below. It is
important to note that some of the patients had pathology that overlapped both hemisphere
and midline and these are indicated with a * in Table 2.1. The criterion for allocating
individuals to the tumour location subgroups which will be used throughout this thesis is
that patients were allocated to the midline pathology group only if they had damage limited
to the midline alone. If there was any pathology of either of the cerebellar hemispheres,

then patients were allocated to the relevant hemisphere pathology subgroup.
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Table 2.1: Details of the patients with PFT

PFT1 Left hemisphere Right Female 12y 11m 17y 6m 4y 6m 86 81 94

PFT2 Left* hemisphere Right Female 7y 3m 11y 6m 4y 2m 66 72 66
PFT3 Left hemisphere Right Female Sy 6m 13y 9m 8y 3m 104 100 109
PFT4 Left hernisphere Right Male Sy 6m 13y 8m 8y Im 100 104 94
PFT5 Left hemisphere Right Male 7y Tm 9y 1lm 2y 3m 92 90 96

PFT6 Midline Right Female 15y 2m 18y 10m 3y 8m 103 101 105

PFT7 Midline Right Female 2y 9m 19y 6m 16y 9m 94 95 91
PFTS8 Midline Right Female 4y 7m 12y 11m 8y 4m 120 131 101
PFT9 Midline Left Female 11y 10m 20y Om 8y Im 80 85 78
PFT10 Midline Left Male 11y 2m 13y 3m 2y Im 85 88 85

PFT11 Right* hemisphere Right Female 6y 3m 8y 8m 2y Sm 125 129 112

PFT12 Right hemisphere Right Male 2y 2m 12y 9m 10y 7m 89 89 92
PFT13 Right hemisphere Right Male ly 9m 8y 10m 7y Im 123 140 110
PFT14 Right hemisphere Left Male 11y 7m 15y Om 3y Sm 104 109 96
PFT15 Right* hemisphere Left Male 4y 2m 14y 8m 10y 6m 91 103 78

Results of the Developmental Questionnaire from the parental interview for patients
with PFT

The developmental questionnaire was completed during the parental interview carried out
by a clinical neuropsychologist (Professor Vargha-Khadem), and the results of this
questionnaire are divided into three sections. The first section provides a summary of the
symptoms experienced prior to surgery and the subsequent presentation following surgery
for each of the patients with PFT. The information provided in this section is a compilation
of the results from Sections 1 (School and Education), 2 (Developmental milestones) and 4
(Medical) of the questionnaire as well as details from the hospital medical records for each
of the patients. The second section examines parental reports of motor and cognitive

function from Sections 1 (School and Education), and 3 (motor abilities) of the
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questionnaire. The third and final section summarizes the results of Section 6 (Family),
detailing which patients had a family history of psychiatric disorders, neurological

problems, learning difficulties or any speech, language or motor difficulties.

1. Symptoms prior to surgery and presentation since surgery
Table 2.2 provides a summary of the neurological and medical, motor, affective (changes in
temperament) and behavioural symptoms that were reported in each of the patients with
PFT before surgery.

Table 2.2: Symptoms of patients with PFT before surgery

et

PFT1 Headaches, vomiting, double vision Bumped into objects

PFT2 Headaches and vomiting

PFT3  Headaches and vomiting in morning Poor balance when walking Poor concentration

PFT4  Headaches, vomiting in morning, nausea all day Clumsiness Tearful, annoyed

PFT5S Increasingly bad headaches, associated vomiting in
morning

PFT6  Headaches, sickness in morning, vomiting most days

PFT7  Headaches and some vomiting Ataxia

PFT8  Woke up early every morning to vomit Poor balance + coordination

PFT9  Three months of headaches, fatigue, vomiting

PFT10 Headaches all day. Sickness in morning with projectile
vomiting. Diplopia + papilloedema

PFT11 Headaches and vomiting in morning Poor balance (fell off bike);
writing became very small

PFT12 Headaches and vomiting in morning Tremor, unable to stand

PFT13 No vomiting Unsteady on feet, eventually

unable to walk

PFT14 Mild headaches which were long lasting

PFT15 Headaches all day, vomiting in morning. Balance problems, poor motor
actions (couldn’t hold pencil,
run or jump).

This table shows that headaches and vomiting, particularly in the morning, are common
symptoms in almost all of the patients with PFT. In addition, nine patients showed motor
problems prior to surgery, one patient showed changes in affect and one showed poor

concentration skills.

Table 2.3 provides a summary of the presentation of patients with PFT after surgery in
terms of any neurological or medical, motor, memory, language, affective or temperament

problems that were reported.
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Table 2.3: Presentation of patients with PFT since surgery

No longer bumps into

Lack of confidence; depressed;

PFT1
objects loses temper quickly + for no
reason; no control of mood
swings, remorseful + upset after

PFT2 Less clumsy Was quiet and withdrawn but

happier since surgery

PFT3 Movement good, but pencil ~ Problems with Loses temper for no reason (but

grip is awkward. Sheis word-findingand  temper tantrums stopped since

county tennis player. expressing surgery). Problems with logic
herself. Lazy (e.g. maths — used to be very
speech good, now has severe problems)

PFT4 Mood swings — improving

gradually

PFTS Unclear whether right or Short-term Withdrawn; frustrated during

left handed before surgery. = memory following year and would lose

Now hardly uses left hand problems temper for no reason. Started
sleep walking and has “night
terror”

PFT6  Nausea, vomits most Unsteady gait Word-finding Lack of control of temper
mornings problems

PFT7  Rickham’s reservoir in situ  Initially couldn’t use right Problems with

hand and compensated with  speech — received
left; balance problems; odd  speech therapy
pencil grip for some years

PFT8  Double vision for ten days; - Serious tremor in right Lack of empathy and bad at
unable to read stationary hand. Bad at catching and predicting other people’s
stimuli when she is moving  kicking reactions. Lack of motivation
(e.g. road signs from
moving car)

PFT9  Changed handedness (was Poor movement of right Short-term Episode of extreme anxiety post-
right, now left); Mild hand + leg. Leg improved, = memory surgery. Withdrawn and less
nystagmus, now resolved; hand still very weak. Poor  problems “bubbly” than before surgery.
bad circulation; migraines coordination

PFT10 Memory Better mood; improved temper

problems

PFT11 Headaches once a month Problems with balance, Period of intense anger for 10-12

coordination and months post-surgery; very
clumsiness serious pre-surgery, now less
tensethappier.

PFT12 Nausea in the morning Tremor stopped Pre-surgery could Loses temper quickly — aware of

immediately after surgery put four or five this but unable to control it
and balance came back; words together,
right side of body is weaker  post-surgery only
two or three
PFT13 Had to learn to walk again. More angry since surgery
Problems with coordination

PFT14 No problems

PFT15 Changed handedness (was Slight hand tremor; balance Very bad-tempered, frustrated
right, now left) problems; problems and self-critical after surgery at

holding pencil and using
knife and fork

age 5-6, now improved.
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This table shows that the headaches and associated vomiting dissipated in most of the
patients after surgery. Motor problems, although many of these are different from those
reported before surgery, are still present in 10 out of the 15 patients. The most striking
difference between the presentation of the patients before and after surgery, however, is in
affective problems. There were only two reports of affective problems prior to surgery;
however after surgery, problems with affect are reported in 12 out of the 15 patients. These
problems are most commonly in the form of shortness of temper which individuals are
aware of but cannot seem to control. Patients report that they lose their temper over very
trivial matters, that they know when it is going to happen, but that they are unable to do
anything about it.

2. Parental reports of motor and cognitive function

a) Cognitive function
Five of the patients with PFT (patients PFT3, PFT5, PFT9, PFT10, PFT12) were reported
by their parents to have problems with memory, particularly with short-term memory.
Only one of the patients with PFT (patient PFT3) was reported by their parents to have
problems with language. This suggests that at least some patients with PFT may have
particular difficulties with the tests of memory that will be administered in this study.

b) Motor function
Table 2.4 shows which patients were reported by their parents to have problems with a
number of different motor functions either before (v/pre) or after (v post) surgery (an X
indicates that no problems were reported either before or after surgery; tumour locations are
abbreviated as follows: LH = left hemisphere, V = vermis (midline), RH = right

hemisphere).
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Table 2.4: Parental reports of types of motor problems in patients with PFT

PFT1

X X X X X

PFT2 LH pre /pre X X X X X </pret+post
PFT3 LH X X X X X X X X
PFT4 LH X X X X X X X /pre
PFT5 LH /pre X /pre X X X X pre
PFT6 \Y +/post X /post X +/post X X v/post
PFT7 \Y X +/post X X v/post X X +/post
PFT8 \Y /post X +/post +/post v/post 4 X /pret+post
PFT9 \% /post /post +/post +/post +/post /post /post /post
PFT10 A\ X X X X X X X X
PFT11 RH +/ post X Jpost +/post  +/post X X Jpost
PFT12 RH /post /pre X +/post +/post +/post +/post X
PFT13 RH X X X X X X X X
PFT14 RH X X X X X X X X
PFT15 RH +/post /post X X \/post /post /post X

The table shows that before surgery, out of fifteen patients with PFT, two were reported to
have problems with writing, two with climbing, one with catching and four with clumsiness,
but none were reported to have problems with kicking, hopping or doing up buttons or shoe
laces. After surgery, six patients were reported to have problems with writing, three with
climbing, four with catching, four with kicking, seven with hopping on one leg, three with
doing up buttons, three with doing up shoe laces and six with clumsiness. Only three out of
the fifteen patients were not reported to have problems with any of these aspects of motor
abilities. These parental reports indicate that motor difficulties are commonly seen in these
patients with tumours in the posterior fossa region and that these difficulties are particularly
prominent post-surgery. It is interesting to note that the motor difficulties before surgery in
patients PFT2, PFT4, PFT5 and PFT12 tended to disappear after surgery. On the other
hand, a number of patients who did not suffer from motor problems before surgery did

report motor difficulties after surgery.
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3. Family histories
None of the patients with PFT had evidence of psychiatric disorders, neurological problems,
learning difficulties or any speech, language or motor difficulties in their immediate

families.

Summary of the characteristics of the patients with PFT

Fifteen patients who had received treatment for posterior fossa tumours (astrocytomas) in
the cerebellum participated in the study. The patients were subdivided on the basis of
clinical scans and medical notes at surgery into three subgroups related to the location of
their tumour: left hemisphere (n = 5), right hemisphere (n = 5) and midline (n =5). The age
range was from eight to twenty years, the age at surgery ranged from 1:9 to 15:2 years and
the time since surgery ranged from 2:1 to 16:9 years. Parental reports suggested that these
patients may have difficulties with motor functions and memory, and with affect,

particularly with temper-control.

2.3.2 Controls for patients with PFT

Ten normally developing children were selected to act as controls for the patients with PFT.
They were each sent an information sheet (see Appendix K) to give them details about what
the study would involve. The controls were recruited through local schools and were
screened with regard to IQ, age and sex so that they could be group-matched to the patients
with PFT. Individuals were excluded if they did not have English as their first language, if
they had any neurological or psychiatric diagnosis, or they had any history of dyslexia or

dyspraxia (as determined by the parental questionnaire — see Appendix F).

Altogether, 15 possible age-matched controls were approached out of which 10 were
identified as appropriate to participate in the study. It should be noted that although the
lowest IQ within the group with PFT was 66, the lowest measure of IQ for a control
participant that was deemed acceptable for the study was 80. This is because individuals
with IQs lower than 80 are more likely to have some form of neurological impairment and

they can therefore not necessarily be considered to be “normal” controls.
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The mean IQs and the ages at assessment (as well as the standard deviations and ranges) of

the controls and the patients with PFT are shown in table 2.5.

Table 2.5: Mean FSIQ, VIQ, PIQ and age at assessment of patients with PFT and their matched controls

Mean FSIQ 97.5 (sd=16.4, range 66-125) 98.8 (sd=13.3, range 81-122)

Mean VIQ 101.1 (sd=19.4, range 72-140) 98.4 (sd=13.7, range 83-119)
Mean PIQ 93.8 (sd=13.0, range 66-112) 99.8 (sd=12.2, range 82-121)
Mean age at assessment  13.5 (sd=3.8, range 8-20) 14.6 (sd=4.0, range 9-20)

In order to confirm that the PFT controls had been successfully age-matched to the patient
group with PFT, between-group statistical analysis (t-tests) was carried out on the age at
assessment. The results showed that there was no significant difference in age at

assessment between patients with PFT and their controls (t = -0.6; df = 23; p = 0.5).

The same developmental questionnaire that was administered to the patients with AS (see
Appendix F) was also administered to the control participants (this questionnaire was also
essentially the same as that administered to the patients with PFT with the exception of the

section on medical history which was minimised for patients with AS and controls).

The results of the developmental questionnaire are divided into two sections for the control
participants. The first section involves parental reports of motor and cognitive function
from Sections 1 (School and Education), and 3 (motor abilities) of the developmental
questionnaire. The second section summarizes the results of Section 6 (Family), detailing
which patients had a family history of psychiatric disorders, neurological problems,

learning difficulties or any speech, language or motor difficulties.

1. Parental reports of cognitive and motor function in PFT controls

a) Cognitive function: None of the PFT controls were reported by their parents to
have problems with memory or language.

b) Motor function: None of the PFT controls were reported by their parents to have

problems with motor function.
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25 Family histories
There were no reports of psychiatric disorders, neurological problems, learning difficulties
or speech, language or motor difficulties in the first degree relatives of PFT controls. These

parental reports are thus consistent with the entry criteria detailed above.

2.3.3 Intellectual function in patients with PFT and their controls
The mean IQs for the patients with PFT and the controls were provided in Table 2.5 above.

Statistical analysis showed that there was no significant difference between patients with
PFT as a group and their controls on any of the measures of IQ: FIQ (t =-0.2; df =23;p =
0.833), VIQ (t= 0.4; df = 23; p = 0.703), PIQ (t =-1.2; df = 23; p = 0.259), indicating that
the groups had been satisfactorily matched on IQ. The mean IQs for the tumour location

subgroups are shown in Table 2.6.

Table 2.6: Mean full-scale IQ (FIQ), verbal IQ (VIQ) and performance IQ (PIQ) for the tumour
location sub-groups

Left hemisphere PFT (n = 5) 89.6 (14.9) 89.4 (13.2) 91.8 (15.7)

Right hemisphere PFT (n = 5) 106.4 (17.1) 114.0 (20.4) 97.6 (14.0)
Midline PFT (n = 5) 96.4 (15.9) 100.0 (18.4) 92.0 (11.1)
Mean (sd)

It is interesting to note that there is a discrepancy between the mean VIQ and PIQ for the
patient group with PFT in favour of the former (see Table 2.5). In order to investigate
whether this was due to one particular tumour location subgroup more than the others,
paired sample t-tests were carried out between PIQ and VIQ scores for each of the tumour
location subgroups separately. The results showed that there was no significant difference
between these two measures of IQ for the left hemisphere subgroup (t = -0.541, df =4, p =
0.617) or for the midline subgroup (t = 1.382, df = 4 p = 0.239), but there was a significant
difference for the right hemisphere subgroup (t = 2.883, df = 4, p = 0.045). The
discrepancy between PIQ and VIQ for the patients with PFT as a group is primarily a
reflection of the large discrepancy between PIQ and VIQ (with VIQ being approximately
16 points higher than PIQ) in the subgroup of patients with right hemisphere pathology.

Further analysis of the patient sub-groups with PFT (one-way ANOVA between patients

with left hemisphere, right hemisphere and midline pathology) showed that there was no
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significant difference between the performance of the patients in each of the tumour
location subgroups on any of the measures of 1Q: FIQ (F(2,14) = 1.399, p = 0.284), PIQ
(F(2,14) =2.451, p = 0.128), VIQ (F(2,14) = 0.287, p = 0.755).

The standardized scores for the performance of the patients with PFT and their controls on
each of the subtests of the WISC and WAIS were analysed separately in order to examine
performance on each individual task. The subtests are divided into those used to calculate
verbal IQ (see Table 2.7), those used to calculate performance IQ (see Table 2.8) and the
remaining subtests which are not directly used to determine IQ measures but can provide

useful indicators of domains indirectly related to intelligence (see Table 2.9).

Table 2.7: Mean standard score on verbal IQ subtests for patients with PFT and controls

PFT 10.47 (4.37) 10.60 (3.48) 10.67 (3.56) 10.33 (3.52) 8.87 (2.92)

Control 10.00 (3.09) 10.70 (3.23) 9.00 (4.30) 9.90 (2.73) 9.10 (1.85)
Mean (sd)

Statistical analysis using independent sample t-tests showed that there was no significant
difference between the performance of patients with PFT and controls on any of the verbal

1Q subtests.

Table 2.8: Mean standard score on performance I1Q subtests for patients with PFT and controls

PFT 9.531(2:39) 8.87 (2.42) 8.87 (3.00) 9.80(3.30) 8.00 (2.56)

Control 10.20 (1.93) 11.70 (2.95) 9.60 (2.37) 9.30 (2.83) 8.30(1.89)
Mean (sd)

Statistical analysis using independent sample t-tests showed that the only performance
subtest for which there was a Signiﬁcant difference between patients with PFT compared to
controls was the coding subtest (Mann Whitney U: z = -2.467, p = 0.014), on which
patients with PFT performed more poorly than controls.

Table 2.9: Mean standard score on remaining IQ subtests for patients with PFT and controls

PFT 9.73 (2.52) 8.20 (2.31) 10.67 (3.72) 10.25 (2.87)
Control 11.22 (1.64) 8.00 (3.20) 10.44 (2.67) 11.50 (0.58)
Mean (sd)
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Statistical analysis using independent sample t-tests showed that there was no significant
difference between the performance of patients with PFT and controls on any of the

remaining IQ subtests.

Taken together, these results show that the only IQ subtest on which patients with PFT
performed particularly poorly is the coding subtest. Further analysis of the patient sub-
groups (one-way ANOVA between patients with left hemisphere, right hemisphere and
midline pathology) showed that there was a significant interaction between location of
tumour and performance on the vocabulary subtest (F(2,12) = 4.277, p = 0.040) and weak
evidence for a significant interaction between location of tumour and performance on the
comprehension subtest (F(2,12) = 3.604, p = 0.059). The mean scores for each of the PFT

tumour location sub-groups on these two subtests are shown in Table 2.10 below.

Table 2.10: Mean scores on the vocabulary and comprehension subtests for PFT sub-groups

LH damage 8.40 (1.82) 6.60 (2.61)

Midline damage 9.20 (2.28) 9.20 (2.95)
RH damage 13.40 (4.10) 10.80 (1.79)
Mean (sd)

Patients with left cerebellar hemisphere damage performed more poorly than the other two
groups on both the vocabulary and comprehension subtests, whereas those with right
hemisphere damage performed best on these tasks. Post hoc analysis (Tukey’s test) showed
that for the vocabulary subtest, there was a significant difference between those with left
hemisphere and those with right hemisphere damage (p = 0.045) and weak evidence for a
significant difference between those with right hemisphere and those with midline damage
(p = 0.096). For the comprehension subtest, there was weak evidence for a significant
difference between those with left hemisphere and those with right hemisphere damage (p =
0.051).

Summary of IQ results for patients with PFT and controls
Statistical analyses showed that control subjects were well matched on IQ and age to the

patients with PFT. Analysis of performance on the IQ subtests showed that patients with
PFT performed significantly more poorly than controls on the coding subtest. Within the
patient group with PFT, the subgroup with pathology of the left cerebellar hemisphere
performed poorly on the vocabulary and comprehension subtests of the WISC/WAIS.
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Effects of age at surgery for patients with PFT
Correlation analyses aimed at examining the relation between age (in months) at surgery

and each of the measures of IQ (FSIQ, VIQ and PIQ) showed no significant effects.
Correlation analyses were then performed between age at surgery and the results of each of
the sub-tests of the WISC/WAIS described above. The results showed that there was a
significant negative correlation between age at surgery and performance on the mazes
subtest of the WISC (Pearson correlation coefficient = -0.519, p = 0.047) and weak
evidence for a significant negative correlation between age at surgery and performance on
the arithmetic (Pearson correlation coefficient = -0.483, p = 0.068) and vocabulary (Pearson
correlation coefficient = -0.451, p = 0.092) subtests of the WISC/WALIS.

Effects of time since surgery for patients with PFT
Correlation analyses were also performed between time in months since surgery and each

of the measures of 1Q and each of the sub-tests of the WISC/WAIS. The only significant
finding was a negative correlation between time since surgery and performance on the

coding subtest of the WISC/WALIS (Pearson correlation coefficient = -0.517, p = 0.049).

2.3.4 Patients with AS
Fourteen individuals with Asperger’s Syndrome (AS) participated in the study (see table

2.11), all of whom had received a diagnosis of AS from independent clinicians (including

clinical psychologists, psychiatrists and paediatricians).

Table 2.11: Details of the patients with AS

Male Right 16y 3m 106 98 116

AS1

3
AS2 4 Male Right 16y Om 97 96 99
AS3 4 Male Right 13y 2m 102 108 95
AS4 6 Male Right 11y 6m 115 123 101
ASS 7y Male Right 8y 2m 106 122 82
AS6 10 Male Left 12y 7m 116 99 125
AS7 10 Male Right 15y 5m 111 102 121
AS8 10 Male Right 12y 10m 118 133 95
AS9 11 Male Right 19y Om 109 111 106
AS10 13 Male Right 18y 4m 116 119 109
AS11 14 Male Left 18y 3m 929 103 94
AS12 ?2 Male Left 14y 6m 104 95 115
AS13 ? Male Right 16y 7m 107 133 76

AS14 ? Female Right 13y 2m 135 122 142
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The participants with AS included 13 males and one female. Eleven of these patients had
taken part in a previous study at the Institute of Child Health (as part of a PhD project
carried out by Claire Salmond entitled, “Investigating the role of the medial temporal lobes
in autism”), the remaining three (patients ASS, AS8 and AS9) were recruited through an
advertisement placed on the Autinet website (http://www.iol.ie/~wise/autinet/). Each
patient was sent an information sheet (see Appendix K) to give them details about what the

study would involve.

Participation was voluntary and individuals were excluded if they had any additional
neurological or psychiatric diagnosis (including epilepsy, dyspraxia, ADHD and fragile X
syndrome) and if they did not have average verbal IQ (>85) and/or age appropriate
academic performance. Altogether, four possible participants could not be included in the

study: two had ADHD and two had dyspraxia in addition to AS.

Further to the requirement of a clinical diagnosis of AS, parental interviews were carried
out by a clinical neuropsychologist (Professor Vargha-Khadem) and the Australian Scale
for Asperger’s Syndrome was completed in order to obtain a characterization of the type of
autistic behaviours that were typical for each individual. The results of both the parental

interviews and the Australian Scale for Asperger’s Syndrome are outlined below.

1. Developmental questionnaire results from parental interview

The parental interview involved the completion of the developmental questionnaire that can
be found in Appendix F. The results of the developmental questionnaire are divided into
three parts. The first part provides case histories for each of the patients with AS, including
any parental reports of memory or language problems. The information for this part comes
from Sections 1 (School and Education) and 2 (Developmental milestones) of the
developmental questionnaire. The second part looks at parental reports of motor function
which come from Section 3 (motor abilities). The third and final part summarises the
results of Section 6 (Family), detailing which patients had a family history of psychiatric
disorders, neurological problems, leaming difficulties or any speech, language or motor

difficulties.
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a) Case histories

Table 2.12 provides a summary of any history of medical, memory, language, affective or

temperament problems in the patients with AS.

Table 2.12: Summary of case histories of patients with AS

Cord tied around neck at birth and needed resuscitation,

Parental reports of

Didn’t like being held

breathed within 1 minute of birth; slept very badly as a language problems as a baby.
baby; blocked tear duct, ear infections, gromits fitted
three times and on antibiotics during first 2 years.
AS2 Slept very badly as a baby Parents reports of
language problems
AS3 Bad chest infection, ear infections and colds during first ~ Parental reports of Withdrawn; sometimes
two years; received antibiotics. memory and language wild and aggressive
problems; lost hearing
and speech from age 2.
AS4  Normal delivery at 36 weeks. Slept very badly as a Parental reports of
baby language problems
ASS Would not take solid foods Parental reports of
memory problems
AS6 Delivered by emergency c-section at 35 weeks because Parental reports of
of pre-eclampsia. Slept very badly as a baby language problems
AS7 Constant ear infections in first two years. Diagnosed Parental reports of
with 25% hearing loss aged 4; with asthma aged 2 memory and language
problems; diagnosed
with word accessing
problems aged 6.
AS8 Slept very badly as a baby. Diagnosed with Irlen Parental reports of
Syndrome aged 8 — problems with peripheral vision language problems
corrected with coloured lense glasses
AS9 Slept very badly as a baby; febrile convulsions until Parental reports of
about age 8. memory problems;
diagnosed with mild
dyslexia aged 18
AS10 Parental reports of
memory and language
problems; late to start
speaking, immature
speech at age 3.
AS11 Delivered by emergency c-section at 37 weeks due to Parental reports of
foetal distress. Slept very badly as a baby; projectile memory problems
vomiting until 15 months; didn’t like taste of many
foods
AS12  In distress before birth, but normal delivery. Bronchitis  Parental reports of
at 20 months memory problems
AS13 Delivered by emergency c-section at 36 weeks; special No parental reports of High anxiety levels

care baby unit; jaundice treated with bilirubin. Glue ear
and grommets in first 2 years. Slept very badly from
age 3 months-11 years

memory or language
problems
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AS14  Ventouse delivery at term. Renal problems and failure Parental reports of
to thrive from 4 months — on antibiotics; problems with ~ memory and language
solid foods; pneumonia at 15 months problems

The table shows that the patients with AS experienced a variety of medical problems which
appeared to be particularly prominent during the first couple of years of life and many of
these individuals slept very badly as babies. Out of the fourteen patients with AS, eight
were reported by their parents to have difficulties with memory and nine were reported to
have difficulties with language. This suggests that the patients with AS are likely to have
difficulties with some of the neuropsychological measures of memory and language ability
that will be administered in this study. It is interesting to note that not all of the patients
with memory problems have language problems, and vice versa, indicating that the two do

not necessarily occur together.

b) Motor function
Table 2.13 below shows which patients were reported by their parents to have problems

with aspects of motor functions.

Table 2.13: Parental reports of types of motor problems in patients with AS

el

AS1 X X X X X

AS2 X N X X NG v v v
AS3 o X X X N N N v
AS4 X X N NG X v N v
AS5 N X N N v N v N
AS6 v v X X v v v v
AS7 N X X N Vi X X X
AS8 20 X NG v v X X v
AS9 N X X N X afi v X
AS10 NG X NG X X X v v
AS11 N X v v v v v N
AS12 X X X X X X X X
AS13 X i i v X v v v
AS14 v v N N v v v v
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The table shows that out of the fourteen patients with AS, nine were reported to have
problems with writing, four with climbing, seven with catching, eight with kicking, eight
with hopping on one leg, nine with doing up buttons, ten with doing up shoe laces and ten
with clumsiness. These parental reports indicate that it is likely that patients with AS will
have difficulties with some of the measures of motor function that will be administered in

this study.

2. Family histories
Table 2.14 below summarises the incidence of psychiatric disorders, neurological problems,
learning difficulties or any speech, language or motor difficulties in the immediate family

(first degree relatives) of any of the patients with AS.

Table 2.14: Family history of first degree relatives of patients with AS

AS1 Father, mother and younger brother all dyslexic

AS3 Two older brothers on autistic spectrum, older sister has autistic symptoms and possibly dyslexia. Mother
has had nervous breakdown.

AS4 Brother brain-damaged after chicken pox, Broca’s area damaged

ASS Unstable mother

AS9 Older sister has AS; father has bipolar disorder and possibly schizophrenia

AS10 Older brother and mother are dyslexic, younger brother has dyscalculia

AS11 Mother has speech problems and used to see speech therapist

AS12 Mother and father have both had depression. Social worker believes father has AS

AS14 Father has AS; 3 younger brothers all on autistic spectrum (one also has semantic pragmatic disorder)

The remaining five patients with AS had no immediate family history of psychiatric
disorders, neurological problems, learning difficulties or any speech, language or motor
difficulties. Nevertheless, the fact that nine out of fourteen patients did report problems
indicates that there is a high incidence of psychiatric disorders and learning difficulties in

the families of the patients with AS.

The Australian Scale for Asperger’s Syndrome

The Australian Scale for Asperger’s Syndrome (ASAS, Garnet and Attwood, 1997) is a
parental behaviour checklist that aims to identify which characteristics representative of
Asperger’s Syndrome are present in an individual child. The ASAS (which can be found in

Appendix G) is divided into six sections (A-F). Parents are asked to give a rating from 0
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(rarely) to 6 (frequently) to show how often their child carries out the behaviour described
in each of sections A-E. For section F, parents are asked to answer yes or no to show
whether or not their child has ever shown any of the characteristics described. The sections

of the ASAS are described below:

A: Social and emotional abilities

This section assesses the understanding of how to play, the understanding of social
conventions, awareness of other people’s feelings and ideas, empathy and displays of
emotion and interaction with peers. There are 10 questions in this section, and the
maximum score is 60.

B: Communication skills

The second section asks for ratings of literal understanding, unusual eye-contact or tone of
voice, lack of reciprocal conversation and pedantry. There are six questions in this section
and the maximum score is 36.

C: Cognitive skills
The next section is about memory, reading and imaginative play. There are three questions
in this section and the maximum score is nine.

D: Specific interests
Section D assesses preoccupations, dislike of change, routines and rituals. There are three
questions in this section and the maximum score is nine.

E: Movement skills
The next section concerns odd gait and poor co-ordination. There are two questions in this
section and the maximum score is six.

F: Other characteristics
The final section looks at fears and phobias, sensitivity to pain and motor mannerisms.
There are ten measures for this section and the maximum score is six.

The individual ratings for the patients with AS on sections A-E of the ASAS are presented
in Table 2.15 as well as the mean scores for the AS group and for the AS controls (details
of the AS controls are provided in Section 2.3.5; however their scores on the ASAS are
presented here in order to illustrate the relative level of the scores of the patients with AS
compared to normal controls). For the ASAS, a higher score indicates a greater tendency to

show behaviours known to be characteristic of Asperger’s Syndrome.
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Table 2.15: Parental ratings of patients with AS on sections A-E of the ASAS and mean ratings for patients with
AS and AS controls

AS1 42 21 15 i3 i
AS2 45 27 17 13
AS3 57 36 16 12 8
AS4 44 31 14 13 10
AS5 49 36 18 18 12
AS6 47 27 15 17 10
AS7 43 29 7 10 6
ASS 47 31 14 12 12
AS9 53 25 15 13
AS10 40 24 9 9
AS11 57 31 16 16 11
AS12 33 11 9 6 1
AS13 46 2 10 15 12
AS14 46 17 11 17 12
i 4636 26.29 13.29 13.14 8.29
MEAN
Aiﬁ;’:g " 7.14 3.57 37 3.29 0.29

The ratings for the patients with AS and their controls on sections A-E of the ASAS are

presented in Figure 2.1 below.

Figure 2.1: Ratings for patients with AS and controls on These results show that, as expected,
sections A-E of the ASAS

patients with AS obtained much higher

-y ratings than controls on each of sections
. o A-E of the ASAS. This indicates that the
§ - o | patients  with  AS  have  more
: ?g characteristics thought to be

] representative of this developmental

disorder than do the control participants.

Table 2.16 shows the ratings for patients with AS and their matched controls on section F
of the ASAS.
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Table 2.16: Ratings for patients with AS and controls on section F of the ASAS

1
Light touch on skin or scalp 10 0
Wearing particular items of clothing 10 0
Unexpected noises 1
Seeing certain objects 0
Noisy, crowded places 10 1

Tendency to flap or rock when excited

Lack of sensitivity to low levels of pain

Late in acquiring speech

W W] oo| oo
(=3 Rl R N

Unusual facial grimaces or tics

These results show that a much larger proportion of patients with AS than control
participants were reported by their parents to show abnormal fears, phobias, motor

mannerisms and sensitivity to pain.

Summary of the characteristics of the patients with AS

Fourteen patients who had a clinical diagnosis of Asperger’s Syndrome participated in this
study. The age range was from eight to nineteen years. Parental reports suggested that
these patients may have difficulties with memory, language and motor functions and also
that they show a variety of unusual characteristics relating to the understanding of social
conventions (empathy and displays of emotion), communication (unusual eye-contact or
tone of voice, pedantry and lack of reciprocal conversation), unusual fears, phobias, motor

mannerisms, sensitivity to pain, and a tendency to be obsessed with specific interests.

2.3.5 Controls for patients with AS

Ten normally developing control children were selected to act as controls for the patients
with AS (none of these were the same individuals who acted as controls for the patients
with PFT). They were each sent an information sheet (see Appendix K) to give them
details about what the study would involve. The controls were recruited through local
schools and were screened with regard to IQ so that they could be group-matched on
chronological age, sex and full-scale IQ to the patients with AS. Individuals were excluded

if they did not have English as their first language, if they had any neurological or
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psychiatric diagnosis or they had any history of dyslexia or dyspraxia (as determined by the

parental questionnaire — see Appendix F).

Altogether, 13 possible age-matched controls were approached out of whom 10 appropriate
matches were identified. The mean IQs and the ages at assessment (as well as the standard

deviations and ranges) of the controls and the patients with AS are shown in table 2.17.

Table 2.17: Mean FSIQ, VIQ, PIQ and age at assessment of patients with AS and their matched controls

L A oy

Mean FSIQ 110.1 (sd=9.7, range 97-135) 110.2 (sd=14.8, range 93-137)
Mean VIQ 111.7 (sd=13.5, range 95-133) 112.0 (sd=11.1, range 90-129)
Mean PIQ 105.4 (sd=17.6, range 76-142) 105.5 (sd=19.2, range 80-139)
Mean age at assessment 14.4 (sd=3.1, range 8-19) 14.8 (sd=2.1, range 12-18)

In order to confirm that the AS controls had been successfully age-matched to the patient
group with AS, between-group statistical analysis (t-tests) was carried out on the age at
assessment. The results showed that there was no significant difference in age at

assessment between patients with AS and their controls (t = -0.5; df = 22; p = 0.7).

The same developmental questionnaire that was administered to the patients with AS (see
Appendix F) and the PFT controls was also administered to the AS controls. As was the
case for the PFT controls, the results of the developmental questionnaire are divided into

two sections:

1 Parental reports of cognitive and motor function in AS controls

a) Cognitive function: None of the AS controls were reported by their parents to have
problems with memory or language.

b) Motor function: Two of the AS controls were reported by their parents to have
problems with aspects of motor function. One control was reported to have difficulties
with hopping and clumsiness and the other was reported to have difficulties with tying shoe

laces.
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2 Family histories
There were no reports of psychiatric disorders, neurological problems, learning difficulties

or speech, language or motor difficulties in the first degree relatives of AS controls.

These parental reports are thus consistent with the entry criteria detailed above.

2.3.6 Intellectual function in patients with AS and their controls

The mean IQs for the patients with AS and their controls were shown in Table 2.17.
Patients with AS performed at a very similar level to their controls on measures of full-
scale IQ, verbal IQ and performance IQ, and statistical analysis using independent sample
t-tests showed that there was no significant difference between the patients with AS and
their controls on any of these measures of IQ: FIQ (t = -0.03; df = 22; p = 0.980), VIQ (t= -
0.06; df = 22; p = 0.957), PIQ (t =-0.01; df = 22; p = 0.993).

The standardized scores for the performance of the patients with AS and their controls on
each of the subtests of the WISC and WAIS were analysed separately in order to look at
performance on each subtest. The subtests are divided into those used to calculate verbal
IQ (see Table 2.18), those used to calculate performance IQ (see Table 2.19) and the
remaining subtests which are not directly used to determine IQ measures but can provide

useful indicators of domains indirectly related to intelligence (see Table 2.20).

Table 2.18: Mean standard score on verbal IQ subtests for patients with AS and controls

AS 13.43 (3.20) 12.93 (2.06) 11.93 (3.20) 11:57(335) 10.14 (3.51)

Control 12.50 (2.64) 11.30 (2.36) 14.10 (2.92) 11.80 (2.35) 10.70 (2.58)
Mean (sd)

Statistical analysis using independent sample t-tests showed that there was no significant
difference between patients with AS and controls on the verbal IQ subtests except for the
similarities subtest where there was weak evidence for a difference (after log
transformation: t = 1.916, df = 22, p = 0.068), with patients with AS performing slightly

better than controls.
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Table 2.19: Mean standard score on performance IQ subtests for patients with AS and controls

AS 11.64 (2.76)

8.50 (3.84) 11.50 (3.90)

12.21 (2.36) 9.93 (3.39)

Control 10.50 (3.14) 9.90 (2.23) 10.70 (4.37) 12.20 (3.23) 10.30 (3.65)
Mean (sd)

Statistical analysis using independent sample t-tests showed that there was no significant

difference between patients with AS and controls on any of the performance IQ subtests.

Table 2.20: Mean standard score on remaining IQ subtests for patients with AS and controls

AS 10.14 (3.61) 9.21 (3.07) 10.36 (4.52) 12.00 (2.65)

Control 11.70 (3.23) 9.30 (2.45) 11.80(2.97) 10.00 (1.73)
Mean (sd)

Statistical analysis using independent sample t-tests showed that there was no significant

difference between patients with AS and controls on any of the remaining IQ subtests.

Summary of IQ results for patients with AS and their controls
Statistical analyses showed that AS control subjects were well matched on IQ and age at

assessment to the patient group with AS.

2.4 Discussion
(i) Patients with PFT
a) Developmental questionnaire results

The results of the developmental questionnaires proved to be very informative. Out of
fifteen patients with PFT, twelve were reported to have problems with a variety of motor
abilities, and the problems were particularly prominent post-surgery. These findings
indicate that motor difficulties are commonly associated with excised tumours in the
posterior fossa region. This is consistent with the extensive evidence that the cerebellum is
involved in motor functions (e.g. Marr, 1969; Allen and Tsukahara, 1974; Ivry et al. 1988;
Akshoomoff and Courchesne, 1992; Blinkenberg et al. 1996; Jueptner et al., 1997; Inoue et
al., 1998; Braitenberg et al., 1997; Miall et al., 2000; Debaere et al. 2004). However, there

is still little understanding of the extent to which there may be localisation of function in the
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cerebellum. This is one of the questions that will be investigated in this thesis. Given that
the patients with PFT who participated in the study have pathology affecting a variety of
different regions of the cerebellum, it should be possible to look for associations between
the regions that are damaged and the motor functions that are impaired in those particular
patients, thereby determining whether particular cerebellar regions are necessary for

particular motor functions. These investigations will be described in Chapter 6.

In addition to the problems with motor functions, the results of the developmental
questionnaire also revealed some problems with memory. Six out of fifteen patients with
PFT were reported by their parents to have difficulties with memory, which suggests that
memory problems are a common feature in this patient population. Previous research has
implicated the cerebellum as playing an important role in working memory (Paulesu et al.,
1993, 1995; Andreasen et al. 1995, Fiez et al., 1996; Desmond et al., 1997; Nyberg et al.
2001) and it would therefore expected that pathology of the cerebellum will result in

problems with the aspects of rhemory in which the cerebellum is normally involved.

Furthermore, the finding that only one patient was reported to have problems with language
is quite surprising. There is growing evidence to suggest that the cerebellum is involved in
a number of aspects of language, including semantic discrimination (Xiang et al., 2003),
lexical processing (Petersen and Fiez, 1993; Leiner et al., 1993; Fabbro et al. 2000) and
speech (Ackermann et al. 1997; Gasparini et al. 1999; Belton et al. 2003). It would
therefore be expected that language problems would be relatively common after pathology
of the cerebellum. However, despite the fact that parental reports only identified one
patient with language problems, the results from the WISC/WAIS showed that language
problems may in fact present in a larger number of the patients, particularly in those with
left cerebellar hemisphere pathology (see section b) below on Baseline neuropsychological

assessment of intellectual function).

The final section of the developmental questionnaire, which examined family histories,

revealed that none of the patients with PFT reported the presence of psychiatric disorders,



CHAPTER 2: CHARACTERIZATION OF THE STUDY SAMPLE 93

neurological problems, learning difficulties or speech, language or motor difficulties in any

of their first degree relatives.

b) Baseline neuropsychological assessment of intellectual function

The results from the baseline neuropsychological assessments showed that there was no
difference on measures of intelligence between the patients with PFT and their controls,
confirming that the control group had been successfully matched to the patient group.
Further analysis showed that the only IQ subtest for which there was a significant
difference between patients with PFT compared to controls was the coding subtest on
which patients with PFT performed particularly poorly. The coding subtest depends on
visual perception, attention, writing and speed of processing abilities and it is possible that
the problems encountered by patients with PFT on this test may be due to motor difficulties
with the writing aspect of the test given the role that the cerebellum is known to play in
motor functions; or with attention difficulties as functional imaging studies have implicated
the cerebellum as playing a role in attention (Allen et al., 1997; Le et al., 1998; Rees et al.,
1997); or with poor speed of processing due to a failure of reorganization of the brain after
surgery. Motor and attention abilities in patients with PFT are considered in more detail in
Chapters 3 and 4 respectively where their performance on tests of motor function and

attention are reported.

Analysis within the group of i)atients with PFT showed an interesting association between
language abilities and tumour location. Individuals with left cerebellar hemisphere
pathology performed poorly on tests of vocabulary and comprehension, whereas
individuals with right cerebellar hemisphere pathology performed well on these tests. These
findings suggest firstly that speech and language problems are more common than the
results of the developmental questionnaire (where only one patient with PFT was reported
by their parents to have language problems) might imply. Secondly, these findings provide
preliminary indications that there may be functional localisation within the cerebellum in
relation to speech and language processing. However, it is important to note that the
current findings are not actually consistent with previous research. Although patients with

left cerebellar pathology were found to have particular problems with vocabulary and
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reading comprehension, previous studies have found that it is patients with pathology of the
right cerebellar hemisphere who have language problems (Riva & Giorgi, 2000).
Furthermore, imaging studies have shown activation in the right cerebellar hemisphere
during language tasks (Petersen et al. 1988, 1989; Raichle et al. 1994; Martin et al. 1995).
Given the crossed connections between the cerebellum and the cerebral hemispheres, it
would actually be predicted that the right cerebellum (which is connected to the left
“language” cerebral hemisphere) is involved in language functions (Scott et al., 2001). For
these reasons, the finding that patients with left cerebellar pathology have particular
difficulties with language is unexpected. It is possible that the problems with language in
individuals with left cerebellar hemisphere pathology are related to associated damage to
other brain areas rather than to the cerebellar damage per se. This possibility will be
investigated in Chapter 6 when the results of the neuroimaging investigations are presented.
In addition, investigations reported in Chapter 6 should establish whether there are any
language tasks on which patients with right cerebellar pathology have particular problems

in line with previous work.

Effects of age at surgery and time since surgery for patients with PFT

The correlation analyses suggested that surgery carried out at an older age has a negative
effect on the ability to carry out the mazes task (which depends on problem solving
abilities). This is in line with the idea that pathology that occurs later during childhood
after some degree of brain organization has taken place will result in selective impairments

in behavioural function (see Section 1.14).

The results also showed that the longer time that has passed since surgery, the more poorly
patients with PFT tended to perform on the coding subtest (which depends on visual
perception, attention, writing and speed of processing abilities). This may be due to motor
difficulties which impact on writing abilities. However, it is also possible that patients with
PFT are not as efficient as controls on tasks such as coding which require a fast speed of

processing due to a failure of reorganization of the brain after surgery.

These significant findings for effects of age at surgery and time since surgery for patients

with PFT should be interpreted with some caution. It must be noted that correlation
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analyses were carried out for all of the IQ subtests and there is therefore a high probability
of obtaining false positive results. For this reason these results will be interpreted as
providing indications for the functions that may be associated with age at surgery or time
since surgery rather than as direct evidence, and these possible associations will be further

investigated in Chapters 3 and 4.

(ii) Patients with AS
a) Australian Scale for Asperger’s Syndrome (ASAS) results

The results of the ASAS showed that compared to controls, patients with AS showed far
more unusual characteristics relating to the understanding of social conventions,
communication, unusual fears, phobias, motor mannerisms, sensitivity to pain, and a
tendency to be obsessed with specific interests. Each of the characteristics targeted by the
ASAS is thought to be particularly representative of individuals with Asperger’s Syndrome
and the fact that the parental ratings were so high indicates that, as expected, they possess a
large number of characteristics known to be common in AS. This finding provides

additional evidence to support their diagnosis of AS.

b) Developmental questionnaire results

The results of the developmental questionnaire showed that twelve out of fourteen patients
with AS were reported by their parents to have problems with a variety of motor abilities
suggesting that such problems are common in individuals with AS. This is in line with
previous investigations which have found a variety of movement abnormalities (including
awkward or odd posture and poorly coordinated motor actions) in individuals with AS (e.g.
Wing, 1981; Burgoyne and Wing, 1983; Ghadziuddin et al. 1992; Gillberg, 1989;
Manjiviona and Prior, 1995).

Furthermore, the results from the developmental questionnaire showed that eight patients
with AS were reported to have difficulties with memory and nine were reported to have
difficulties with language. This indicates that both memory and language problems are
common in individuals with AS. It is likely that the pfoblems with memory are not general

problems, however, as previous studies of memory function in autism and AS have
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revealed that while some forms of memory are impaired (e.g. delayed recall, episodic
memory) other forms of memory appear to be intact (e.g. working memory, semantic
memory and recognition) (Bennetto et al., 1996; Minshew and Goldstein, 2001; Ozonoff
and Strayer, 2001). Language abilities, on the other hand, are known to be abnormal in
autism and AS. An impairment in verbal communication is one of the defining
characteristics of autism as language is often used for instrumental purposes rather than for
social interaction and the language used has a tendency to be egocentric and repetitive
(Tager-Flusberg, 1996). It is therefore not surprising that such a large proportion of the
individuals with AS participating in the current study have been reported to have language

problems.

The final section of the developmental questionnaire, which examined family histories,
revealed that the parents of nine out of the fourteen patients with AS reported the presence
of psychiatric disorders, neurological problems, learning difficulties or speech, language or

motor difficulties in at least one of the patients’ first degree relatives.

c) Baseline neuropsychological assessment of intellectual function
The results from the baseline neuropsychological assessments showed that there was no
difference on measures of intelligence between the patients with AS and their controls,

confirming that the control participants had been satisfactorily matched to the patient group.

Summary

Altogether 49 subjects participated in this study. There were 15 individuals who had
undergone surgery for posterior fossa tumours, 14 individuals with Asperger’s Syndrome
and 20 normally developing céntrol children, ten matched on age, sex and IQ to the patients
with PFT, and ten to the patients with AS. A number of abnormalities in motor, memory
and language function were reported in each of the two patient groups, and these will be
further investigated in the experimental chapters of this thesis (chapters 3 and 4).
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CHAPTER 3: MOTOR FUNCTION

The aims of the studies presented in this chapter were to characterize the motor abilities of
the patient groups with posteﬁor fossa tumours and Asperger’s Syndrome and to gain an
understanding of the pattern of intact and impaired motor functions that may be associated

with different types of cerebellar abnormality.

Ever since the earliest investigations of cerebellar function, this structure has been
understood to be involved in the co-ordination of movement. The first person to show that
the removal of the cerebellum results in problems with movement was Rolando (1809),
who carried out ablation experiments on rats. He argued that his finding indicated that the
cerebellum is important for the initiation of movement. However, Flourens (1824) carried
out investigations which involved the removal of the cerebellum from pigeons and found
that this resulted in degraded movement rather than an absence of movement, indicating
that an intact cerebellum is not essential for movement initiation. This critical finding is
thought to be the origin of the current understanding that the cerebellum is involved in

movement co-ordination rather than in movement generation (Schmahmann, 2000).

Some of the most intricate observational studies of cerebellar function were carried out by
Gordon Holmes in the early 20® Century. Gordon Holmes studied World War I patients
who had suffered gun-shot wounds in the cerebellum (Holmes, 1917) and found that
damage to the cerebellum results in four principal types of movement abnormalities: (1)
hypotonia or atonia (loss of muscle tone); (2) asthenia (muscle weakness) and faster tiring
of ipsilateral limbs; (3) abnormalities of voluntary movement (delayed initiation of
movement, slowness in achieving the full power of a movement and delayed and slowed

relaxation); and (4) failure to execute certain movements.

Since these early investigations, studies have implicated the cerebellum in the planning
(Allen and Tsukahara, 1974; Eccles, 1977), execution (Allen and Tsukahara, 1974; Rivkin
et al,, 2003; Thickbroom et al,, 2003), timing (Ivry et al. 1988; Akshoomoff and
Courchesne, 1992; Penhune et al., 1998; Rivkin et al., 2003; Bengtsson et al. 2004), control
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(Ellerman, et al., 1994; Braitenberg et al., 1997), learning (Marr, 1969; Jenkins and
Frackowiak, 1993; Schweighofer et al. 1998) co-ordination (Miall et al., 2000; Miall et al.
2001; Debaere et al. 2004) and fine-tuning (Thach et al. 1992; Jueptner and Weiller, 1998)
of motor actions. Thus there is strong evidence to show that the cerebellum is involved in

motor actions, particularly in the co-ordination and control of movement.

Many of these previous studies have tended to consider the cerebellum as a whole.
However, there is growing evidence in support of the possibility of localization of function
in the cerebellum. Functional imaging studies, for example, have indicated that the anterior
lobe (lobules I-V) of the cerebellum is particularly involved in motor actions (Kuhtz-
Buschbeck et al. 2003; Rivkin et al. 2003). Movement of the fingers has been shown to
involve hemispheric lobules IV (Jueptner et al. 1997) and V (Fox et al. 1985; Blinkenberg
et al. 1996; Sadato et al. 1996; Jueptner et al. 1997) and movement of the feet has been
associated with vermal lobules II and III (Nitschke et al. 1996). However, although it does
seem likely that the anterior cerebellum is particularly involved in movement, the precise
nature and extent of localisation of function in the cerebellum remains to be discovered. It
is hoped that the current investigations will help to increase the current understanding in
this area. By investigating motor function in patients with neurodevelopmental versus
acquired cerebellar pathology, it is anticipated that it will be possible to increase
understanding of the way in which motor function is organized and compensated in the

cerebellum:

@A) Patients with PFT: Studies of patients with PFT will enable further
investigation of the idea of localization of function. Patients with PFT have had
particular regions of the cerebellum removed during surgery and it will therefore
be possible to investigate whether there are associations between impaired
aspects of motor function and particular cerebellar regions that are damaged in
different patients.

(ii)  Patients with AS: Studies of patients with AS are less likely to provide
information on functional localization in the cerebellum because the cerebellar

abnormalities in these patients are not so clearly localized to particular regions
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of the cerebellum. By investigating motor function in this population with
developmental cerebellar abnormalities it is anticipated that it will be possible to
investigate the effects on movement of subtle, more diffuse abnormalities in the

cerebellum.

Before detailing the particular tests of motor function that were used in the current study,
previous work on motor abilities in patients with PFT and in patients with AS will first be

considered.

Chapter outline

The chapter starts with an overview of previous studies of motor function in each of the two
patient groups. On the basis of this previous work, as well as the functional imaging
studies of the cerebellum considered in Chapter 1, hypotheses as to the predicted outcomes
of the motor tests administered in this study will then be outlined. The methods and results
of the different tests are split into three sections: uni-manual motor action, bi-manual motor
action and motor learning. The chapter ends with a discussion and summary of the pattern

of intact and impaired motor abilities in each of the two patient groups.

3.1 Motor function in patients with PFT

The motor abilities of individuals with PFT are still relatively unknown. This is because
the few studies that have been carried out on this patient population have tended to focus on
cognitive rather than motor function, in line with the recent suggestions that the cerebellum
is not a purely motor structure, but may also be involved in cognition. Nevertheless,
preliminary evidence suggests that tumours in the cerebellum may affect the ability to carry
out fine motor skills, as a study by Levisohn et al. (2000) found that 14 out of 19 patients

with PFT showed impairment in fine motor co-ordination.

In addition, it is clear that motor abnormalities are often present in patients with PFT as
these are in fact one of the major symptoms that led to the diagnosis of the tumour in the
first place. The diagnostic motor symptoms include general weakness, loss of balance, lack

of co-ordination and inability to walk. After excision of the tumour, these severe problems
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seem to dissipate rapidly. However, while the obvious problems may thus be resolved, it is
likely that some form of motoric difficulties remain, given the role that the cerebellum is
known to play in motor function. For this reason it is important to investigate the nature of
any motor difficulties, however subtle, that are present after surgery and to see whether
these are associated with the region of the cerebellum that has been excised in these

patients.

In the absence of further evidence from the particular patient population involved in the
current study, it may be useful to look at motor function after acquired lesions of the
cerebellum caused by factors other than tumours in order to gain an understanding of the

types of difficulties that may be found in the current investigations.

Studies have shown that midline cerebellar lesions are associated with a selective deficit in
motion perception (Nawrot and Rizzo, 1995; 1998), whereas more lateralized damage
caused by infarctions of the posterior inferior or superior cerebellar artery has been shown
to result in significantly slower movements of both the ipsilateral and contralateral arms
(Immisch et al. 2003). In addition, Fellows et al. (2001) studied a group of patients with
damage to the posterior inferior cerebellar artery or the superior cerebellar artery or with
cortical cerebellar degeneration. They found that these patients had difficulty in co-
ordinating the timing of movement sequences when required to lift an object in a precision
grip. Further evidence for problems with timing of motor actions after cerebellar damage
comes from a study by Timmann et al. (2000). They found that in a ball-throwing task,
three cerebellar patients (with right sided damage after cerebellar artery infarction or
cerebellar haemorrhage) threw the ball less accurately and more slowly than controls and
also showed more variation in the timing of ball release and in the direction of the hand
path. Timmann et al. (2000) explained these problems by proposing that cerebellar patients
have a disorder in central commands to the joints that are involved in the hand path, and to

those involved in the timing of finger opening for ball release.

In summary, studies of patients with cerebellar damage have revealed difficulties with fine

motor action, abnormalities in motion perception, a reduction in the speed of movements



CHAPTER 3: MOTOR FUNCTION 101

and a disruption of temporal co-ordination of joint movements. It is likely that some of
these motor difficulties will be present in the patients with PFT who are taking part in this
study and it is anticipated that the chosen motor tests will reveal the motor problems that

may be present.

3.2 Motor function in patients with autism and AS

Autism is characterized by a triad of impairments in social interaction and communication
and restricted and repetitive behaviours and interests (see Section 1.4.3.2.1). However,
there is one more characteristic which, despite not being defined as one of the core features
of autism, is also very common in this disorder. This is clumsiness. Clumsiness is due to
difficulties in the co-ordination of motor actions and the fact that individuals with autism
are generally diagnosed with clumsiness indicates that there are problems with motor

function in this patient population.

It is interesting to note that in order to receive a clinical diagnosis of autism or AS, an
individual is not required to show any motor abnormalities. Nevertheless, in Asperger’s
(1944) original paper, he describes a number of movement difficulties in his patients,
including both gross (lack of fluency in locomotion) and fine (poor fine motor co-
ordination) movement problems. In addition, since this early work, numerous studies have
identified movement abnormalities (in the form of awkward or odd posture and poorly co-
ordinated motor actions) as being common features of autism and AS (Wing, 1981;
Burgoyne and Wing, 1983; Ghadziuddin et al. 1992; Gillberg, 1989; Manjiviona and Prior,
1995; Tantam, 1988, 1991; Szatmari et al. 1989b; Hardan et al. 2003). Thus, despite not
being a diagnostic requirement in DSM IV or ICD-10 criteria, clumsiness is a common

characteristic of the autistic syndrome.

In order to gain a greater understanding of the nature of motor abnormalities in individuals
with AS in particular, a number of studies that have assessed motor function in this patient

population are now considered.
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A study by Ghaziuddin et al. (1994) found that all eleven children with AS who
participated in their study performed abnormally poorly on at least one measure of motor
performance (gross motor, fine motor or upper limb co-ordination) as measured by the
Bruininks-Oseretsky test (Bruininks, 1978), and that eight of these children performed
abnormally poorly on all three measures of this test. In addition, a study by Klin et al.
(1995) found that patients with AS had deficits in both fine and gross motor actions.
However these investigators included clumsiness and a delay in attaining motor milestones

as selection criteria, thereby biasing their study group towards having motor problems
(Green et al. 2002).

A study with a less biased group of patients with AS was carried out by Manjiviona and
Pryor (1995) who found that patients with AS performed poorly on the Test of Motor
Impairment (Stott et al. 1984). In addition, patients with AS have been found to be
impaired on the Movement ABC (Henderson and Sugden, 1992), a test of motor abilities
and motor development difficulties (Miyahara et al., 1997; Miller and Ozonoff, 2000;
Green et al., 2002).

Despite all this evidence for the presence of motor abnormalities in AS, Weimer et al.
(2001) have shown that individuals with AS are not impaired on all tests of motor function.
Weimer et al. (2001) found that although their patients with AS were impaired on tests of
apraxia, finger-thumb opposition, tandem gait, and balancing on one leg with eyes closed,
they did not perform significantly more poorly than controls on the Grooved Pegboard or
on tests of finger tapping. This indicates that patients with AS may have selective motor
difficulties, and emphasizes the need for further studies to investigate the precise nature of

the movement abnormalities in this disorder.

To summarize, movement abnormalities including clumsiness, poor fine motor co-
ordination and lack of fluency in gross motor actions are common features of AS. However,
these are not necessarily present in all individuals with a diagnosis of AS as movement

abnormalities are not included as diagnostic criteria in either ICD-10 or DSM IV.
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3.3 Methods

3.3.1 Motor tests administered

The particular motor tests included in this study were selected to tap a whole range of
motor functions including simple and complex fine motor action, bi-manual co-ordination,
and motor learning, in order to gain an understanding of the pattern of intact and impaired
motor functions that are associated with different types of cerebellar damage. The ordering
of the tests was such that it was possible to determine whether participants were able to
perform simple uni-manual motor actions and then bi-manual motor actions, and finally at
tasks that depend not only on intact motoric ability, but also the ability to learn new motor
actions. Thus tests of basic motor actions were first administered and then the tests were
built up on the basis of the level of complexity in order to investigate the precise nature of
any motor problems in either of the patient populations. The methods and results for each

test are presented in this same hierarchical order.

(i) Uni-manual motor function:

The first test administered was the Annett Pegboard which is a simple test of uni-manual
motor action. This test examines the ability to place pegs in circular holes as quickly as
possible with both the dominant and then the non-dominant hand and is a good measure of
basic fine motor skill. The Annett Pegboard was chosen because it is a simple motor task
which is suitable for the entire age range of the participants taking part in the study and
because it would provide a good baseline of motor skill ability in each of the patient groups
from which to build on more complex motor skills. Furthermore, this test was initially
designed by Annett to quantify motor deficits in hemiplegic children, and this test should
therefore also reveal any differences in fine motor ability between the patients with PFT

with tumours in the right versus the left cerebellar hemisphere.

The second test administered was the Grooved Pegboard. This test builds upon the skills
required in the Annett Pegboard as the pegs and holes are shaped so that the pegs must be
placed in the correct orientation in order to fit them into the holes. Thus, compared to the
Annett Pegboard, this task requires a higher level of uni-manual fine motor dexterity. The

Grooved Pegboard was chosen because there is evidence that the cerebellum is involved in
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fine motor actions. Furthermore, if subjects succeeded on the simple Annett Pegboard task,
but had problems with the Grooved Pegboard, it would demonstrate that certain individuals
had particular problems with intricate fine motor actions, not simply with all aspects of fine
motor actions. Both the Annett Pegboard and the Grooved Pegboard also have a timing
element to them as they depend on the accurate timing of motor actions in order to

successfully slot the pegs into the pegboards.

The third test of manual motor function administered here was the posting task. This is a
test of motor control which depends on more gross movements of the hand and arm and
particularly on the ability to correctly orient the hand and wrist in order to post cards
through a slot positioned at various different angles. This task was included in order to
assess whether motor control of the hand, wrist and arm is impaired in either of the patient
populations and also to investigate whether the patients had difficulties with the gross

movements required here.

(ii) Bi-manual motor function:

Two tests were administered to examine bi-manual motor function: the bead threading task
and the tapping task. The bead threading task was used to assess bi-manual fine motor
action and co-ordination, as subjects had to thread different shaped and sized beads onto a
piece of thread which they held with their other hand. Thus, similar fine motor actions of
the hand and fingers as required in the pegboard tasks are needed here; however attention
must also be paid to the other hand holding and directing the thread. This task was used in

order to assess bi-manual co-ordination abilities for fine motor actions.

The second bi-manual task was the tapping task. In this task, participants are required to
use a stylus to tap sequentially in four quadrants of a circle, first using each hand separately
and then using both hands simultaneously. This task assesses more gross movements of the
hand and arm rather than fine motor actions of the fingers. It was hoped that by comparing
performance on this task with performance on the posting task, it would be possible to
determine whether individuals had general difficulties with movements of the hand and arm,

or whether difficulties were related to whether uni- or bi-manual skills were required.
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Furthermore, by comparing performance on the tapping task with performance on the bead
threading task, it was hoped that it would be possible to determine whether individuals had
more difficulties with fine-motor co-ordination abilities or with gross-motor co-ordination.
Finally, by partialling out performance on uni-manual tapping, it would be possible to
determine whether any difficulties on the bi-manual task could be explained by general

difficulties with the task itself rather than with bi-manual co-ordination per se.

(iii) Motor learning:

The final two tests of motor function were the mirror tracing and rotary pursuit tasks, which
are used to assess motor learning abilities. The cerebellum has long been known to be
involved in motor learning (Marr, 1969; Jenkins and Frackowiak, 1993; Schweighofer et al.
1998) and these tests were administered in order to investigate the extent to which
individuals with different types of cerebellar damage would have difficulties with motor
learning. The rotary pursuit task is more simple than the mirror tracing. In the rotary
pursuit, participants are simply required to learn new gross motor actions of the hand and
arm (large circular movements as they follow a light stimulus around a turntable). For the
mirror tracing, participants have to learn to mirror transpose their movements — they can
only see their hand in a mirror and thus the directions of motion are all reversed. The
movements required in the mirror tracing are smaller and more precise than those in the
rotary pursuit — for the mirror tracing, a pen-shaped stylus is held in the hand and
participants are required to trace a star. By partialling out performance on the simple fine
and gross-motor tasks detailed above, it should be possible to determine whether any
difficulties on these tasks are due to problems with manual motor function or with motor
learning in particular. It is likely that the neocerebellum (lateral regions of the cerebellar
hemispheres) is particularly involved in these two tests of motor learning. This is based on
a functional imaging study carried out by Jueptner and Weiller (1998), who found that the
neocerebellum was particularly involved in the monitoring of movement outcomes and the
associated correction or optimization of movements on the basis of sensory feedback
information. In order to perform well on both the mirror tracing and rotary pursuit tasks, it
is necessary to be able to adapt movements on the basis of sensory (particularly visual)

feedback and thereby improve accuracy, thus demonstrating motor learning.
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3.3.2 Aims and predictions
On the basis of previous studies of patients with PFT, of patients with AS and of cerebellar
function, the hypotheses for the motor abilities of each of the two patient groups are as

follows:

(i) Patients with PFT

Given the extent to which the cerebellum is known to be involved in motor actions, it is
predicted that patients with PFT who have had sections of the cerebellum removed will
have difficulties with a wide variety of motor functions. Furthermore, the results of the
developmental questionnaire (see Chapter 2) showed that patients with PFT had difficulties
with writing, climbing, catching, kicking, hopping on one leg, doing up buttons, tying shoe
laces and clumsiness, indicating that there are a variety of motor difficulties in this patient
population. The particular predictions for the motor tests included in this study are as
follows:

- Annett Pegboard and Grooved Pegboard (tests of fine motor action): Patients
with PFT have been shown to have difficulties with fine motor actions (Levisohn
et al., 2000) and the cerebellum has been implicated in the timing of motor actions
(Ivry et al., 1988; Akshoomoff and Couchesne, 1992; Bengtsson et al., 2004). It is
therefore predicted that the patients with PFT will be found to be impaired on the
Annett Pegboard and the Grooved Pegboard.

- Posting task (test of motor control and of gross motor action of the hand and
arm): This test particularly assesses motor control (the ability to accurately post
cards through a slot) and depends on gross movements of the hand and arm and
fine movements of the wrist. The cerebellum has been implicated in motor control
(Ellerman, et al., 1994; Braitenberg et al., 1997) and in accurate orientation of the
wrist (Glickstein et al., 1998) and it is therefore predicted that patients with PFT
will perform more po'orly than controls on the posting task.

- Bead threading and the Tapping task (tests of bi-manual motor action): There
is evidence to show that the cerebellum is involved in the co-ordination of

movement (Miall et al., 2000; Miall et al. 2001; Debaere et al. 2004) and it is



CHAPTER 3: MOTOR FUNCTION 107

therefore predicted that patients with PFT will be impaired on the bead threading
and tapping tasks as these require co-ordinated movements of the two hands.

- Mirror tracing and rotary pursuit (tests of motor learning): The cerebellum
has been particularly implicated in motor learning (Marr, 1969; Jenkins and
Frackowiak, 1993; Schweighofer et al. 1998) and previous studies have shown that
the mirror tracing task is cerebellar dependent (Sanes et al., 1990; Laforce and
Doyon, 2002). It is therefore predicted that patients with PFT will perform
significantly more poorly than controls on the two tests of motor learning (mirror
tracing and rotary pursuit).

e  DPrevious research has shown that damage to lateral regions of the cerebellum is
associated with a reduction in the speed of arm movements (Immisch et al. 2003). It is
therefore predicted that patients with pathology of the cerebellar hemispheres will perform
more poorly than patients with midline pathology on the timed tests of uni-manual and bi-
manual motor action which depend on fast movement of the hand and arm (the Annett
Pegboard, the Grooved Pegboard, the posting task, the bead threading task and the tapping
task). Damage to midline cerebellum, on the other hand, has been found to be associated
with a deficit in motion perception (Nawrot and Rizzo, 1995; 1998). It is therefore
predicted that patients with midline pathology will perform more poorly than patients with
pathology of the cerebellar hemispheres on the rotary pursuit task as this depends on
motion perception of the light stimulus. Furthermore, previous research has shown that the
anterior lobe (lobules I-V) is particularly involved in motor function. It would therefore be
predicted that individuals with pathology affecting these lobules would have particular
difficulties with motor actions. This possibility will be further investigated in Chapter 5
where the particular location of the pathology in each individual patient with PFT is
detailed.

e  There will be greater recovery of motor function after early (age five and younger)
compared to late (age six and above) lesions of the posterior fossa, reflecting the higher
level of plasticity of the brain at younger ages.

e  There will be very few significant correlations between time since surgery and

performance on any of the motor tests. This is because all of the patients with PFT who are
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taking part in this study are seen at least two years post-surgery and it is predicted that after

this time there will be no more major compensatory changes in the brain.

(ii) Patients with AS

The abnormalities in the cerebellum in individuals with AS are more subtle and less
localized than those in individuals with PFT. There is evidence to suggest that individuals
with AS have a variety of motor problems and these may be associated with their cerebellar
abnormalities (Allen and Courchesne, 2003). Furthermore, the results of the developmental
questionnaire showed that patients with AS had difficulties with a wide variety of motor
actions including writing, climbing, catching, kicking, hopping on one leg, doing up
buttons, tying shoe laces, and clumsiness. It is important to note, however, that previous
studies have shown that individuals with AS do not have difficulties with all types of
movement (Weimer et al., 2001) and it is therefore predicted that there will not be
significant group differences between patients with AS and controls for every test of motor
function administered here. The particular predictions for the motor tests included in this
study are as follows:

- Annett Pegboard and Grooved Pegboard (tests of fine motor action): Previous
research has shown that patients with AS have problems with fine motor actions
(Ghaziuddin et al. 1994; Klin et al. 1995) and it is therefore predicted that patients
with AS will be found to have difficulties with the Annett Pegboard which tests
simple fine motor skills. For the Grooved Pegboard, however, although individuals
with autism have been found to be impaired on this test (Hardan et al. 2003), a study
of individuals with AS found that they did not perform significantly more poorly than
controls on the Grooved Pegboard (Weimer et al. 2001). This indicates that the
particular fine motor abilities required for the Grooved Pegboard may be intact in
individuals with AS and it is therefore predicted that in the current study, patients
with AS will not be found to be impaired on the Grooved Pegboard.

- Posting task (test of motor control and of gross motor action of the hand and
arm): Clumsiness is very common in autism and AS, suggesting problems with gross
motor actions of the limbs and body. Furthermore, a number of studies have

investigated gross motor actions and found that patients with AS are impaired on
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these actions compared to controls (Ghaziuddin et al. 1994; Klin et al. 1995). For
these reasons, it is predicted that patients with AS will be found to perform more
poorly than controls on the posting task.

- Bead threading and the Tapping task (tests of bi-manual motor action): Because
of the problems with motor co-ordination manifested in the form of clumsiness in
individuals with AS, it is predictéd that-patiehté with AS will perform more podrly
than controls on both the bead threading and the tapping task which require the co-
ordination of motor actions between the right and left hands.

- Mirror tracing and rotary pursuit (tests of motor learning): Previous research
has found no difference between the performance of individuals with autism and
control participants on the rotary pursuit task (Wek and Husak, 1989), indicating that
individuals with autism are not impaired on motor learning. It is therefore predicted
that patients with AS will not be found to perform significantly worse than controls
on either of the tests of motor learning administered here (the mirror tracing and the

rotary pursuit tasks).

3.3.3 Statistical analyses

The main statistical methods employed in this study were detailed in Section 2.2.3.
However, it was decided that in order to increase the effects of this study, because of the
small number of participants, the control groups would be combined for the motor tasks
after determining that there were no significant correlations between FIQ, VIQ or PIQ and
any of the measures of manual motor skill or motor learning for either of the control groups.
Statistical analysis was carried out separately for each of the two patient groups and the
combined control group using independent sample t-tests. In addition, ANCOVA analyses
were carried out with age as a covariate in order to determine whether the age of the

participants had any effect on the results.

ANOVAs were carried out in order to investigate whether there were any within-group
differences in the patients with PFT related to the location of the tumour (left hemisphere,
right hemisphere or midline tumour) and in order to determine whether there were any

effects of age at pathology or time since pathology, correlation analyses (Pearson’s) were
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carried out separately between each of these measures and each of the measures of motor

function.

For the tests which were carried out for both the dominant and non-dominant hand (the
Annett pegboard, the Grooved Pegboard, simple and sequential tapping and the posting
task), mixed-model analyses (repeated measure ANOVAs) were carried out in addition to
the independent sample t-tests, in order to investigate whether there was a similar level of
performance between the two hands for patients and controls. In this way, it was possible
to determine whether each of the patient groups showed a similar degree of enhanced
performance with their dominant hand compared to their non-dominant hand as that which
is characteristic of normal controls. In these analyses, the presence or absence of injury (i.e.
patient or control) and location of tumour (left hemisphere, right hemisphere or midline
pathology) were entered as the between-subject factors, and hand (dominant and non-

dominant) was entered as the within-subjects factor.

The two tests of motor learning (mirror tracing and rotary pursuit) involved time-series data
over repeated trials and it was therefore necessary to analyse these tests using different
methods from those described in Chapter 2. For both of these tests, the learning trajectory
for each individual was first plotted separately from the raw scores. In order to minimize
any effects of measurement error and noise, linear, logarithmic and quadratic curves were
then fitted to each individual learning trajectory. After visual inspection, the function that
best captured the learning of each individual was used to obtain summary statistics
(predicted scores). The predicted scores and the raw scores were then used separately in
order to derive a number of measures of learning (see Section 3.4.3) and these measures
were used to compare the motor learning performance of the patient groups with their
controls using independent sample t-tests. This method of using summary measures is a

standard approach to analyzing time-series data (Matthews et al. 1990).

As explained in Section 2.2.3, multiple comparison adjustment was not performed in this
thesis. Instead a cut-off of p<0.05 was chosen as a mechanism for flagging potential
problematic motor functions in the patient groups which will require further investigation in

future studies. Any significant findings at this level (p-values <0.05) will be interpreted
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with caution and where there were strong expectations of effects, p values in the range 0.05

- 0.1 will also be commented upon (these will be referred to as weak evidence for an effect).

3.4 Results

3.4.1 Tests of uni-manual motor action

34.1.1 Annett Pegboard

This is a test of fine motor action of the hands and fingers, but it also depends on smooth
execution of arm movements. The pegboard was devised by Annett (1970) and consists of
two parallel rows of ten circular holes at a distance of 20cm from one another (see Figure
3.1). In one of the rows, each hole is filled with a cylindrical peg and subjects are required

to move each of these ten pegs one

Figure 3.1: Annett pegboard and pegs by one, using only their dominant
hand, from the top row to the bottom

row as fast as possible. This is then

repeated with the non-dominant

hand and then four more times with

each hand so that the task is

repeated a total of five times with

each hand. The mean of these five times is then calculated for each hand.

(i) Patients with PFT: Annett Pegboard
Table 3.1 and Figure 3.2 show the mean time (in seconds) taken to move ten pegs from the
top row to the bottom row on the Annett Pegboard by patients with PFT and controls.

Table 3.1: Mean time taken for the Annett Figure 3.2: Mean time taken for the Annett Pegboard by
Pegboard by patients with PFT and controls patients with PFT and controls

14

_ — 12
12,15 (2.02) ¥ L

PFT 11.31 (1.51)

Controls 9.62 (0.78) 10.52 (0.88) z 8 | poy==—
Mean (sd) § 61 | @ Controls

Dominant Hand Non-dominant Hand
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Patients with PFT performed significantly more poorly than controls on the Annett
Pegboard. They took longer to complete the task with both the dominant and the non-
dominant hand: dominant hand (Mann Whitney-U test: z = -3.584, p < 0.001; ANCOVA
with age F(1,35) = 17.714, p < 0.001), non-dominant hand (Mann Whitney-U test: z = -
3.000, p = 0.003; ANCOVA with age F(1,35) = 11.057, p = 0.002).

There was no significant difference between patients with PFT and controls in the relative
level of performance between the dominant and the non-dominant hand on the Annett
pegboard (repeated measure ANOVA F(1,33) = 0.013, p = 0.909).

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed a significant
interaction between performance on the Annett Pegboard dominant hand and location of
tumour (F(2,14) = 6.364, p = 0.013). The mean scores for each of the groups with PFT on

the Annett Pegboard dominant hand are shown in Table 3.2 below.

Table 3.2: Mean scores on the Annett Pegboard dominant hand for the groups with PFT

LH damage 10.00 (0.51)

Midline damage 12.56 (1.54)

RH damage 11.38 (1.12)
Mean (sd)

Individuals with midline damage performed most poorly and those with left hemisphere
damage performed best on this task. Post hoc analysis showed that there was a significant
difference between those with left hemisphere damage and those with midline damage (p =
0.010).

There was no significant difference between the different tumour location subgroups in the
relative level of performance between the dominant and the non-dominant hand on the

Annett pegboard (repeated measure ANOVA F(1,12) = 0.008, p = 0.992).
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(ii) Patients with AS: Annett Pegboard
Table 3.3 and Figure 3.3 show the mean time (in seconds) taken to move ten pegs from the

top row to the bottom row on the Annett Pegboard by patients with AS and controls.

Table 3.3: Mean time taken for the Annett Figure 3.3: Mean time taken for the Annett Pegbcard by
Pegboard by patients with AS and controls patients with AS and controls
14
R I R VANT E e T il N SIS S e 12
AS 10.53 (1.45) 11.08 (1.25) 10 A
Controls 9.62 (0.78) 10.52 (0.88) & 8 3 AS
Mean (sd) E 6 m Controls|
4 4
2
0
Dominant Hand Non-dominant Hand

Statistical analysis showed that patients with AS were significantly slower than controls to
complete the Annett pegboard with the dominant hand (t = 2.363, df = 32, p = 0.024;
ANCOVA with age F(1,34) = 5.299, p = 0.028). However, there was no significant
difference between patients with AS and controls for the non-dominant hand (t = 1.518, df
=32,p=0.139; ANCOVA with age F(1,34) = 2.086, p = 0.159).

There was no significant difference between patients with AS and controls in the relative
level of performance between the dominant and the non-dominant hand on the Annett

pegboard (repeated measure ANOVA F(1,32) = 1.662, p = 0.207).

3.4.1.2 Grooved Pegboard
The Grooved Pegboard is a test of manipulative dexterity. The pegboard (produced by

Lafayette Instruments) consists of five rows of

Figure 3.4: Grooved Pegboard and peg 5 ! 4=
five “grooved” holes with the slots positioned at

d % ¢® & » random angles (see Figure 3.4). The pegs are
Q $ & % @ the same shape as the holes, with a round side
» ?® & ¢ o l and a square side so that it is necessary to rotate
é & ¢ » o each peg to the appropriate orientation before it
S $ 2 v ? can be inserted into the hole. Subjects are
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required to start at the top row and place a peg in each of the holes in the correct sequence
as fast as possible using only the dominant hand (and then only the non-dominant hand on
the next trial), until all 25 holes are full. The test thus requires more accurate fine
movements of the fingers and more complex visuo-motor co-ordination than the Annett
Pegboard. The test is repeated twice with each hand and the mean is calculated for each

hand separately.

(i) Patients with PFT: Grooved Pegboard
Table 3.4 and Figure 3.5 show the mean time (in seconds) taken to complete the Grooved

Pegboard by patients with PFT and controls.

Table 3.4: Mean time taken for the Grooved Figure 3.5: Mean time taken for the Grooved Pegboard by
Pegboard by patients with PFT and controls patients with PFT and controls
110 ~
100 +——— .
m -
PFT 74.87 (11.17) 87.09 (19.21) 3?,2, = N
O
Controls 67.05 (7.48) 75.66 (9.17) e 01 1 i |
S ST ® Controls
Mean (sd) 40 +—— =
30 +—
20 +— —
10 +——
0 .
Dominant hand Non-dominant hand

Statistical analysis showed that patients with PFT were significantly slower than controls to
complete the Grooved Pegboard with the dominant hand (t = 2.481, df = 33, p = 0.018;
ANCOVA with age F(1, 35) = 5.462, p = 0.026). However there was no significant
difference between patients with PFT and controls for the non-dominant hand (Mann
Whitney-U test: z=-1.617 p = 0.106; although this did reach significance after age was co-
varied: ANCOVA with age F(1,35) = 5.178, p = 0.030).

In order to investigate whether the difficulties encountered by patients with PFT were due
to difficulties with simple fine motor tasks or whether they were particularly associated
with the intricacy of the movements needed to complete the Grooved Pegboard,
performance on the Annett Pegboard (a simple test of fine motor action) was partialled out
in an ANCOVA. The results showed no significant difference between the performance of
patients with PFT and their controls on the Grooved Pegboard: dominant hand (ANCOVA
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with Annett Pegboard dominant hand F(1,35) = 0.153, p = 0.698); non-dominant hand
(ANCOVA with Annett Pegboard non-dominant hand F(1,35) = 0.000, p = 0.989). This
suggests that the difficulties on the Grooved Pegboard are likely to reflect difficulties with

fine motor actions in general.

There was no significant difference between patients with PFT and controls in the relative
level of performance between the dominant and the non-dominant hand on the Grooved
Pegboard (repeated measure ANOVA F(1,33) = 0.569, p = 0.456).

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed that there was no
significant interaction between location of tumour and performance on the Grooved
Pegboard task. In addition, there was no significant difference between the different
tumour location subgroups in the relative level of performance between the dominant and
the non-dominant hand on the Grooved Pegboard (repeated measure ANOVA F(1,12) =
0.073, p = 0.930).

(ii) Patients with AS: Grooved Pegboard
Table 3.5 and Figure 3.6 show the mean time (in seconds) taken to complete the Grooved

Pegboard by patients with AS and controls.

Table 3.5: Mean time taken for the Grooved Figure 3.6: Mean time taken for the Grooved Pegboard by
Pegboard by patients with AS and controls patients with AS and controls

110
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)
AS 78.07 (22.94) 83.81(19.39) _ 5‘;:
£ 504 BAS

Controls 67.05 (7.48) 75.66 (9.17) £ 50 et
Mean (sd) d g
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Dominant hand Non-dominant hand

Statistical analysis showed that there was no significant difference between the

performance of patients with AS and controls on the Grooved Pegboard with the dominant
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hand (Mann Whitney U-test z = -1.190, p = 0.234, although there was weak evidence for a
significant difference when age was co-varied: ANCOVA with age F(1,34) = 3.828, p =
0.059), and no significant difference for the non-dominant hand (Mann Whitney U-test z =
-1.347, p = 0.178, ANCOVA with age F(1,34) =2.621, p=0.116).

There was no significant difference between patients with AS and controls in the relative
level of performance between the dominant and the non-dominant hand on the Grooved

Pegboard (repeated measure ANOVA F(1,32) = 1.119, p = 0.298).

3.4.1.3 Posting task

This test examines visuo-spatial judgement as well as visuo-motor function (in terms of the
ability to position the hand at specific orientations). The task is based on the posting task
designed by Milner et al. (1991) and used on the famous amnesic patient HM. The
apparatus (shown in Figure 3.7) consists of a circular piece of wood, 250mm in diameter,
with a rectangular slot cut in the centre measuring 125mm by 40mm. This is mounted on

two pieces of wood to a height of 300mm. The circular section can be turned freely.

Subjects are required to post 10 cards
Figure 3.7: Posting task apparatus X
measuring 80mm by 80mm one at a time as
fast as possible using only one hand through
the slot in the vertical circle. This slot can
be positioned at an orientation of 0, 45, 90
and 135 degrees (see Figure 3.7), and for
each of these variables, timings are obtained

for posting the ten cards using only the

dominant hand and for using only the non-

dominant hand. The slot is then reduced in

size by covering up the top three-quarters to
@ @ @ @ make a slot measuring 125mm by 10mm
<] o L - 135

and the posting task is repeated as outlined

above. The task with the smaller slot tests

more high-level visuo-spatial judgment and visuo-motor skills.
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(iii)  Patients with PFT: Posting task
Tables 3.6 and 3.7 and Figure 3.8 show the results of the posting task for patients with PFT

and their matched controls.

Table 3.6: Dominant hand full and quarter gaps:

PFT 12.95 (1.60) 13.03 (2.49) 13:31.(2.35) 11.89 (1.74)

FULL GAP
Controls 10.81 (1.57) 10.58 (1.64) 11.73 (2.26) 10.42 (1.70)
PFT 14.85 (1.99) 14.75 (2.22) 17.92 (4.50) 15.98 (2.56)
QUARTER GAP
Controls 12.68 (1.75) 12.32(1.89) 14.29 (2.27) 13.48 (2.05)
Mean (sd)

Table 3.7: Non-dominant hand full and quarter gaps:

i ! 13.88 (3. % d 12.83 (2.77
FULL GAP PFT 13.15(2.97) 3.88(3.30) 13.87 (2.61) 83 (2.77)
Controls 10.27 (1.75) 11.55 (1.87) 11.56 (1.79) 11.49 (1.49)
PFT 15.80 (3.36) 15.97 (3.05) 18.06 (3.61) 19.95 (4.74)
QUARTER GAP
Controls 12.63 (1.92) 13.01 (1.75) 14.55 (2.07) 14.99 (2.35)
Mean (sd)

Figure 3.8: Mean scores on the posting task for patients with PFT and their controls for the dominant and non-
dominant hands

Dominant hand Nondominant hand
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Statistical analysis showed that patients with PFT were significantly slower than their
matched controls on all of the posting task trials except for dominant hand 90 degrees full
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gap and non-dominant hand 135 degrees full gap, for which there was weak evidence for a

significant difference (see Table 3.8).

Table 3.8: P-values for independent sample t-tests between patients with PFT and controls on the posting task

FULL GAP 0.000  0.001  0.056  0.020 0.001  0.013  0.004
QUARTER GAP 0.002  0.002  0.004 0.003 0.001  0.001  0.001  0.000

0.078

ANCOVA analyses showed that there was no effect of age at testing for any of the trials
(see Table 3.9).

Table 3.9: P-values for ANCOVA with age for patients with PFT and controls on the posting task

FULL GAP 0.001  0.003  0.088  0.028 0.002 0.018 0.007 0.059
QUARTER GAP 0.004 0.003 0.003  0.006 0.001  0.002  0.001  0.001

Analyses with repeated measure ANOVA showed that there was no significant difference
between patients with PFT and controls in the relative level of performance between the

dominant and the non-dominant hand on any of the posting task trials.

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed a significant
interaction between performance on the posting task and location of tumour (F(2,11) =
7.695, p = 0.008). Patients with left hemisphere damage performed best on all of the
posting task trials.  Patients with midline and those with right hemisphere damage
performed at similar levels. Post hoc analysis showed significant differences between the
mean scores of patients with left hemisphere and those with midline damage (p = 0.010)
and between those with left hemisphere and those with right hemisphere damage (p =
0.028). It should be noted that the assumptions for equality of variance were violated for
two conditions (full gap non-dominant 135 degrees and quarter gap non-dominant 45
degrees), even after log transformation, and these results should therefore be interpreted

with caution.
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Analyses with repeated measure ANOVA showed that there was no significant difference
between the tumour location subgroups in the relative level of performance between the
dominant and the non-dominant hand on any of the posting task trials.

In order to determine whether the patients with PFT had significantly more problems with
the quarter gap than the controls relative to performance on the full gap task, t-tests were
carried out on the percentage increase in time taken to post the cards in the quarter gap task
compared to the full gap task. The results showed that the only trial where patients with
PFT were significantly slower was for the non-dominant hand at 135 degrees (t = 2.881, df
=32, p=0.007). They were not significantly faster on any of the trials. The non-dominant
hand 135 degrees is a particularly difficult angle at which to orient the hand and arm and it
is therefore not surprising that patients with PFT had particular problems with this trial

when the posting gap was small.

(iv)  Patients with AS: Posting task
Tables 3.10 and 3.11 and Figure 3.9 show the results of the posting task for patients with
AS and their matched controls.

Table 3.10: Dominant hand full and quarter gaps:

AS 14.82 (4.24) 12.84 (2.94) 14.59 (4.45) 12.67 (2.71)

FULL GAP
Controls 10.81 (1.57) 10.58 (1.64) 11.73 (2.26) 10.42 (1.70)
AS 15.09 (3.49) 14.89 (4.53) 18.99 (4.93) 15.79 (4.49)
QUARTER GAP
Controls 12.68 (1.75) 12.32 (1.89) 14.29 (2.27) 13.48 (2.05)
Mean (sd)

Table 3.11: Non-dominant hand full and quarter gaps:

14.06 (6.07)

NCE & AS 1251 (3.74)  13.72(295)  14.04(5.03)
Controls 1027(1.75)  11.55(1.87)  11.56(1.79)  11.49(1.49)
QUARTER AS 15.15(4.07)  1547(4.05)  17.97(4.12)  20.41 (5.66)
GAP Controls 12.63(1.92)  13.01(1.75) 14.55 (2.07) 14.99 (2.35)

Mean (sd)
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Figure 3.9: Mean scores on the posting task for patients with AS and their controls for the dominant and non-
dominant hands

Dominant hand Nondominant hand
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AS Full Controls Full AS quarter Controls quarter

AS Full Controls Full AS quarter Controls quarter

Statistical analysis showed that patients with AS were significantly slower than their
matched controls on all of the posting task trials except for the non-dominant hand 135
degrees full gap and the dominant hand 135 degrees quarter gap for which there was weak

evidence for a significant difference (see Table 3.12).

Table 3.12: P-values for independent sample t-tests between patients with AS and controls on the posting task

FULL GAP 0.000  0.007  0.019  0.006 0.025 0.013  0.049 0.078
QUARTER GAP 0.012  0.029 0.001  0.051 0.021  0.021  0.003  0.001

ANCOVA analyses indicated that there was an effect of age for non-dominant hand 90
degrees full gap and dominant hand 135 degrees quarter gap as the difference between
patients with AS and controls was not significant for these two trials after age was co-

varied (see Table 3.13).

Table 3.13: P-values for ANCOVA with age for patients with AS and controls on the posting task

FULL GAP 0.001  0.009 0.023  0.007 0.028 0.012  0.057  0.089
QUARTER GAP 0.015 = 0.035 0.001  0.059 0.023  0.025 0.004  0.001
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Analyses with repeated measure ANOVA showed that there was no significant difference
between patients with AS and controls in the relative level of performance between the

dominant and the non-dominant hand on any of the posting task trials.

In order to determine whether the patients with AS had significantly more problems with
the quarter gap than the controls relative to performance on the full gap task, t-tests were
carried out on the percentage increase in time taken to post the cards in the quarter gap task
compared to the full gap task. The results showed that the only trials where patients with
AS showed a significant difference was for the dominant hand at 0 degrees (t = -2.176, df =
32, p=0.037) and for the non-dominant hand at 135 degrees (t = 2.588, df = 32, p = 0.014).
It is important to note that given the large number of statistical tests carried out here, there

is a high probability that these findings may be false positives.

3.4.2 Tests of bi-manual motor action

34.2.1 Bead Threading

The bead threading task is a bi-manual task used to look at fine motor abilities of the hands
and fingers. Participants are given a thread (a length of thin leather) to hold in their

dominant hand and are told that
Figure 3.10: Beads used in the bead-threading task they will be required to thread a
number of beads onto this thread as
fast as possible using their non-

dominant hand. The different

shapes of the beads used in this

a) Round b) Tube-shaped ¢) Disc-shaped task are shown in Figure 3.10.

There are five different conditions,
each of which requires 15 beads to be threaded and the score for each condition is the time
(in seconds) taken to thread 15 beads.
1) In the first condition, a small plastic container is placed in front of the
participant. This bowl contains 15 identical round blue beads with a radius of

approximately 7mm which must be threaded as fast as possible.



CHAPTER 3: MOTOR FUNCTION

(i)

(iii)

(iv)

V)

In the second condition, the plastic container contains eight round blue beads
and seven round green beads and subjects are asked to thread these alternately,
starting with a blue bead.

In the third condition, there are five flat blue circular disc beads, five blue tube-
shaped beads and five blue ball-shaped beads which subjects must thread in the
following order: disc then tube then ball.

The fourth condition is designed to be more cognitively taxing. Here four
identical plastic bowls are placed in a row in front of the subject. The first bowl
contains blue discs, the second contains blue tubes, the third contains blue
circles and the fourth contains green circles. Subjects are told to thread one
from the first bowl (blue discs), two from the second (blue tubes), three from the
third (blue circles) and then one from the fourth (green circles), two from the
first one (blue discs), three from the next one (blue tubes), one from the next one
(blue circles) and so on until they are asked to stop (when a total of 15 beads
have been threaded).

In the fifth and final condition, subjects are presented with 15 tiny blue beads

(with a radius of approximately 2mm) to thread as quickly as they can.

For all these five conditions, a sample thread is placed in front of the subjects that they can

refer to at any time — this is to ensure that the task is not tapping short-term memory.

®

Patients with PFT: Bead threading

Table 3.14 and Figure 3.11 show the mean time (in seconds) taken for each of the

conditions of the bead threading task for patients with PFT and controls.

Table 3.14: Mean time (in seconds) taken for each of the conditions of the bead threading task for patients with
PFT and controls

PFT

55.88 (14.11) 56.07 (13.91) 55.05 (13.82) 57.43 (15.31) 60.96 (15.42)

Controls

44.29 (8.44) 43.04 (7.03) 43.63 (7.94) 45.51(7.57) 50.88 (8.35)

Mean (sd)
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Figure 3.11: Mean scores on the bead threading task for Statistical analysis showed that patients
patients with PFT and controls

with PFT performed significantly more

poorly than their controls on all of the

bead threading tasks: big blue beads

oPFT

scontois|  (Mann Whitney-U test: z = -2.900, p =
0.004; ANCOVA with age F(1,35) =
; , . 7.903, p = 0.008), blue green blue
Big Blue Blue green Disc tube Beads Small blue
Fe L beads (Mann Whitney-U test: z = -
3.601, p < 0.001; ANCOVA with age F(1,35) = 12.228, p = 0.001), disc tube ball beads
(Mann Whitney-U test: z = -3.167, p = 0.002; ANCOVA with age F(1,35) = 8.237, p =
0.007), beads 1,2,3 (after log transformation, t = 3.080, df = 33, p = 0.004; ANCOVA with
age F(1,35) = 7.970, p = 0.008), small blue beads (after log transformation, t = 2.432, df =
33, p=0.021; ANCOVA with age F(1,35) = 5.245, p = 0.029).

Time (s)
c238888383388

In order to investigate whether the difficulties encountered by patients with PFT on the
bead threading task were due to difficulties with simple fine motor tasks or whether they
were particularly associated with the bi-manual co-ordination needed to complete the task,
performance on the Annett Pegboard (dominant hand) was partialled out in an ANCOVA.
The results showed that when performance on the Annett Pegboard was partialled out, there
was still a significant difference for blue green blue beads (ANCOVA with Annett
Pegboard F(1,35) = 4.708, p = 0.038). However, there was only weak evidence for a
significant difference for big blue beads (ANCOVA with Annett Pegboard F(1,35) = 3.217,
p = 0.082); disc tube ball (ANCOVA with Annett Pegboard F(1,35) = 4.098, p = 0.051);
and beads 1,2,3 (ANCOVA with Annett Pegboard F(1,35) = 3.933, p = 0.056); and there
was no significant difference on small blue beads (ANCOVA with Annett Pegboard F(1,35)
= 1.144, p = 0.293). These results indicate that although some of the difficulties on the
bead threading task may be due to underlying difficulties with fine motor function, patients

with PFT do appear to have some problems with the bi-manual co-ordination aspect as well.

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed a significant

interaction between performance on all measures of the bead threading task and location of
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tumour: big blue (F(2,12) = 5.651, p = 0.019); blue green blue (F(2,12) = 10.717, p =
0.002); disc tube ball (F(2.12) = 6.392, p = 0.013); beads 1,2,3 (F(2.12) = 7.772, p = 0.007);
and small blue (F(2,12) = 5.938, p = 0.016). The mean time (in seconds) taken for each of
the conditions of the bead threading task for each of the groups with PFT are shown in
Table 3.15 below.

Table 3.15: Mean time (in seconds) taken for each of the conditions of the bead threading task for groups with PFT

LH damage 46.95 (5.20) 46.21 (4.05) 48.57 (5.11) 49.42 (9.41) 49.80 (9.53)

Midline damage 51.67 (10.92) 50.97 (4.53) 47.97 (10.10) 49.72 (6.01) 58.06 (7.44)
RH damage 69.02 (14.57) 71.04 (14.35) 68.61 (13.99) 73.15 (15.26) 75.04 (16.49)
Mean (sd)

Patients with right hemisphere damage performed more poorly than the other two groups
on all of the bead threading tasks, whereas patients with left hemisphere damage performed
best on all but one (disc, tube, ball) of these tasks. Post hoc analysis showed significant
differences between those with right hemisphere damage and those with left hemisphere
damage for big blue beads (p = 0.020), blue green blue (p = 0.002), disc tube ball (p =
0.025), beads 1,2,3 (p = 0.013) and small blue beads (p = 0.014). Furthermore, there was a
significant difference between those with right hemisphere damage and those with midline
damage for blue green blue beads (p = 0.011), disc tube ball (p = 0.022) and beads 1,2,3 (p
= 0.014) and weak evidence for a significant difference on big blue beads (p = 0.066) and
small blue beads (p = 0.099). There was no significant difference between the performance
of patients with left hemisphere damage and those with midline damage on any of the

measures of bead threading.

(ii) Patients with AS: Bead threading
Table 3.16 and Figure 3.12 show the mean time (in seconds) taken for each of the
conditions of the bead threading task for patients with AS and controls.

Table 3.16: Mean scores on the bead threading task for patients with AS and controls

AS 58.94 (24.25) 61.36 (26.10) 59.00 (25.73) 59.75 (28.02) 66.33 (35.33)

Controls 44.29 (8.44) 43.04 (7.03) 43.63 (7.94) 45.51(7.57) 50.88 (8.35)

Mean (sd)
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Figure 3.12: Mean scores on the bead threading task for Statistical ~analysis showed that

patients with AS and controls ) k
patients with AS  performed

Z‘; significantly more poorly than their

;g ﬁ controls on all of the bead threading
§ 501 i tasks: big blue beads (Mann Whitney
= 40+ m Controls

30 1
20
10 +

U-test: z = -2.695, p = 0.007;
ANCOVA with age F(1,34) = 6.579,
S A1 Teshes '31‘.*;“35 e p = 0.015), blue green blue beads

(Mann Whitney U-test: z = -3.080, p
= 0.002; ANCOVA with age F(1,34) = 9.169, p = 0.005), disc tube ball beads (Mann
Whitney U-test: z = -3.132, p = 0.002; ANCOVA with age F(1,34) = 6.607, p = 0.015),
beads 1,2,3 (Mann Whitney U-test: z = -2.502, p = 0.012; ANCOVA with age F(1,34) =
4.814, p = 0.036) and small blue beads (Mann Whitney U-test: z = -2.205, p = 0.027, when

age is co-varied, there is only weak evidence for a significant difference: ANCOVA with
age F(1,34) =3.494, p=0.071).

In order to investigate whether the difficulties encountered by patients with AS on the bead
threading task were due to difficulties with simple fine motor tasks or whether they were
particularly associated with the bi-manual co-ordination needed to complete the task,
performance on a test of simple fine motor action (the Annett Pegboard dominant hand)
was partialled out in an ANCOVA. The results showed that when performance on the
Annett Pegboard was partialled out, there was no significant difference between the
performance of the patients with AS and the controls: big blue beads (ANCOVA with
Annett Pegboard F(1,34) = 1.860, p = 0.182); blue green blue beads (ANCOVA with
Annett Pegboard F(1,35) = 3.885, p = 0.058); disc tube ball (ANCOVA with Annett
Pegboard F(1,35) =2.330, p = 0.137); beads 1,2,3 (ANCOVA with Annett Pegboard F(1,35)
= 1.630, p = 0.211); small blue (ANCOVA with Annett Pegboard F(1,35) = 1.139, p =
0.294). These results indicate that the difficulties encountered by patients with AS on the
bead threading task are mainly due to the fact that they have difficulties with fast and
accurate fine motor actions, rather than that they have difficulties with the bi-manual co-

ordination of these motor actions per se.
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3.4.2.2 Uni-manual and bi-manual tapping
This is a tapping task used to look at uni- and bi-manual co-ordination abilities. The
apparatus, which consists of two circular brass plates mounted on black plastic bases, is

shown in Figure 3.13. Each brass plate has a diameter of 130mm and is divided into four

quarters, each of which is
Figure 3.13: Apparatus for the Uni-manual and Bi-manual

Tapping tasks numbered 1, 2, 3 or 4. Subjects are

required to use a stylus to ta
ok, o R : ’ ¥

sequentially on these quarters,

|
} using first their dominant hand and
l then their non-dominant hand, as
{
1
|

many times as possible in 30

4 4 4 2

seconds. Subjects are then asked to

use both hands simultaneously, a

task which requires a high level of bi-manual co-ordination skill as the numbers for the two
sets of quadrants are in different positions. Subjects are then required to carry out the uni-
manual tapping again once with the dominant and once with the non-dominant hand, and
the mean for sequential tapping for each hand is calculated. The final part of this test is for
subjects to tap on one quadrant as many times as they can with the stylus in 15 seconds

with their dominant hand and then for 15 seconds with their non-dominant hand.

(i) Patients with PFT: Tapping task
Table 3.17 and Figure 3.14 show the mean numbers of taps for each trial of the uni- and bi-
manual tapping task for patients with PFT and controls.

Table 3.17: Mean number of taps for each trial of the tapping task for patients with PFT and controls

PFT 86.40 (13.79) 75.53 (11.05) 99.93 (15.41) 92.50 (14.21) 24.27 (8.87)

Controls 100.00 (12.34) 89.00 (10.18) 122.70 (19.35) 109.73 (16.40) 33.45(11.47)

Mean (sd)
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Figure 3.14: Mean number of taps for each trial of the tapping  Statistical analysis showed that patients

task for patients with PFT and controls . L
with PFT performed significantly more

::z K poorly than controls on all of the

2 100 L T tapping tasks: dominant sequential
f :: a7 | tapping (t = -3.748, df = 33, p = 0.001;
LI ANCOVA with age F(1,35) = 13.707,
22 | . . p = 0.001), non-dominant sequential
R i oy tapping (t = -3.252, df = 33, p = 0.003;

ANCOVA with age F(1,35) = 9.857, p
= 0.004), bi-manual sequential tapping (t = -2.573, df = 33, p = 0.015; ANCOVA with age
F(1,35) = 5.744, p = 0.023).

In order to further investigate the difficulties encountered by patients with PFT on the
tapping task, a number of different measures were co-varied in an ANCOVA to see
whether the differences remained once these variables had been accounted for: motor
control of hand and arm movements (dominant hand O degrees from the posting task);
tapping ability (dominant hand simple tapping); simple sequential movements (dominant
hand sequential tapping); non-sequential bi-manual motor function (bead threading big blue
beads).

@) Motor control of hand and arm movements
ANCOVA with dominant hand 0 degrees from the posting task showed that although the
significance levels on the tapping task all decreased, there was still evidence for a
significant difference between patients with PFT and controls on non-dominant simple
tapping (ANCOVA with Annett Pegboard F(1,35) = 5.420, p = 0.027); and on dominant
sequential tapping (ANCOVA with posting task F(1,35) = 7.382, p = 0.011) and weak
evidence for a significant difference on dominant simple tapping (ANCOVA with posting
task F(1,35) = 3.506, p = 0.071); non-dominant sequential tapping (ANCOVA with Annett
Pegboard F(1,35) = 3.351, p = 0.077); and bi-manual sequential tapping (ANCOVA with
Annett Pegboard F(1,35) = 3.577, p = 0.069). This indicates that the differences in
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performance between patients with PFT and controls on the tapping task are not simply due

to differences in the motor control abilities for hand and arm movements.

(ii)  Simple tapping
ANCOVA with dominant hand simple tapping showed that although the significance levels
on the bi-manual tapping task decreased, there was still evidence for a significant difference
between patients with PFT and controls on this measure (ANCOVA with dominant hand
simple tapping: F(1,35) = 4.942, p = 0.033). This indicates that the difference in
performance between paﬁent; with PFT and controls on the bi-manual tapping task is not

simply due to differences in simple tapping abilities.

(iii) Simple sequential movements
ANCOVA with dominant hand sequential tapping showed that there was no significant
difference between patients with PFT and controls on bi-manual tapping when differences
in simple sequential tapping were accounted for (ANCOVA with dominant sequential
tapping F(1,35) = 0.015, p = 0.902). These results show that the difficulties on the bi-
manual tapping task may not simply be due to difficulties with the co-ordination of motor
actions for the bi-manual nature of the task, but they may be associated with more general

difficulties with simple sequential tapping movements.

(iv)  Non-sequential bi-manual motor function
When performance on another bi-manual task (big blue beads from the bead threading task)
was partialled out, the differences between patients with PFT and controls disappeared
(ANCOVA with big blue beads: F(1,35) = 2.437, p = 0.128), indicating that difficulties

with the bimanual tapping task are associated with bi-manual co-ordination.

Taken together, these findings indicate that patients with PFT have difficulties on the
tapping task because they have problems with both sequential movements and with the co-
ordination required in order to carry out bi-manual tasks. Their problems on this task are
not related to difficulties with motor control of hand and arm movements, nor with

problems with simple tapping abilities.
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It is interesting to note that there was no significant difference between patients with PFT
and controls in the relative level of performance between the dominant and the non-
dominant hand on the simple tapping tasks (repeated measure ANOVA F(1,33) = 0.001, p
= 0.980), but there was weak evidence for a significant difference on the sequential tapping
tasks (repeated measure ANOVA F(1,33) = 2.914, p = 0.097). As can be seen in Table
3.17 above, both patients with PFT and controls performed better with their dominant hand
than their non-dominant hand, but the relative difference between the two hands was
slightly greater for the controls than for the patients with PFT. This suggests that for the
sequential tapping task, patients with PFT may not show the expected level of enhanced

performance with the dominant hand compared to the non-dominant hand.

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed that there was no
significant interaction between location of tumour and performance on the uni- or bi-
manual tapping tasks. In addition, there was no significant difference between the tumour
location subgroups in the relative level of performance between the dominant and the non-
dominant hand on the simple tapping tasks (repeated measure ANOVA F(1,12) = 0.215, p
= 0.810), or on the sequential tapping tasks (repeated measure ANOVA F(1,12) = 0.219, p
=0.806).

) Patients with AS: Tapping task
Table 3.18 and Figure 3.15 show the mean numbers of taps for each trial of the uni- and bi-
manual tapping task for patients with AS and controls.

Table 3.18: Mean number of taps for each trial of the tapping task for patients with AS and controls

AS 97.14 (19.43) 84.57 (12.65) 103.54 (17.37) 95.36 (17.30) 28.93 (13.76)

Controls 100.00 (12.34) 89.00 (10.18) 122.70 (19.35) 109.73 (16.40) 33.45(11.47)

Mean (sd)
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Figure 3.15: Mean number of taps for each trial of the Statistical analysis showed that patients

tapping task for patients with AS and controls ' =
with AS performed significantly more

poorly than controls on dominant

sequential tapping (t = -2.962, df = 32, p
:’éjnm = 0.006; ANCOVA with age F(1,34) =
9.796, p = 0.004) and non-dominant

Number of taps

sequential tapping (t = -2.458, df = 32, p

DHsimple NHsimple DH NH Bimanual

sequential sequential = 0.020; ANCOVA with age F(1,34) =
6.927, p = 0.013). There was however

no evidence for a significant difference between patients with AS and their controls on bi-
manual sequential tapping (t = -1.042, df = 32, p = 0.305; ANCOVA with age F(1,34) =
0.914, p = 0.346); on dominant tapping (t = -0.525, df = 32, p = 0.603; ANCOVA with age
F(1,34) = 0.186, p = 0.669); nor on non-dominant tapping (t = -1.130, df = 32, p = 0.267;
ANCOVA with age F(1,34) = 1.104, p = 0.301).

In order to further investigate the difficulties encountered by patients with AS with uni-
manual sequential tapping, a number of different measures that were viewed as related to
tapping performance were co-varied in an ANCOVA to see whether the differences
remained once these variables had been accounted for: motor control of hand and arm
movements (dominant hand 0 degrees from the posting task); tapping ability (dominant

hand simple tapping); and complex sequential movements (bi-manual sequential tapping).

(i) Motor control of hand and arm movements
When performance on the posting task (dominant hand 0 degrees) was partialled out, there
was no significant difference for dominant sequential tapping (ANCOVA with posting task
F(1,34) = 2.912, p = 0.098) nor for non-dominant sequential tapping (ANCOVA with
Annett Pegboard F(1,34) = 1.300, p = 0.263). This suggests that differences in the
performance on the tapping task are associated with differences in the level of motor
control of hand and arm movements between patients with AS and controls. As detailed in
Section 3.2, there is a strong tendency for patients with AS to have clumsiness (or a lack of

control and co-ordination of movements) and it is therefore not surprising that problems
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with such motor control may underlie the difficulties encountered by patients with AS on

the unimanual sequential tapping.

(ii)  Simple tapping

When simple tapping ability (dominant hand simple tapping) was partialled out, there was
still a significant difference for dominant hand sequential tapping (ANCOVA with
dominant hand simple tapping: F(1,34) = 8.708, p = 0.006) and non-dominant hand
sequential tapping (ANCOVA with dominant hand simple tapping: F(1,34) = 5.826, p =
0.022). These results indicate that difficulties on uni-manual sequential tapping cannot be
explained by differences in simple tapping ability, and that it is the addition of sequences
that brings out the differences.

(iii) Complex sequential movements
When complex sequential tapf)ing ability (bi-manual sequential tapping) was partialled out,
there was still a significant difference between patients with AS and controls on dominant
sequential tapping (ANCOVA with dominant sequential tapping F(1,34) = 8.279, p = 0.007)
and on non-dominant sequential tapping (ANCOVA with dominant sequential tapping
F(1,34) = 5.195, p = 0.030). These results indicate that difficulties on uni-manual

sequential tapping cannot be explained by differences in complex sequential tapping ability.

Taken together, these findings indicate that the difficulties encountered by patients with AS
on the uni-manual sequential tapping tasks are associated with difficulties with motor
control of the hand and arm but not with simple tapping or complex sequential tapping

ability.

It is interesting to note that there was no significant difference between the performance of
patients with AS and controls' in the relative rate of tapping between the dominant and the
non-dominant hand on the simple tapping tasks (repeated measure ANOVA F(1,32) =
0.144, p = 0.707), but there was weak evidence for a significant difference on the sequential
tapping tasks (repeated measure ANOVA F(1,32) = 4.066, p = 0.052). As can be seen in
Table 3.18 above, both patients with AS and controls performed better with their dominant
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hand than their non-dominant hand on the sequential tapping task. However, the relative
difference between the two hands was greater for the controls than for the patients with AS.
This suggests that for the sequential tapping task, as was the case for the patients with PFT,
patients with AS may not show the expected level of enhanced performance with the

dominant hand compared to the non-dominant hand.

3.4.3 Tests of motor learning
3.4.3.1 Rotary pursuit
This task assesses the ability to learn a new motor action. Subjects are given a stylus to

hold in their dominant hand and are

Figure 3.16: Apparatus for rotary pursuit required to follow a target light as it
rotates in circles around a turntable (see

Figure 3.16).

A total of six blocks of four trials of

— twenty seconds each is completed. The
. blocks are administered in pairs, with a 60
el second break between the pairs, and a 30
\n—v minute break between each set of pairs.
An outline of this task is as follows:
Block 1 Block 2 Block 3 Block 4 Block 5 Block 6
1 : b i 4 ¥ g B
2 &0 2 | 30 minute | 2 i 2 | 30 minute | 2 | oo R
3 second 3 break BEo second |- 3 break e sccond e
4 break T e ' break F 4 e B break (S

The speed of rotation of the light is decided for each participant individually during 15
practice trials. The speed (either 15, 30, 45 or 60 rpm) at which the participant is able to

maintain contact with the target for 25% of the trial or less, is selected.
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Three measures of motor learning were calculated for this task:

a) Initial ability: this was the score at block 1 of the trials and was compared in order
to determine whether all subjects started at a similar level of ability. It should be
noted that subjects were given 15 practice trials prior to measurement of block 1 and
it is therefore possible that a high score on block 1 could demonstrate rapid learning.

b) Fast learning: time on target for block 2 — time on target for block 1

c) Slow learning: time on target for block 6 — time on target for block 1

As detailed in Section 3.3.3, this test involves time-series data over repeated trials and in
order to minimize any effects of measurement error and noise, the learning trajectory for
each individual was first plotted from the raw scores and then linear, logarithmic and
quadratic curves were fitted to each individual learning trajectory. After visual inspection,
the function that best captured the learning of each individual was used to obtain summary
statistics (model scores). The raw scores and the model scores were analysed separately
using independent sample t-tests in order to compare patients and controls on the measures

of initial ability, fast learning and slow learning described above.

(i) Patients with PFT: Rotary pursuit

The raw scores for rotary pursuit of patients with PFT and controls are shown in Figures
3.17 and 3.18 and table 3.19. The results from the model scores are shown in Figures 3.19
and 3.20 and table 3.20.

Figure 3.17: Raw scores on the rotary pursuit for Figure 3.18: Raw scores on the rotary pursuit
patients with PFT for controls
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Table 3.19: Raw scores (in seconds) on the rotary pursuit for patients with PFT and controls:

PFT 16.14 (5.25) 3.50(3.21) 5.96 (7.44)
Controls 21.38 (8.63) 4.16 (4.97) 13.93 (7.00)
Mean (sd)

Statistical analysis showed that there was no significant difference between patients with
PFT and their controls on initial ability (t = -2.021, df = 32, p = 0.052, ANCOVA with age
F (1,34) = 3.026, p = 0.092) or on fast learning (t = -0.437, df = 32, p = 0.665, ANCOVA
with age F (1,34) = 0.076, p = 0.785), but there was a significant difference on slow
learning (t = -3.185, df = 32, p = 0.003, ANCOVA with age F (1,34) = 8.842, p = 0.006),

indicating that controls show significantly more slow learning than patients with PFT.

Figure 3.19: Model scores on the rotary pursuit for Figure 3.20: Model scores on the rotary pursuit for
patients with PFT controls
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PFT 17.21 (5.39) 1.44 (2.04) 5.55(7.01)
Controls 21.72 (8.65) 3.70 (2.53) 14.01 (7.89)
Mean (sd)

For the model values, there was no significant difference between patients with PFT and
their controls on initial ability (t = -1.725, df = 32, p = 0.094; ANCOVA with age F (1,34)
= 2.000, p = 0.167), but there was a significant difference on fast learning (Mann Whitney
U-test z = -2.904, p = 0.004, ANCOVA with age F (1,34) = 6.802, p = 0.014) and on slow
learning (t = -3.220, df = 32, p = 0.003, ANCOVA with age F (1,34) = 9.276, p = 0.005),

with controls performing better than patients with PFT on both of these measures.
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In order to investigate whether any difficulties on the rotary pursuit were due to problems
with arm movements rather than with motor learning, measures of arm movement ability
(posting task dominant hand 0 degrees) were partialled out. The results showed that there
was no significant difference on any of the trials when measures of arm movement ability
were partialled out: initial ability raw scores (ANCOVA with posting task dominant hand 0
degrees: F (1,34) = 2.502, p = 0.124), Initial ability model scores (ANCOVA with posting
task DH 0 degrees: F (1,34) = 1.975, p = 0.170), fast learning raw scores (ANCOVA with
posting task dominant hand 0 degrees: F (1,34) = 0.139, p = 0.711), fast learning model
scores (ANCOVA with posting task DH 0 degrees: F (1,34) = 2.907, p = 0.098), slow
learning raw scores (ANCOVA with posting task dominant hand O degrees: F (1,34) =
2.678, p = 0.112), slow learning model scores (ANCOVA with posting task DH 0 degrees:
F (1,34) = 3.313, p = 0.078). This indicates that the difficulties encountered by patients
with PFT on the rotary pursuit are likely to be associated with difficulties with motor

control of arm movements.

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed no evidence for a
significant interaction between performance on the rotary pursuit task and location of
tumour. However, because there was a specific prediction that individuals with midline
pathology would perform more poorly than patients with pathology of the hemispheres due
to problems with motion perception that have been associated with damage to the midline
cerebellum, the scores for each of the groups on the rotary pursuit are presented in table
3.21 below.

Table 3.21: Actual and model scores on the rotary pursuit for the tumour location subgroups

Group
Left hemisphere 17.44 (7.09) 4.20 (2.08) 8.30 (7.59) 18.45 (7.78) 1.65 (1.25) 6.67 (6.03)
Midline 16.02 (3.68) 1.66 (1.67) 3.26 (5.10) 16.44 (3.68) 0.63 (1.19) 3.38 (5.68)
Right Hemisphere 14.65 (5.33) 4.93 (5.10) 6.41(10.33) 16.61 (4.83) 2.18 (3.48) 6.86 (10.45)

Mean (sd)
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This table shows that, as predicted, patients with midline cerebellar damage performed
more poorly than patients with pathology of the hemispheres on fast and slow learning (for
both actual and model scores) and for initial ability (model scores). The only measure on
which patients with midline pathology did not perform more poorly than the other tumour
groups was initial ability (actual scores). These results suggest that, although the
differences were not found to be significant, patients with midline pathology may have
some difficulties with the rotary pursuit task that are not encountered by individuals with
pathology of the hemispheres. It is possible that these differences may be associated with

problems with motion perception after vermal damage in line with the work of Nawrot and
Rizzo (1995, 1998).

(ii) Patients with AS: Rotary pursuit

The raw scores from the rotary pursuit task for patients with AS and controls are shown in
Figures 3.21 and 3.22 and table 3.22. The results of the predicted scores are shown in
Figures 3.23 and 3.24 and table 3.23.

Figure 3.21: Raw scores on the rotary pursuit for Figure 3.22: Raw scores on the rotary pursuit for
patients with AS controls
60 60
50 4 50 4
=z )
84 8494
" <X
E 20 g 2
" 10 "ol
0 0

Table 3.22: Raw scores on the rotary pursuit for patients with AS and controls:

AS 17.44 (7.88) 3.63 (3.60) 9.77 (6.23)
Controls 21.38 (8.63) 4.16 (4.97) 13.93 (7.00)
Mean (sd)
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Statistical analysis of the results for the rotary pursuit task showed that there was no
significant difference between patients with AS and their controls on initial ability (after
log transformation t = -1.359, df = 32, p = 0.184, ANCOVA with age F (1,34) = 1.689 p =
0.203) or on fast learning (t = -0.346, df = 32, p = 0.732, ANCOVA with age F (1,34) =
0.049 p = 0.826), but there was weak evidence for a significant difference on slow learning
(t=-1.784, df = 32, p = 0.084, ANCOVA with age F (1,34) =2.972, p = 0.095).

Figure 3.23: Model scores on the rotary pursuit for Figure 3.24: Model scores on the rotary pursuit for
patients with AS controls
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2.82(2.07) 9.90 (7.29)

AS 17.78 (8.21)
Controls 21.72 (8.65) 3.70 (2.53) 14.01 (7.89)
Mean (sd)

For the model values, there was no significant difference between patients with AS and
their controls on initial ability (t = -1.332, df = 32, p = 0.192, ANCOVA with age F (1,34)
= 1.639, p = 0.210). In addition, there was no significant difference on fast learning (Mann
Whitney U-test, z = -0.560, p = 0.576, ANCOVA with age F (1,34) = 1.054, p = 0.312) or
on slow learning (t = -1.544, df = 32, p = 0.132, ANCOVA with age F (1,34) =2.352,p =
0.135).
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3.4.3.2 Mirror tracing

This test examines the learning of a new visuo-motor task. Subjects are presented with a

Figure 3.25: Apparatus for mirror tracing

a) Side view of apparatus

b) Top-down view of star to be traced

reflection of a star in a mirror (see Figure
3.25) and are required to trace this star as
quickly and accurately as possible despite
only being able to see a reflection of their
hand (both the time taken (in seconds) to
trace the star and the number of errors
(number of deviations outside the star) are
recorded). The movements required in this
task will tend to be in reverse of those
normally executed when a stimulus is not
mirror-reversed. In order to assess motor
learning, subjects are given five trials with
their dominant hand and then another five
trials with the same hand three hours later.
In addition, before the first set of trials and
after the final set of trials, subjects are
required to trace the star using their non-
dominant hand. The performance with the

non-dominant hand is used as a control here

because it is not trained on this task, instead it is used to check for the learning effect.

A time plan for this task is as follows:

NDH

trial DH trials

3 hour trial

1 |[edlaids pgies| break |[giS moddnohvailing:|

DH trials NpH

Six measures of motor learning were calculated for this task:

a) Initial ability: this was the score at block 1 of the trials and was compared in order

to determine whether all subjects started at a similar level of ability.
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b) Fast learning: time on target for block 2 — time on target for block 1

c) Slow learning: time on target for block 10 — time on target for block 1

d) Retention of learning: time on target for block 6 — time on target for block 5

e) Changes in performance with the untrained hand: time on target for block 2
with the non-dominant hand — time on target for block 1 with the non-dominant
hand.

f) Errors: total number of errors (hits outside of the star being traced).

As detailed in Section 3.3.3, this test involves time-series data over repeated trials. In order
to minimize any effects of measurement error and noise, the learning trajectory for each
individual was first plotted from the raw scores and then linear, logarithmic and quadratic
curves were fitted to each individual learning trajectory. After visual inspection, the
function that best captured the learning of each individual was used to obtain summary
statistics (predicted scores). The raw scores and the predicted scores were analysed
separately using independent sample t-tests in order to compare patients and controls on the

measures of learning (a to f) described above.

(i) Patients with PFT: Mirror tracing
The raw scores of patients with PFT and controls on the mirror tracing are shown in
Figures 3.26 and 3.27 and table 3.24. The results from the predicted scores are shown in
Figures 3.28 and 3.29 and table 3.25.

Figure 3.26: Raw scores (in seconds) on the mirror Figure 3.27: Raw scores (in seconds) on the mirror
tracing task for patients with PFT tracing task for controls
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Table 3.24: Raw data for patients with PFT and controls on the mirror tracing task

PFT 101.92(46.43) -21.44 (31.37) -67.63 (37.74) -1.53 (10.03) -46.18 (38.34) 55.87 (44.30)
Controls 84.35 (46.75) -18.79 (32.65) -59.43 (42.76) -4.62 (6.45) -33.50 (18.82) 73.95 (64.75)
Mean (sd)

Statistical analysis of the raw scores showed that there was no evidence for a significant
difference between the scores of patients with PFT and their controls on initial ability (t =
1.104, df = 33, p = 0.278, ANCOVA with age F (1,35) = 0.717, p = 0.404). In addition,
there was no significant difference on fast learning (t = -0.242, df = 33, p = 0.811,
ANCOVA with age F (1,35) = 0.003, p = 0.959), on slow learning (t = -0.590, df =33, p =
0.559, ANCOVA with age F (1,35) = 0.114, p = 0.738), on retention of learning (t = 1.106,
df = 33, p = 0.277, ANCOVA with age F (1,35) = 1.216, p = 0.278), on changes in
performance with the untrained hand (Mann Whitney U-test z = -0.600, p = 0.549,
ANCOVA with age F (1,35) = 1.027, p = 0.318) or on number of errors (t = -0.929, df = 33,
p = 0.360, ANCOVA with age F (1.35) =2.118, p = 0.155).

Figure 3.28: Predicted scores (in seconds) on the Figure 3.29: Predicted scores (in seconds) on the
mirror tracing task for patients with PFT mirror tracing task for controls
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Figure 3.25: Predicted scores on the mirror tracing for patients with PFT and controls:

PFT 99.92 (45.11)  -16.58 (10.64)  -67.49 (38.61)  -6.11 (3.93)
Controls 81.15(40.38) -15.75(11.79)  -59.10 (38.92) -5.09 (3.35)
Mean (sd)

For the predicted values, statistical analysis showed that there was no evidence for a

significant difference between the scores of patients with PFT and their controls on initial
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ability (t = 1.295, df = 33, p = 0.204, ANCOVA with age F (1,35) = 1.124, p = 0.297). In
addition, there was no significant difference between scores on fast learning (t = -0.215, df
=33, p = 0.831, ANCOVA with age F (1,35) = 0.003, p = 0.957), on slow learning (t = -
0.633, df = 33, p = 0.531, ANCOVA with age F (1,35) = 0.177, p = 0.677) or on retention
of learning (t = -0.827, df = 33, p = 0.414, ANCOVA with age F (1,35) = 0.465, p = 0.500).

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed a significant
interaction between initial ability and location of tumour for both raw (F(2,12) = 6.287,p =
0.014) and predicted (F(2,12) = 5.823, p = 0.017) values. The mean scores for initial
ability for each of the PFT groups are shown in Table 3.26 below.

Table 3.26: The mean scores for initial ability for each of the groups with PFT

LH damage

74.62 (25.60) 76.83 (23.74)

Midline damage 84.19 (36.80) 79.80 (32.91)
RH damage 146.96 (40.92) 143.14 (44.35)
Mean (sd)

Patients with right hemisphere damage performed most poorly and those with left
hemisphere damage performed best. Post hoc analysis (Tukey’s test) showed significant
differences between those with left hemisphere and those with right hemisphere damage for
both the raw (p = 0.017) and predicted (p = 0.027) values and a significant difference
between those with right hemisphere and those with midline damage for both the raw (p =
0.037) and predicted (0.034) values.

(ii) Patients with AS: Mirror tracing
The raw scores of the patients with AS and controls on the mirror tracing task are shown in
Figures 3.30 and 3.31 and table 3.27. The results from the predicted scores are shown in
Figures 3.32 and 3.33 and table 3.28.
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Figure 3.30: Raw scores (in seconds) on the mirror Figure 3.31: Raw scores (in seconds) on the mirror

tracing task for patients with AS tracing task for controls
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Table 3.27: Raw scores on the mirror tracing for patients with AS

AS 91.21 (36.95) -17.24 (19.45)  -60.35 (27.94) -8.81 (14.51) -50.82 (27.01) 58.86 (73.07)
Controls  84.35(46.75)  -18.79(32.65) -59.43 (42.76)  -4.62(645)  -33.50(18.82)  73.95 (64.75)
Mean (sd)

Statistical analysis of the raw scores for the mirror tracing task showed that there was no
evidence for a significant difference between patients with AS and their controls on initial
ability (t = 0.458, df = 32, p = 0.650, ANCOVA with age F (1,34) = 0.144, p = 0.707).
There was no significant difference on fast learning (t = 0.158, df = 32, p = 0.875,
ANCOVA with age F (1,34) = 0.055, p = 0.817), on slow learning (t = -0.071, df =32, p =
0.944, ANCOVA with age F (1,34) = 0.000, p = 0.987), on retention of learning (Mann
Whitney U-test, z = -0.525, p = 0.600, ANCOVA with age F (1,34) = 1.132, p = 0.296) or
on total number of errors (t = -0.635, df = 32, p = 0.530, ANCOVA with age F (1,34) =
0.950, p = 0.337). There was however a significant difference on changes in performance
with the untrained hand (-2.208, df = 32, p = 0.035, ANCOVA with age F (1,34) = 0.950, p
= 0.337), with patients with AS showing a greater improvement in the untrained (non-

dominant) hand than controls.
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Figure 3.32: Predicted scores (in seconds) on the Figure 3.33: Predicted scores (in seconds) on the
mirror tracing for patients with AS mirror tracing for controls
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Table 3.28: Predicted scores on the mirror tracing for patients with AS and controls:

AS 88.09 (36.20) -12.56 (8.71) -60.06 (28.64) -5.78 (2.94)
Controls 81.15 (40.38) -15.75 (11.79) -59.10 (38.92) -5.09 (3.35)
Mean (sd)

For the predicted values, statistical analysis showed that there was no evidence for a
significant difference between the scores of patients with AS and their controls on initial
ability (t = 0.514, df =32, p = 0.611, ANCOVA with age F (1,34) = 0.196, p = 0.661). In
addition, there was no significant difference on fast learning (t = 0.860, df = 32, p = 0.396,
ANCOVA with age F (1,34) = 0.860, p = 0.361), on slow learning (t =-0.078, df =32, p =
0.938, ANCOVA with age F (1,34) = 0.001, p = 0.977) or on retention of learning (t = -
0.618, df =32, p=0.541, ANCOVA with age F (1,34) = 0.339, p = 0.565).

Effects of age at surgery for patients with PFT

Correlation analyses were performed between age at surgery (in months) and the results of
each of the motor tests described above for the patients with PFT. The results showed that
there was a significant positive correlation between age at surgery and fast learning on the
mirror tracing task (Pearson correlation coefficient = 0.610, p = 0.016), indicating that
patients who were younger at occurrence of pathology tended to show greater fast learning

than patients who were older at occurrence of pathology.
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Correlation analyses also showed that there was weak evidence for a significant negative
correlation between age at surgery and performance on the beads 1,2,3 task (Pearson

correlation coefficient = -0.446, p = 0.096). There were no other significant correlations.

There was a specific hypothesis that patients with early pathology of the cerebellum (age
five and younger) would perform better on tests of motor function than patients with later
pathology (age six and above) due to the greater plasticity of the younger brain. In order to
investigate this possibility, independent sample t-tests were carried out between the
performance of patients with PFT who had pathology at age five and younger and patients
with PFT who had pathology at age six and older on each of the motor tests considered

above.

The results showed that the only measures on which the two groups differed were fast
learning on mirror tracing (for actual values) and initial ability on the rotary pursuit (for

both actual and predicted values).

The mean scores of the two groups on these three measures are shown in table 3.29 below.

Table 3.29: Scores on the mirror tracing fast learning and rotary pursuit initial ability (actual and predicted) for
the early and late groups with PFT

20.23 (5.35)

Early -38.43 (18.49) 18.84 (5.07)

Late -6.57 (33.67) 13.44 (4.12) 14.19 (3.62)
Mean (sd)

Statistical analysis showed that the late group demonstrated significantly less fast learning
on the mirror tracing task than the early group (t = -2.221, df = 13, p = 0.045). In addition,
the late group performed significantly more poorly than the early group on initial ability on
the rotary pursuit for both raw (t = 2.186, df = 12, p = 0.049) and predicted (t = 2.474, df =
12, p = 0.029) values.

Given the large number of statistical tests carried out here, it is important to note that there
is a high probability of obtaining false positive results and these findings should therefore

be interpreted with caution.
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Effects of time since surgery for patients with PFT

Correlation analyses were also performed between time in months since surgery and the
results of each of the motor tests described above. The results showed that there was a
significant positive correlation between time since surgery and posting task quarter gap
dominant hand 90 degrees (Pearson correlation coefficient = 0.543, p = 0.045). There was
weak evidence for a significant negative correlation between time since surgery and fast
learning on the mirror tracing task (Pearson correlation coefficient = -0.468, p = 0.079) and
for a significant positive correlation between time since surgery and initial ability on the
rotary pursuit task, both for the raw (Pearson correlation coefficient = 0.528, p = 0.052) and
predicted (Pearson correlation coefficient = 0.516, p = 0.059) scores. There were no other
significant correlations. As was the case for the correlations with age at injury, these
results should be interpreted with caution due to the high probability of a Type I error

associated with the large number of statistical tests carried out here.

3.5 Discussion

As stated in the methods section, adjustment for multiple comparisons was not performed
in this thesis. Instead, a cut-off was chosen in order to flag problematic motor functions in
each of the two patient groups which will require further investigation in future studies. It

is important therefore to re-iterate that the results should be interpreted with some caution.

3.5.1 Patients with PFT

The performance of patients with PFT on the motor tests is summarized in table 3.30 below.

Table 3.30: Performance of patients with PFT on the motor tests

Annett Pegboard Impaired on dominant and non-dominant hand

1. Uni-manual motor function Grooved Pegboard Tmpairedian dosninmi th’ snd nan-donsmant
hand (when age co-varied)

Posting task Impaired

Bead threading Impaired
2. Bi-manual motor function

Tapping task Impaired

Rotary pursuit Impaired on fast and slow learning

3. Motor learning
Mirror tracing Not impaired
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1. Uni-manual motor function

The predictions that patients with PFT would perform more poorly on all of the tests of uni-
manual motor function (the Annett Pegboard and Grooved Pegboard which assess fine
motor action and the posting task which assesses motor control of the arm and hand) were

supported.

The Annett Pegbdard was the most basic test of fine motor action and patients with PFT
performed significantly more poorly than controls on this task with both the dominant and
non-dominant hand, demonstrating that these patients have problems with even the most

simple uni-manual fine motor actions.

The Grooved Pegboard required more fine motor dexterity than the Annett Pegboard and
the results showed that patients with PFT performed significantly more poorly on this test
with the dominant hand, and with the non-dominant hand when differences in age were co-
varied. It is interesting to note that the difficulties experienced by patients with PFT on the
Grooved Pegboard could be accounted for by their difficulties on the Annett Pegboard,
indicating that they did not have additional problems with the high level of dexterity needed
to complete the task, but that their problems were related to more general difficulties with

fine motor actions.

These findings that patients with PFT have difficulties With fine motor action are in line
with a previous study of patients with PFT carried out by Levisohn et al. (2000), and also
with functional imaging studies that have found cerebellar activation during movement of
the fingers (Fox et al. 1985; Blinkenberg et al. 1996; Sadato et al. 1996; Jueptner et al. 1997,
Nitschke et al. 2003).

The results of the posting task showed that patients with PFT had significantly more
difficulties with the control of arm and hand movement than did controls. This is in line
with research that has shown that the cerebellum is involved in the control of motor actions

(Ellerman, et al., 1994; Braitenberg et al., 1997). However, it is important to note that
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comparison between posting ability through a small slot and a large slot showed that

patients with PFT may not have particular problems with the accuracy of movements.

2. Bi-manual moter function
In line with predictions, patients with PFT were found to be impaired on the two tests of bi-

manual motor action (bead threading and the tapping task).

For the bead threading task, patients with PFT performed significantly more poorly than
controls on all of the variables. These difficulties were not merely due to difficulties with
fine motor actions because there was still evidence for a difference between the
performance of patients with PFT and controls on the bead threading task when differences
in performance on a simple fine motor task (the Annett Pegboard) were partialled out.
These findings indicate that thé problems encountered by the patients with PFT are likely to

be associated with difficulties with bi-manual co-ordination abilities.

For the tapping task, patients with PFT performed more poorly than controls on all of the
variables, including both the uni-manual and bi-manual trials. None of the difficulties on
this task were due to difficulties with motor control of the hand and arm, and the difficulties
on the sequential tapping tasks were not due to difficulties with the motoric action of
tapping. However, difficulties on the bi-manual sequential tapping were found to be
associated with difficulties in carrying out uni-manual sequential movements and with the
bi-manual nature of the task (the differences between patients with PFT and controls
disappeared when differences in bi-manual function on the bead threading task were

partialled out).

Taken together, the results from the two tests of bi-manual motor function demonstrated
that patients with PFT have particular difficulties with the co-ordination of movements.
This is in line with research that has shown that the cerebellum is involved in motor co-

ordination (Miall et al., 2000; 2001; Debaere et al. 2004).
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3. Motor learning

The prediction that patients with PFT would perform significantly more poorly than
controls on the two measures of motor learning (the rotary pursuit and the mirror tracing)
was not fully supported by the results. Analysis of both raw and model data showed that
patients with PFT did not perform significantly differently from controls on any of the
measures of motor learning assessed through the mirror tracing task. For the rotary pursuit
task, however, patients with PFT performed significantly more poorly than controls on fast
learning (predicted values) and on slow learning (raw and predicted values). This indicates
that patients with PFT have significant difficulties with aspects of the rotary pursuit task
that are not involved in the mirror tracing task. The rotary pursuit task has a greater timing
component than the mirror tracing task as it involves the timed pursuit of a moving target
and it is therefore possible that patients with PFT have particular difficulties with the
timing aspects of this task. Visual observation of patients carrying out the rotary pursuit
revealed consistent abnormalities in the way that the movements were carried out. Patients
with PFT seemed unable to execute smooth sustained movements of the arm and hand,
instead producing shorter, jerky movements as they tried to follow the rotating light with
the stylus. The rotary pursuit and mirror tracing tasks do actually differ in the type of
movement involved — the mirror tracing involves more distal movements of the hand and
fingers, whereas the rotary pursuit involves more proximal movements of the arm.
However, when measures of motor control of hand and arm movements (posting task
dominant hand 0 degrees) were partialled out, the results were not affected, indicating that
difficulties with arm movements could not account for all the problems encountered by the
patients with PFT on the rotary pursuit task. These findings suggest that patients with PFT
may have problems with the timing and motor learning aspects of the rotary pursuit task,

not simply with the execution of the motor actions involved.

A) Associations between tumour location and functional impairment:

Comparisons between the performance of patients with PFT on the basis of the location of
their tumour (left hemisphere, right hemisphere or midline) revealed that the groups
demonstrated significantly different levels of performance on four tests: the Annett

pegboard, the posting task, the bead threading and initial ability on the mirror tracing. For
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all of the tests except the Annett pegboard, patients with left hemisphere performed best
and patients with right hemisphere damage performed most poorly. For the Annett
pegboard, patients with left hemisphere also performed best, but patients with midline
damage performed more poorly than patients with right hemisphere damage.

It had been predicted that patients with pathology of the cerebellar hemispheres would
perform more poorly than patients with midline pathology on timed tests of uni-manual and
bi-manual motor action because damage to the cerebellar hemispheres had been associated
with a reduction in the speed of arm movements (Immisch et al. 2003). This prediction was
not supported, however, as patients with midline pathology performed more poorly than
patients with right or left hemisphere pathology on the Annett pegboard which is a test that
depends on fast movements of the hand and arm. These findings suggest either that the
vermis is also important for arm movement speed, or that patients with midline damage had
difficulties because the Annett pegboard tests another ability which depends on an intact
cerebellar vermis (one possibility might be the grasping motion required to pick up the pegs
between finger and thumb).

The fact that patients with right hemisphere damage performed particularly poorly on a
number of measures of motor function, whereas patients with left hemisphere pathology
performed relatively well on these measures would be consistent with localisation of
function in the cerebellum. These findings suggest that regions of the right cerebellar
hemisphere may play an integral role in motor control of the hand and arm (the posting task
and initial ability on the mirror tracing) and in bi-manual coordination for fine motor
abilities (the bead threading task); whereas an intact left cerebellum may not be essential
for successful completion of these tests of motor function. However, this possibility

requires further investigation in future studies.

The differences between the performance of the patients with damage to different cerebellar
hemispheres is unlikély to be related to the extent of damage, as there was a similar overall

level of damage in patients with right and left hemisphere pathology. The particular
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lobules that are damaged (and thus the extent of pathology) in each of the groups with right
or left hemisphere damage are reported in Chapter 5.

It had also been predicted that patients with midline pathology would perform particularly
poorly on the rotary pursuit task as this depends on motion perception abilities which have
been found to be affected by pathdlogy of midline cerebellum (Nawrot and Rizzo, 1995;
1998). Although there was no significant difference between the performance of the
tumour location subgroups on the rotary pursuit, examination of the scores showed that
patients with midline pathology did perform more poorly on all but one (initial ability
actual score) measures of the rotary pursuit, providing very preliminary support for the

possibility that the midline cerebellum may play a role motion perception abilities.

B) Effects of age at pathology:

The possible effects of age at pathology on motor outcome were investigated with
correlation analyses between the age at surgery and the results of each of the motor tests
reported above and with direct comparisons between the performance of patients who had
early pathology (age five and younger) and patients who had late pathology (age six and
older) on these motor tests. It was predicted that patients with late pathology would
perform more poorly than patients with early pathology due to the limited plasticity of the
brain in older individuals. The results indicate that surgery performed at a late age (age six
and above) may have a detrimental effect on the ability to learn new skills. It appears that
it is the ability to rapidly learn these new skills that may be most affected as fast learning
was impaired on the mirror tracing task, and initial ability (which is likely to reflect fast
learning as this measure is taken after a number of practice trials) was impaired on the

rotary pursuit. The two groups did not differ on measures of slow learning.

It is important to emphasize that due to the large number of statistical tests carried out in
this study, the probability of obtaining false positive results is high and these findings
should therefore be interpreted with caution. Nevertheless, this study has started to identify
the aspects of motor function that may be of particular interest for future investigations into

the effects of pathology at different ages.
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C) Effects of time since surgery:

The possible effects of time elapsed since surgery on motor outcome was investigated with
correlation analyses between the time since surgery and the results of each of the motor
tests reported above. In line with the prediction, there were very few correlations between
time since surgery and performance on the motor tests. The only significant finding was
that the shorter time that has passed since surgery, the more poorly patients with PFT tend
to perform on one of the posting task trials and there is a high probability that this single
significant finding is a false positive result, given the large number of statistical tests

carried out here.

The results of mixed-model analyses (repeated measure ANOVAs) which were carried out
for all of the tests involving the same trial with both the dominant and the non-dominant
hand showed that there was no evidence for a significant difference between the level of

performance between the two hands for patients with PFT and controls.

3.5.2 Patients with AS
The performance of patients with AS on the motor tests is summarized in table 3.31 below.

Table 3.31: Performance of patients with AS on the motor tests

Impaired on dominant hand but not on non-

Astnpts Prgooued dominant hand
1. Uni-manual motor function
Grooved Pegboard Not impaired
Posting task Impaired on most trials
Bead threading Impaired
2. Bi-manual motor function Impaired on uni-manual sequential tapping but
Tapping task not on uni-manual simple tapping or on bi-
manual tapping
Rotary pursuit Not impaired

3. Motor learning

Mirror tracing Not impaired
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1. Uni-manual motor function

It was predicted that patients with AS would perform significantly more poorly than
controls on the Annett Pegboard and the posting task, but not on the Grooved Pegboard.
These predictions were partially supported by the results.

Patients with AS performed significantly more poorly than controls on the dominant hand
for the Annett Pegboard but not on the non-dominant hand. This indicates that patients
with AS have some difﬁculﬁes with simple fine motor actions in line with previous
research (Ghaziuddin et al. 1994; Klin et al. 1995). The finding that patients with AS were
impaired with their dominant hand but not with their non-dominant hand suggests that there

may be some asymmetry in the level of performance with the two hands in patients with AS.

For the Grooved Pegboard, patients with AS did not perform significantly more poorly than
controls with either the dominant or the non-dominant hand, indicating that they did not
have particular difficulties with the fine motor actions required in this task. This is in line
with a study by Weimer et al. (2001) who found that patients with AS were not impaired on

the Grooved Pegboard compared to controls.

For the posting task, patients with AS performed more poorly than controls on almost all of
the trials, indicating that they did have problems with the control of more gross movements
of the hand and arm. This result was expected because, as suggested in Section 3.3.2,
difficulties with control of gross motor action are likely to be associated with the
clumsiness that is often reported in individuals with autism. It is interesting to note that
patients with AS did not seem to have problems with the accuracy of movements as they
did not perform more poorly than controls on posting cards through a small slot compared

to a large slot.

Taken together, the results from the tests of uni-manual motor function showed that patients
with AS have limited difficulties with fine motor action, but have particular difficulties

with motor control of hand and arm movements as assessed by the posting task.
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2. Bi-manual motor function

It was predicted that because of the problems with motor co-ordination which are
manifested in the form of clumsiness in individuals with AS, patients with AS would
perform more poorly than controls on both the bead threading and the tapping task as these
require the co-ordination of motor actions between the ‘right and left hands. The results
showed that patients with AS pérformed signiﬁcantly more poorly than controls on all
measures of the bead threading task and on uni-manual sequential tapping (dominant and
non-dominant hand) but not on bi-manual tapping or on uni-manual simple tapping
(dominant and non-dominant hand). Further investigation revealed that the difficulties on
the bead threading could be explained by difficulties with fine motor action because the
group differences disappeared when fine motor ability (performance on the Annett
Pegboard dominant hand) was partialled out. This fact, together with the finding that
patients with AS did not perform significantly more poorly than controls on the bi-manual
tapping task, indicates that patients with AS do not have particular difficulties with bi-

manual co-ordination.

Further investigation of the performance of patients with AS and controls on the tapping
task showed that differences in performance on the uni-manual sequential tapping tasks
could be explained by differences in motor control of the hand and arm. This is again in
line with the fact that patients with AS have particular problems with clumsiness and gross
motor control, and provides evidence that these problems with clumsiness manifest

themselves in a variety of different motor actions.

3. Motor learning

The prediction that patients with AS would not perform significantly more poorly than
controls on either of the tests of motor learning was supported. For the mirror tracing task,
the only measure on which there was a significant difference between patients with AS and
controls was for changes in performance with the untrained hand, with patients with AS
actually showing a greater increase in performance with the untrained hand than controls.
However, this is likely to be associated with the fact that the initial performance with the

non-dominant hand was much poorer for patients with AS than for controls (t = 2.103, df =
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32, p = 0.043). There was no significant difference between patients with AS and controls
on any of the other measures of motor learning on the mirror tracing task, and in fact
patients with AS actually performed better that controls on almost all the measures of this

task.

For the rotary pursuit, there was no significant difference between the performance of
patients with AS and their controls on any of the measures of motor learning. These
findings thus support the prediction that patients with AS would not have significant
problems with motor learning. It is worth noting that visual observation revealed that
patients with AS did show odd movements when carrying out the rotary pursuit task. They
had a tendency to grip the stylus tightly and rush the circular movements so that they
repeatedly found themselves waiting for the light to catch up to the stylus before continuing

to follow it round again.

The results of mixed-model analyses (repeated measure ANOVAs) which were carried out
for all of the tests involving the same trial with both the dominant and the non-dominant
hand showed that there was no evidence for a significant difference between the level of

performance between the two hands for patients with AS and controls.

3.5 Summary

The investigations into motor function in patients with PFT and patients with AS have
revealed that patients with PFT have difficulties with a variety of uni-manual and bi-
manual motor functions but are not impaired on all measures of motor learning. Within the
patient group with PFT, individuals with right hemisphere pathology had difficulties with
all measures of motor function, individuals with left hemisphere pathology had relatively
few difficulties and individuals with midline pathology had difficulty on a test of fine

motor ability and some subtle problems with a task involving motion perception.

The results for the patients with AS showed that they have difficulties with motor control of
the hand and arm and have some difficulties with fine motor action. It was argued that the

problems with motor control of the hand and arm are related to the clumsiness frequently
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reported in individuals with autism and AS. Despite these motor control difficulties,
patients with AS did not have difficulties with bi-manual motor function or with motor
learning, indicating that a number of motor functions may not be problematic for these

patients.
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CHAPTER 4: COGNITIVE FUNCTION

The aims of the studies presented in this chapter were to characterize the cognitive abilities
of the patient groups with posterior fossa tumours, and those with Asperger’s Syndrome
and to gain an understanding of the pattern of intact and impaired cognitive functions that

may be associated with different types of cerebellar abnormality.

As discussed in Section 1.1, depending on the timing and extent of brain pathology, there
will be different effects on the development of behavioural and cognitive function. In AS,
the brain abnormality is thought to be present right from the beginning of in utero
development and is therefore presumed to affect the earliest connections and networks of
the developing brain. This means that from the very start, the brains of individuals with AS
are compromised in terms of their potential. Individuals with PFT, on the other hand, have
had normal brains and normal development prior to the onset of the tumour. For these
patients, further development of cognitive and behavioural function subsequent to the
tumour will be dependent on a number of factors. These include the precise location of the
tumour, the extent of the damage caused by the tumour as well as the timing of the damage
(which will determine the extent to which lower-level as opposed to higher-level functions

are affected).

Furthermore, different aspects of cognition do not develop in isolated modules, but rather in
interaction and association with a wide variety of networks and neurobiological systems.
For this reason, and because of the extensive number of connections between different
functional brain systems, it is possible that pathology in one region (and the direct resultant
effects on functions subserved by that region) will also indirectly compromise functions in
other regions, systems or networks as well. Therefore, the focus of the investigations in
this chapter will be not solely on the primary core deficits in each of the patient groups, but

also on other associated problems or difficulties.
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Before detailing the particular tests of cognitive function that were used in this study,
previous work on cognition in patients with PFT and in patients with AS will first be

considered.

Chapter outline

The chapfer starts with an overview of previous studies of cognition in each of the two
patient groups. On the basis of this previous work, as well as the functional imaging
studies of the cerebellum considered in Chapter 1, hypotheses as to the predicted outcomes
of the cognitive tests administered in this study will then be outlined. The methods and
results of the different tests aré divided into sections according to the cognitive domain they
assess (e.g. literacy, numeracy, visual matching, copying and drawing, and executive
function comprising the domains of attention, working memory, and category sorting). The
chapter ends with a discussion and summary of the pattern of intact and impaired cognitive

abilities in each of the two patient groups.

4.1 Cognitive function in patients with PFT

Relatively few investigations have been carried out on the cognitive functions of
individuals who have undergone surgery for posterior fossa tumours. A number of these
studies were described in Section 1.4.3.1.5 and will therefore only be briefly outlined here.
Steinlin et al. (2003) found that patients with PFT had problems with memory, speed of
processing and interference, and a number also had problems with attention. In addition,
Steinlin et al. (2003) noted the presence of various psychiatric symptoms, including
anorexia, phobia, temper tantrums and addiction problems. Riva & Giorgi (2000) found
some evidence for localisation of function in the cerebellum. They found that damage to
the right cerebellum was associated with deficits in auditory sequential memory and
language processing, and damage to the left cerebellum was associated with deficits in
spatial and visual sequential memory. Both of these studies found that damage to the
vermis was specifically associated with behavioural disturbances or psychiatric
complications. A study by Levisohn et al. (2000) found impairments in executive function,
visuo-spatial function,'expressive language, modulation of affect (particularly associated

with vermal damage) and verbal memory in patients with PFT. In addition, they found that
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the neurobehavioural outcome is related to age at surgery, with younger children being less
likely to show cognitive or affective deficits. A study by George et al. (2003), which
showed that patients with PFT were impaired on IQ and memory, also found associations
between age at diagnosis and behavioural outcome. However, in their study, the children
who had surgery at a younger age were more impaired, having significantly lower IQs than
the older children.

It is interesting to consider these findings in the light of the mechanisms of normal and
abnormal brain development. As was detailed in Section 1.1, early pathology tends to have
more widespread adverse effects on cognitive function than late pathology, particularly if
the brain damage is sustained before cognitive functions have developed. Such early
pathology will consequently affect both basic functions and the more specialized abilities
that develop through modularization and depend on these basic functions being intact.
Furthermore, after early brain pathology, compensation mechanisms are thought to come
into play that sacrifice high-level functions in order that basic functions can be rescued. It
would therefore be predicted that posterior fossa tumours that develop early in life will
result in restrictions in overall cognitive ability, and ultimately with restrictions in the
development of higher-order cognitive functions. These latter functions may be sacrificed
in order to ensure that basic functions such as speech and communication, and visuospatial
processing can be rescued. In contrast, individuals who develop tumours later in life would
be predicted to show little restriction in overall cognitive and intellectual function but more

selective deficits depending on the site and extent of pathology.

Unfortunately, few studies of patients with PFT have directly examined the effects of age at
surgery. The two studies detailed above that investigated effects of age at pathology found
contradictory results: Levisohn et al. (2000) found that individuals who had surgery when
they were older had more cognitive problems, whereas George et al. (2003) found that, in
line with the predictions of the current study, individuals who had surgery when they were
younger had more severe coénitive problems. However, it is important to consider the
particular functions on which the different patient groups were found to have difficulties.
Levisohn et al. (2000) found that their patients with PFT had difficulties with a
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combination of low and high-level functions ranging from memory to executive functions
and visuo-spatial abilities. They found that individuals who were older at age at surgery

had more problems than younger children.

There is evidence from other patient populations in support of the idea that some aspects of
cognitive abilities can be spared'by corripensétory mechanisms after early péthology. For
example, Vargha-Khadem et al. (2003) carried out a study where they compared episodic,
semantic, and immediate meﬁow in a group of children who had hypoxic-ischemic events
before the age of one (early group) with a group of children who had hypoxic-ischemic
events between the ages of 6-14 (late group). They found that the early group performed
significantly better than the late group on immediate memory, but that the groups
performed at a similar level on episodic and semantic memory. This led Vargha-Khadem
et al. (2003) to conclude that only some aspects of memory and learning may be effectively
rescued by early brain injury, with others remaining deficient irrespective of early or late

onset of pathology.

The idea that individuals who have pathology at a younger age are particularly impaired on
high-level cognitive functions, whereas older individuals show more selective deficits
related to the functions subserved by the particular region of the brain that is damaged will
be further investigated in this thesis.

Additional work that has been carried out on children with cerebellar lesions includes a
study by Scott et al. (2001). They carried out magnetic resonance imaging scans as well as
neuropsychological tests on seven children with cerebellar lesions. The results showed that
lateralized damage to the cerebellum might selectively impair the cognitive functions in
which the contralateral hemisphere of the cerebrum is involved. Furthermore, Hetherington
et al. (2000) found that lesions of the cerebellum that occur in childhood result in enduring

problems in short-duration perception, despite intact functional estimation of long durations.

In summary, previous studies of cognitive function in patients with PFT suggest that they

may have difficulties with a variety of cognitive functions including executive function,
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language (expressive and receptive), memory, visuo-spatial abilities, attention and speed of
processing. Furthermore, evidence suggests that there may be an association between age
at surgery and the severity of cognitive deficits: pathology at an early age may result in
problems with high-level cognitive functions despite intact basic functions; in contrast,
pathology at a later age is more likely to result in selective deficits depending on the precise

area of the brain that is damégéd.

4.2 Cognitive function in patients with autism and AS

As detailed in Section 1.4.3.2.1, autism is characterized by a triad of impairments in social
interaction and communication, and restricted and repetitive behaviours and interests. There
has been much interest in autism and Asperger’s Syndrome and numerous studies have
been carried out to investigate cognitive function in these patients. The cognitive domains
in which individuals with autism have most consistently been found to show impairments
are language and communication, face recognition, executive function and memory, and

research into each of these domains is considered in some detail below.

a) Language and communication
As detailed in Section 1.4.3.2.1, one of the defining characteristics of autism is an
impairment in both verbal and non-verbal communication. Even when language is present,
it is often used for instrumental purposes rather than for social interaction. Furthermore,

the language used has a tendency to be egocentric and repetitive (Tager-Flusberg, 1996).

Studies have found that the comprehension of language is impaired in autism (Bowler,
1992; Kerbeshian and Burd, 1986), and comprehension problems are actually more severe
than problems with expression in individuals with autism (Boucher, 2003). This is
associated with the fact that the expressive language used by individuals with autism is
particularly formulaic, in that phrases may be memorized and re-produced (Loveland et al.,

1997), and specific grammatical orders may be repeated (Dobbinson et al. 1998).

Individuals with AS appear to have particular problems with semantics. They have

problems in understénding non-literal language such as play on words, metaphors and irony,
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despite the fact that they have normal levels of vocabulary and grammatical skills (Happé,
1994).

b) Visua!l perception (including face processing)
One of the most consistent findings in investigations of visual perceptual abilities in autism
is an impairment in the recognition of faces which appears to be independent of basic
visuospatial processing abilities (Kracke, 1994; Szatmari et al. 1990). Deruelle et al.
(2004), for example, carried out a study on face processing in individuals with autism
where they required subjects to recognize faces on the basis of a number of variables
including identity, emotion, gender, direction of gaze and lip reading. The results showed
that, in contrast to controls, individuals with autism were better at matching on high
frequency than on low frequency facial information (i.e. on local rather than global facial
features). Furthermore, compared to controls, individuals with autism had problems
matching faces on all of the variables except for identity matching. The inability to
recognize facial expressions is likely to be associated with difficulties in social interaction
highlighted in the theory of mind explanation of autism. As explained in Section 1.4.3.2.1,
theory of mind refers to the ability to infer mental states including beliefs, desires,
intentions, imagination and emotions (e.g. Baron-Cohen et al. 1994). This ability to infer
other people’s thoughts or feelings relies heavily on the ability to interpret facial
expressions, and given that individuals with autism have difficulty with this, it is not

surprising that they are not able to identify other people’s thoughts or feelings.

It is important to note that this inability to recognize faces and facial expressions does not
appear to be due to a more global problem with visual perceptual abilities, but seems to be a
very specific difficulty. Studies have shown that individuals with autism perform at a
similar or possibly even better level than controls on tests of visual perception and
matching that do not involve faces. These tests include a visual-spatial Stroop task
(Rinehart et al. 2002), block design (Bowler, 1992; Kerbeshian and Burd, 1986) a task
requiring the shifting of attention from local to global features (Rinehart et al. 2001) and the
Embedded Figure Test that was designed to assess visual perception abilities (Shah and
Frith, 1983; Joliffe and Baron-Cohen, 1997).
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In summary, individuals with autism have particular difficulties with the identification of
faces and facial expressions and it is likely that these problems are associated with their
difficulties with social interaction. Despite this severe impairment in face recognition,

evidence suggests that many other visual perceptual abilities are intact.

¢) Executive function
Executive function refers to the ability to guide and influence behaviour by referring either
to previous mental models or to anticipated future goals. There is much evidence to
suggest that effective executive functioning depends on the integrity of the frontal lobes,
and, as described in Section 1.4.3.2.1, there is evidence to suggest that the frontal lobes
may be abnormal in autism (Carper and Courchesne, 2000; Minshew et al., 1993; Bailey et
al., 1998; Hughes et al., 1994)'. Patients with AS have been shown to exhibit severe deficits
on tests of executive function (Upton and Corcoran, 1995; Bechara et al. 1994; Bishop,
1993). Furthermore, one of the theories of autism, the theory of executive dysfunction, is
based on the fact that individuals with autism have difficulties with executive functioning,
which is associated with abnormalities in the regions of the frontal lobes that subserve those
functions. A number of studies that have investigated executive function in individuals
with autism are considered below in order to demonstrate the nature and extent of

difficulties that these individuals encounter with executive functioning.

The first study to be considered was carried out by Ozonoff et al. (2004). They carried out
an investigation of executive functions in individuals with autism using a planning task and
a measure of set shifting ability from the Cambridge Neuropsychological Test Automated
Battery (CANTAB). The results showed that individuals with autism performed
significantly more poorly thah controls on both of these tasks, indicating that individuals
with autism have difficulties with at least two forms of executive function: planning and set
shifting. This study supported the group’s previous findings that individuals with
Asperger’s Syndrome were impaired on two tests of executive function: the Tower of
Hanoi (which assesses planning abilities) and the Wisconsin Card Sorting Task (WCST
which assesses mental flexibility or set-shifting abilities) (Ozonoff et al. 1991).
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Another study of executive function in autism was carried out by Geurts et al. (2004). They
found that individuals with autism were significantly impaired on tests of a number of
different executive functions, including inhibition, planning, cognitive flexibility and verbal
fluency. Furthermore, they found that individuals with autism show more generalized and
more profound problems with these tasks than do individuals with attention deficit
hyperactivity disorder (ADHD), supporting the possibility that executive dysfunction is

particularly prominent in autism compared to other developmental disorders.

In summary, evidence suggests that individuals with autism have difficulties with a number
of aspects of executive function, including planning, set-shifting, inhibition and verbal
fluency. Given that these functions are known to depend on the integrity of the frontal
lobes, it is likely that these difficulties are associated with abnormalities in the frontal lobes

in individuals with autism.

d) Memory
Studies of memory in individuals with autism have found that working memory and
recognition skills tend to be intact, despite problems with long-term recall. Minshew and
Goldstein (2001), for example, administered a battery of auditory and visual memory tests
to a group of 52 individuals with autism and 40 matched control participants. The results
showed that the individuals with autism performed particularly poorly on the immediate
and delayed recall of a story and of a complex geometric figure, on a list-learning task, on
word span and on repetition of complex sentences. However, they performed at a similar
level to controls on working memory, paired-associated learning tasks and on letter span.
Minshew and Goldstein (2001) concluded that the memory problems encountered by these
individuals are not modality specific and that individuals with autism have greater
difficulties with more complex materials. This is in line with a study by Ozonoff and
Strayer (2001) who found that individuals with autism were not impaired on five dependent
measures of working memory, and therefore argued that working memory is not one of the

executive functions on which individuals with autism have particular difficulties.
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Individuals with autism have been found to perform relatively well on tests of recall if this
is cued or if the stimuli have previously been repeatedly presented. For example, a study
by Boucher and Warrington (1976) demonstrated intact cued recall in individuals with
autism. They showed that individuals with autism are able to recall pictures if they are
provided with a semantic or a phonetic cue. Boucher and Warrington (1976) also
demonstrated that individuals with autism were not Sighiﬁcahtly impaired on a recall task
that involved the repeated presentation of stimuli over a number of trials. Thus it may be
free recall in particular with which individuals with autism have difficulties. Support for
this possibility comes from a study by Bowler et al. (1997) who showed that individuals
with autism were impaired on a task involving the recall of a list of words after a single
presentation of this list. In addition, Boucher and Warrington (1976) found that individuals

with autism were impaired on a task involving free recall of pictures presented once.

Further support for problems with free recall in individuals with autism comes from a study
by Bennetto et al. (1996). They found that individuals with autism performed significantly
more poorly than controls on tests of source memory, temporal order memory, supraspan
free recall and working memory, but not on short- and long-term recognition, cued recall or
new learning ability. Bennetto et al. (1996) had hypothesized that given the difficulties
with executive functions that have been reported in individuals with autism, these patients
should perform at a similar level to other patient groups with executive function deficits.
Their results supported this hypothesis and Bennetto et al. (1996) therefore argued that the
memory difficulties encountered by individuals with autism were associated with a limit in

the capacity of their central cognition.

This suggestion of a capacity limitation is in line with a study Russell et al. (1996). They
administered tests of working memory to individuals with autism and found that, although
they used similar articulatory rehearsal methods to the control participants, individuals with
autism performed more poorly than matched controls on tests designed to look at the

capacity of the central executive of working memory.



CHAPTER 4: COGNITIVE FUNCTION

There is evidence to suggest that there may be a difference in the level of memory function
between individuals at the top end of the autistic spectrum (individuals with high
functioning autism and Asperger’s Syndrome) and individuals lower down this spectrum.
It has been argued that individuals at the top end of the autistic spectrum have intact
semantic (factual) memory, but a selective impairment in episodic (contextual) memory.
Individuals lower down the specfnim, on the other rhand, aré thought to have more
widespread problems with both aspects of memory (Boucher, 1981; Boucher and Lewis,
1989; Farrant et al. 1998).

In summary, evidence suggests that individuals with autism have selective problems with
memory. It seems that working memory, cued recall and recognition abilities are relatively

intact, but that free recall tends to be impaired.

4.3 Methods

4.3.1 Cognitive tests administered

As discussed at the beginning of this chapter, cognition does not develop in isolation. For
this reason, and because of the large number of connections between different functional
brain systems, it was deemed to be important to focus not only on the primary core deficits
in each of the patient groups, but also on other associated problems or difficulties that
might be present. Therefore, the cognitive tests included in this study were selected to tap a
variety of cognitive domains ranging from basic functions through to complex higher-order
abilities in order to gain an understanding of the pattern of intact and impaired cognitive
functions that may be associated with different types of cerebellar abnormality. The
particular cognitive tests chosen for this study were those on which previous studies had
found patients with cerebellar damage to be impaired (for example digit span and corsi
block span). For those functions that had not previously been tested on cerebellar patients,
common standardized tests were chosen wherever possible (for example the Benton test of
facial recognition). The only test that does not fit into either of these categories is the face-
sorting test. However, as described in Section 4.4.4.3 below, this test is a modified version
of the Wisconsin Card Sorting test (WCST) on which patients with cerebellar damage have

previously been found to show impairment. It was decided to use this test rather than the
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WCST because this test still assesses executive function in the same way as the WCST,
however it has the added benefit of testing face recognition abilities which are thought to be
abnormal in individuals with autism (Kracke, 1994; Szatmari et al. 1990).

The first tests to be described are baseline tests of literacy (WORD) and numeracy (WOND)
that were administered in order to gain an understanding of the general level of academic
function of the different patient and control participants. The literacy test was particularly
interesting for the patients with AS, because an abnormality in verbal communication is one
of the defining characteristics of autism, and because the results of the developmental
questionnaire showed that out of 14 patients, eight were reported by their parents to have
language problems. Furthermore, by directly assessing literacy skills, it was hoped that it
would be possible to determine whether language problems in AS were more severe than

problems with other cognitive functions.

The next tests to be described are tests of visual matching abilities, which were used to
investigate basic visual processing abilities in order to determine whether any impairments
on more complex tasks (such as face-sorting which is described below) may be due to
difficulties with visual matching abilities. The first of these tests is the Benton test of Line
Judgment that looks at the ability to match lines presented at different orientations. This is
a purely visual perceptual task that does not require any motor abilities and was included to
test the prediction that individuals with autism have selective problems with visual
perception that are confined to facial recognition, and that they should therefore perform at
a level similar to controls on this test of visual perception abilities. The second test of
visual perception abilities is the Benton test of facial recognition which examines abilities
to match human faces under normal and unusual lighting conditions and when the faces are
presented at different angles. There is much evidence to suggest that individuals with
autism have difficulties with matching faces and recognizing facial expressions. This test is
particularly useful because facial expressions are kept constant, but the cues by which the
faces can be matched vary. This means that it should be possible to determine whether the
patients with AS have difficulties with all aspects of face-matching, or whether there are

particular parts on which they struggle. For patients with PFT, there is little evidence to
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indicate that cerebellar pathology results in problems with visual perception. However, as
explained at the beginning of this section, it is important to investigate not only the core
deficits of patients but also to investigate other cognitive functions as it is very possible that

cerebellar pathology also impacts on other functional brain systems.

The next test to be reported is a test of copying and drawing, which depends on attention,
working memory and visual perceptual abilities. This is the test of visuo-motor integration
(VMI). The VMI builds on the Benton lines test described above as it depends on similar
visuo-perceptual abilities but also requires motor actions as subjects are required to copy a
number of increasingly complex shapes, rather than simply identifying matching lines.
This test was included because it was deemed interesting to investigate the degree to which
visual perceptual abilities are intact in each of the patient groups and to see whether, if they
performed well on the Benton lines test, they would also perform well on this test which

required additional motor abilities.

Attention is an aspect of executive function subserved by the frontal lobes and as detailed
in Section 1.4.3.2.1, there is evidence to suggest that individuals with autism have
abnormalities in the frontal lobes. Furthermore, pathology of the cerebellum is likely to
affect its connections to the frontal lobes and it is therefore likely that patients with PFT
will experience difficulties with attention control. The tests selected to assess attention
abilities are the letter and number cancellation tasks. These are simple tests that look at
visual scanning and attention to detail and are suitable for the entire age range of

individuals who participated in this study (age 8-20).

For working memory, tests of verbal (digit span and word and non-word repetition) and
spatial (Corsi block-span) working memory were administered in order to investigate the
extent of working memory function in the different patient populations. Individuals with
autism have been argued to have intact working memory and we were interested in
determining whether this was also true for individuals with Asperger’s Syndrome.
Furthermore, there is mounting evidence that the cerebellum is involved in memory (Fiez et

al., 1996; Paulesu et al., 1993, 1995; Desmond et al., 1997; Mathiak et al. 2004) and that
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individuals with PFT have difficulties with memory (Steinlin et al., 2003; Riva and Giorgi,
2000; Levisohn et al., 2000) and it was therefore also of particular interest to look at
working memory function in individuals with PFT. Finally, the results of the
developmental questionnaire showed that 6 out of 15 patients with PFT and 8 out of 14
patients with AS were reported by their parents to have problems with memory and it was

therefore important to investigate these memofy problems.

The final test to be reported is a complex test of executive function designed by Vargha-
Khadem and Isaacs (unpublished) that requires the integration of a number of different
abilities. This is the face-sorting task (an analogue of the Wisconsin Card Sorting Task)
that requires attention, working memory, visual perception and matching abilities as well as
the higher-level abilities of set maintenance and perseverance avoidance. This task builds
on the simple matching required in the Benton test of facial recognition, as the faces in this
task differ on emotion, age and race. This means that it should be possible to further
investigate the nature of the difficulties with the identification of facial expressions in
individuals with autism and also to investigate whether these patients are able to match
faces on the basis of age and race. The executive functions tested by the face-sorting task
are known to rely on the frontal lobes. Given the fact that there is evidence that the frontal
lobes are abnormal in autism, and that the strong connections between the cerebellum and
the frontal lobes mean that cerebellar pathology is likely to impact on frontal lobe function

in patients with PFT, the results of this face-sorting test should be informative.

4.3.2 Aims and Predictions

The aims of the neuropsychological studies of cognitive function reported in this chapter
were (1) to characterize the nature of cognitive difficulties that result after
neurodevelopmental compared to acquired pathology of the cerebellum; (2) to determine
whether, within the patient group with PFT, there is any association between location of
tumour (left hemisphere, midline or right hemisphere) and functional impairment; (3) to
determine whether, within the patient group with PFT, there is a relationship between age at
pathology and functional impairment; (4) to determine whether, within the patient group

with PFT, there is a relationship between time since surgery and functional impairment; (5)
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to investigate whether individuals with AS have difficulties with executive functions, in
line with the theory of executive dysfunction in autism; and (6) to investigate whether
individuals with AS have global difficulties in face processing and whether these
difficulties are associated with the socio-emotional impairments that are characteristic of

autism.

Between-group comparisons of neuropsychological data from each of the patient groups
and their matched control group were carried out. On the basis of previous studies of
patients with PFT, of patients with AS and of cerebellar function, the predictions for the

cognitive abilities of each of the two patient groups are as follows:

@) Patients with PFT
Patients with PFT will have difficulties compared to control participants in:

- Attention. This is because previous studies of patients with PFT have revealed
problems with attention (Steinlin et al. 2003); because functional imaging studies
have found activation in the cerebellum during attention tasks (Allen et al., 1997; Le
et al.,, 1998; Rees et al.,, 1997) and because attention relies on intact frontal lobe
function and damage to the cerebellum is likely to impact on the frontal lobes
because of the strong connections between these brain areas.

- Working memory. There is evidence from functional imaging studies to suggest
that the cerebellum plays an important role in working memory (Andreasen et al.
1995; Desmond et al.,, 1997). Furthermore, the results from the developmental
questionnaire presented in Chapter 2 showed that out of 15 patients, 6 were reported
by their parents to have problems with memory. Tests of both verbal and spatial
working memory are administered in order to investigate the working memory
difficulties encountered by these patients.

- Executive functions. These functions are subserved by the frontal lobes and
include the ability to maintain set and the ability to avoid perseverance in the face-
sorting task. Patients with PFT are predicted to be impaired on executive functions

because it is predicted that cerebellar pathology will result in damage to the
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connections of the cerebellum and thus difficulties with functions in which the
frontal lobes are involved.
= There will be an association between tumour location and functional impairment.
Individuals with pathology of the right cerebellum will be impaired on tasks involving
language (because the left cerebral hemisphere which controls language has contralateral
connections to the right cerebellum) and individuals with patholégy of the left
cerebellum will be impaired on tasks involving spatial abilities (in line with Riva and
Giorgi, 2000).
= Given that compensatory mechanisms are thought to come into play after early
pathology of the brain which ensure that basic functions are intact, it is predicted that
patients who had early pathology of the cerebellum (age five and younger, before
children have received structured academic instruction) will perform better than patients
who had later pathology (age six and above) on tests of basic functions (these include
the WORD, the WOND which test academic attainment, the letter and number
cancellation task which tests attention and the word and non-word repetition, digit span
and Corsi block span which test working memory). However, given that compensatory
mechanisms which come into play at an early age may have an adverse effect on the
development of higher-level functions (see Section 1.1), it is predicted that patients who
had early pathology of the cerebellum (age five and younger) will be impaired on high-
level cognitive functions (executive function as assessed by the face-sorting task and
visuo-spatial functions as assessed by the VMI, Benton test of facial recognition and
Benton test of line judgment) compared to patients who had later pathology of the
cerebellum (age six and above).
s There will be very few significant correlations between time since surgery and
performance on any of the cognitive tests. This is because all of the patients with PFT
who are taking part in this study are seen at least two years post-surgery and it is

predicted that after this time there will be no more major changes in the brain.

(ii)  Patients with AS
= Patients with AS will have difficulties compared to control participants with:
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- Literacy. Patients with AS are predicted to be impaired on the tests of basic reading
and spelling from the WORD because the results of the developmental questionnaire
showed that 9 out of 14 patients were reported by their parents to have difficulties
with language. Furthermore, patients with AS are predicted to be impaired on the
test of reading comprehension because abnormal communication is one of the
principal characteristics of autism.

- Attention. This is because attention relies on intact frontal lobe function and there
is evidence to suggest that the frontal lobes are abnormal in individuals with autism.

- Working memory: Executive functions depend to a certain degree on intact
working memory abilities (Berman et al., 1995) and because of the strong
predictions concerning'impairments in executive function in individuals with autism,
it should be informative to investigate the level of working memory abilities in
individuals with AS. Previous studies have found that working memory abilities are
intact in individuals with autism. Nevertheless, the results of the developmental
questionnaire showed that out of 14 individuals with AS, 8 were reported by their
parents to have difficulties with memory, and the possibility that these memory
problems are problems with working memory in particular in individuals with AS
therefore requires investigation.

- Face matching. This ability is tested by the Benton Test of Facial Recognition and
the face-sorting task. Patients with AS are predicted to be impaired on tests of face
matching because previous studies have found that individuals with autism have
particular difficulties with the recognition of faces and of facial expressions
(Deruelle et al., 2004; Kracke, 1994; Szatmari et al. 1990) and because difficulties
with face processing are likely to be associated with the socio-emotional
impairments characteristic of autism. It is predicted that face matching will be the
only area of visual perception on which individuals with AS will show an
impairment compared to controls; they are not predicted to have difficulties with the
Benton test of line judgment, nor with the test of visuo-motor integration (VMI).

- Executive functions. These functions are subserved by the frontal lobes and
include the ability to maintain set and the ability to avoid perseverance in the face-

sorting task. Patients with AS are predicted to be impaired on tests of executive
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function because previous studies have identified abnormalities in the frontal lobes
in autism (Carper and Courchesne, 2000; Minshew et al., 1993; Bailey et al., 1998;
Hughes et al., 1994) and because in some respects individuals with autism have been
found to perform in a similar way to patients with pathology of the frontal lobes
(Shallice, 1988). Furthermore, the theory of executive dysfunction maintains that
problems with executive function can explain the pattern of abnormalities seen in
individuals with autism. In addition, a previous study found that individuals with
Asperger’s Syndrome were impaired on two tests of executive function: the Tower

of Hanoi and the Wisconsin Card Sorting Task (Ozonoff et al. 1991).

4.3.3 Statistical analyses

The main statistical methods employed in this study were detailed in Section 2.2.3. In
order to assess main effects of group, statistical analyses were carried out between patients
with PFT and their matched controls and between patients with AS and their matched
controls using independent sample t-tests. In addition, for tests that did not have
standardized scores, ANCOVA analyses were carried out with age as a covariate in order to
determine whether the age of the participants had any effect on the results. ANOVAs were
carried out in order to investigate whether there were any within-group differences in the
patients with PFT related to the location of the tumour (left hemisphere, right hemisphere
or midline tumour), and in order to determine whether there were any effects of age at
pathology or time since pathology, correlation analyses (Pearson’s) were carried out

separately between each of these measures and each of the measures of cognitive function.

As explained in Section 2.2.3, multiple comparison adjustment was not performed in this
thesis. Instead a cut-off of p<0.05 was chosen as a mechanism for flagging potential
problematic cognitive functions in the patient groups which will require further
investigation in future studies. Any significant findings at this level (p-values <0.05) will
be interpreted with caution and where there were strong expectations of effects, p values in
the range 0.05 - 0.1 will also be commented upon (these will be referred to as weak

evidence for an effect).
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44 Results
The methods and results for each of the cognitive tests for both the patients with PFT and

the patients with AS are detailed in this section.

4.4.1 Academic attainment
44.1.1 Wechsler Objective Reading Dimensions (WORD)

The WORD (Rust et al., 1993) was administered to assess reading and spelling abilities.
This test comprises three sub-tests (Basic Reading, Spelling, Reading Comprehension) each
of which is scored separately as well as producing a combined score (the WORD composite
standard score) for the whole test. This is a standardized test and therefore age-adjusted
standardized scores were calculated and used in the analyses of the results. The WORD is
designed for children between the ages of 6 years 0 months and 16 years 11 months;
however it was administered to all participants in this study as the patient groups in
particular were unlikely to reach ceiling values. For participants over 16 years 11 months
of age, the age-adjusted scores for the highest age group (16 years 8 months to 16 years 11

months) were used.

a) Patients with PFT: WORD
Table 4.1 and Figure 4.1 show the mean standard scores on the subtests of the WORD as

well as the composite standard score for patients with PFT and their controls.

Table 4.1: Mean standard scores on the WORD for patients with PFT and controls

PFT 98.27 (17.93) 100.07 (15.08) 100.20 (17.11) 95.93 (17.24)
Controls 100.40 (12.04) 100.30 (8.27) 100.40 (12.63) 100.80 (11.12)
Mean (sd)
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Figure 4.1: Mean standard scores on the WORD for Statistical analysis showed that patients with

tients with PFT and control o e
P i PFT performed significantly more poorly than

:2 controls on the reading comprehension subtest
i .
5 of the WORD (Mann-Whitney U-test: z = -
g : scesl  1.974, p = 0.048). However, the score for
27 patients with PFT was still a good score for this
0
R - -y test indicating that although they performed

more poorly than controls, reading
comprehension does not appear to be particularly problematic for these patients. In
addition, the standard deviations are very large, indicating that there is much variation in
performance between individual patients with PFT. There was no significant difference
between patients and controls for the other measures of the WORD (reading, spelling and
composite score): WORD composite score (t = -0.329; df = 23; p = 0.745), basic reading (t
= -0.044; df = 23; p = 0.965), spelling (t = -0.032; df = 23; p = 0.975).

ANCOVA analyses revealed that the difference on the reading comprehension subtest
could not be accounted for by differences in levels of verbal IQ (ANCOVA F(1,25) = 4.988,
p=0.036.)

Further analysis within the PFT group (one-way ANOVA between patients with left
hemisphere, right hemisphere and midline pathology) between patients with left
hemisphere, right hemisphere and midline pathology) showed that there was no interaction

between tumour location and performance on any of the measures of the WORD.

b) Patients with AS: WORD
Table 4.2 and Figure 4.2 show the mean standard scores on the subtests of the WORD as

well as the composite standard score for patients with AS and their controls.

Table 4.2: Mean standard scores on the WORD for patients with AS and controls

AS 103.71 (12.29) 103.64 (9.38) 106.21 (16.15) 99.93 (11.74)
Controls 103.60 (7.23) 106.00 (5.40) 104.40 (6.84) 99.40 (10.71)
Mean (sd)
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Figure 4.2: Mean standard scores on the WORD for Statistical analySIS showed that there was no
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reading comprehension (t=0.113; df =22; p
=0.911).

Because there were strong predictions that individuals with AS would be impaired on the
language abilities tested by the WORD, differences in VIQ levels were partialled out using
ANCOVAs. This did not, however, affect the results.

It should be noted that although the mean levels of performance on the subtests of the
WORD were similar for the patients with AS and the controls, individuals with AS show a
greater variation in performance than do controls, particularly for the spelling subtest (as
indexed by the standard deviations reported in Table 4.2). This suggests that it is possible
that some patients with AS may have particular problems with language, but that others
perform better than controls and this might explain why statistical analysis showed no

significant differences between the two groups.

4.4.1.2 Wechsler Objective Numerical Dimensions (WOND)

The WOND (Rust, 1996) was administered to assess mathematical abilities. It comprises
two sub-tests (mathematics reasoning and numerical operations) both of which are scored
separately as well as producing a combined score (the WOND composite standard score)
for the whole test. This is a standardized test and therefore age-adjusted standardized scores
were calculated and used in the analyses of the results. As was the case for the WORD, the
WOND was also designed for children between the ages of 6 years 0 months and 16 years
11 months; however, it was administered to all participants in this study as the patient

groups in particular were unlikely to reach ceiling values. For participants over 16 years 11
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months of age, the age-adjusted scores for the highest age group (16 years 8 months to 16

years 11 months) were used.

a) Patients with PFT: WOND
Table 4.3 and Figure 4.3 show the mean standard scores on the subtests of the WOND as

well as the composite standard score for patients with PFT and their controls.

Table 4.3: Mean standard scores on the WOND for patients with PFT and controls

PFT 99.27 (17.14) 100.93 (16.74) 97.00 (15.26)

Controls 93.00 (17.98) 91.60 (15.88) 94.20 (18.78)
Mean (sd)
Figure 4.3: Mean standard scores on the WOND for Statistical ana]ysis showed that there was

patients with PFT and controls
no significant difference between patients

::Z =2 with PFT and their controls on any of the
§ 12 ] H I i f T measures of the WOND: composite
§ :: mcomras]  gtandard score (t = 0.879; df = 23; p =

20 {— 0.389), mathematical reasoning (t = 1.393;

T it | Vet e df = 23; p = 0.177), numerical operations
reasoning  operations

(t=0.410; df = 23; p = 0.685).

Further analysis within the PFT group (one-way ANOVA between patients with left
hemisphere, right hemisphere and midline pathology) showed that there was no interaction

between tumour location and performance on the WOND.

b) Patients with AS: WOND
Table 4.4 and Figure 4.4 show the mean standard scores on the subtests of the WOND as

well as the composite standard score for patients with AS and their controls.

Table 4.4: Mean standard scores on the WOND for patients with AS and controls

AS 107.79 (21.42) 105.00 (20.81) 107.64 (20.59)
Controls 115.40 (11.19) 114.90 (11.85) 112.40 (12.19)
Mean (sd)
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Figure 4.4: Mean standard scores on the WOND for patients
with AS and controls
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4.4.2 Visual matching
4.4.2.1

Statistical analysis showed there was

no significant difference between
patients with AS and their controls on
any of the measures of the WOND:
composite standard score (t = -1.024;
df = 22; p = 0.317), mathematical
reasoning (t = -1.351; df = 22; p =
0.190), numerical operations (t = -

0.651; df = 22; p = 0.522).

Benton Judgment of Line Orientation

This is a test of visuospatial matching ability (Benton et al., 1978; Benton et al., 1983)

Figure 4.5: Stimuli from the Benton Judgment of Line
Orientation test

5 6§ 7

/10

®

which requires subjects to identify
which two of eleven black lines
presented in a semicircular pattern (see
Figure 4.5) match the orientation and
angle of two target lines. The test has
thirty items in each of which there are
two lines to be matched and the

maximum total score is 30.

Patients with PFT: Benton judgment of line orientation

Table 4.5 and Figure 4.6 show the mean scores on the Benton lines test for the patients with

PFT and their controls.
Table 4.5: Mean scores on the Benton lines Figure 4.6: Mean scores on the Benton lines test for patients
test for patients with PFT and controls with PFT and controls
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PFT 52.13 (3.09)
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Benton lines
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Statistical analysis showed that there was no significant difference between the
performance of patients with PFT and controls on the Benton lines test (t = 0.023, df = 23,
p =0.982, ANCOVA with age F(1,25) = 0.053, p = 0.819).

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed that there was no

significant interaction between location of tumour and performance on the Benton lines test.

(ii) Patients with AS: Benton judgment of line orientation
Table 4.6 and Figure 4.7 show the mean scores on the Benton lines test for the patients with

AS and their controls.

Table 4.6: Mean scores on the Benton lines Figure 4.7: Mean scores on the Benton lines test for patients
test for patients with AS and controls with AS and controls

60
AS 53.36 (4.88) 205
Control 55.20 (3.62) 2 B —
Mean (sd) g2 @ Controls

20—

Benton lines

Statistical analysis showed that there was no significant difference between the
performance of patients with AS and controls on the Benton lines test (t =-1.011, df =22, p
=0.323, ANCOVA with age F(1,24) =0.771, p = 0.390).

4.4.2.2 Benton test of Facial Recognition
This test was designed by Benton and Van Allen (1968) and Benton et al. (1994) to assess
the ability of subjects to match unfamiliar human faces in different orientations and under
different lighting conditions. The 1983 version of the full test (long-form) was
administered in this study (Benton et al. 1983). This consists of three sections:

a) Matching identical face-on photographs: A single face-on photograph is

presented to the subject who is asked to choose which one of six face-on
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photographs presented below the original, shows the same person. A total of six
target faces (three male and three female) is presented in this section.

b) Matching of face-on with three-quarter-view photographs: A single face-on
photograph is presented to the subject who is asked to choose which three of the six
three-quarter-view photographs presented below the original, show the same person.
A total of eight target faces (four male and four female) is presented in this section,
requiring a total of 24 responses.

c) Matching of face-on photographs under different lighting conditions: A single
face-on photograph taken under full lighting is presented to the subject who is asked
to choose which three of six face-on photographs taken under different lighting
conditions and presented below the original, show the same person. A total of eight
target faces (four male and four female) is presented in this section, requiring a total

of 24 responses.

0 Patients with PFT: Benton test of face recognition
Table 4.7 and and Figure 4.8 show the mean scores on the Benton faces test for the patients

with PFT and their controls.

Table 4.7: Mean scores on the Benton faces test for the patients with PFT and their controls

PFT 43.00 (5.84) 6 (0) 20.17 (3.52) 16.73 (2.66)

Control 44.90 (4.46) 6 (0) 21.70 (2.31) 17.20 (2.62)
Mean (sd)

Figure 4.8: Mean scores on the Benton faces test for patients B}, patients with PFT and controls
with PFT and controls

correctly matched all the identical face-
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o on photographs and statistical analysis
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b statistical analysis showed that there was
0 . . .
Total score  Identical face- Faceonand  Face-on, no significant difference between the
on 3/4 different
oing performance of patients with PFT and

controls: total score (t = -0.871, df = 23, p = 0.393, ANCOVA with age F(1,25) = 0.387, p
= 0.540); face-on and % view (t = -1.133, df = 23, p = 0.269, ANCOVA with age F(1,25) =
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0.857, p = 0.365); face-on under different lighting (t = -0.433, df = 23, p = 0.669,
ANCOVA with age F(1,25) = 0.035, p = 0.854).

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed that there was a
significant interaction between location of tumour and performance on the Benton faces
total score (F(2,12) = 7.631, p = 0.007) and on matching the face-on and % view
photographs (F(2,12) = 7.350, p < 0.001) and weak evidence for a significant interaction
between tumour location and performance on matching face-on photographs under different

lighting conditions (F(2,12) =2.479, p = 0.073).

The mean scores for each of the PFT groups on each of the Benton faces scores are shown

in Table 4.8 below.

Table 4.8: Mean scores on the Benton faces test for PFT groups

LH damage 44.00 (5.24) 21.20 (2.17) 16.80 (3.27)

Midline damage 47.60 (1.52) 22.80 (0.84) 18.80 (0.84)
RH damage 37.40 (4.78) 16.80 (3.70) 14.60 (1.52)
Mean (sd)

Patients with right hemisphere damage performed most poorly on the Benton faces test, and
patients with midline damage performed best. Patients with right hemisphere damage had
particular difficulties with matching face-on photographs with % view ones. Post hoc
analysis (Tukey’s test) showed that there was a significant difference between those with
midline and those with right hemisphere damage for the total score (p = 0.006), for
matching face-on and % view photographs (p = 0.007) and for matching face-on
photographs under different lighting (p = 0.023). There was a significant difference
between those with left hemisphere and those with right hemisphere damage for matching
face-on and % view photographs (0.043), weak evidence for a significant difference
between these groups for the total score (p = 0.068) and no evidence for a significant
difference on matching face-on photographs under different lighting conditions (p = 0.272).
There was no significant difference between those with left hemisphere and those with

midline damage on any of the measures of this test. These results indicate that individuals
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with right hemisphere damage may have particular difficulties with this task compared to
individuals with pathology affecting other areas of the cerebellum. However, there were
large standard deviations for both patients with left hemisphere and patients with right
hemisphere pathology on this test, indicating that there was much variation in the
performance of patients with damage to similar regions of the cerebellum. These findings

will therefore be interpreted with caution.

(ii) Patients with AS: Benton test of face recognition
Table 4.9 and Figure 4.9 show the mean scores on the Benton faces test for the patients

with AS and their controls.

Table 4.9: Mean scores on the Benton faces test for the patients with AS and their controls

AS 41.43 (3.82) 6 (0) 20.29 (1.68) 15.29 (2.40)

Control 44.50 (3.31) 6(0) 21.40 (1.96) 17.10 (2.47)
Mean (sd)
Figure 4.9: Mean scores on the Benton faces test for patients Both patients with AS and controls
with AS and controls ) »
correctly matched all the identical
J face-on photographs and statistical
analysis was therefore not carried out
BAS o e
acontros||  ON these scores. For the remaining
measures of this test, statistical
analysis showed that there was weak
Total score Identical face- Face-onand  Face-on, . i .
on 34 different evidence for a significant difference

lighting

between patients with AS and
controls for the total score (t = -2.051, df = 22, p = 0.052, ANCOVA with age F(1,24) =
4.242, p = 0.052) and for the matching of face-on photographs under different lighting (t = -
1.804, df = 22, p = 0.085, ANCOVA with age F(1,24) = 3.128, p = 0.092). There was no
significant difference between the performance of patients with AS and controls on the
matching of face-on and % view photographs (t = -1.495, df = 22, p = 0.149, ANCOVA
with age F (1,24) = 1.915, p=0.181).
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There was a strong hypothesis that individuals with AS would be impaired on this task and
further analyses were therefore carried out on the results. ANCOVA analysis showed that
when differences in freedom from distractibility levels were covaried out, the difference
between the performance of patients with AS and controls reached significance for the total
score (ANCOVA F(1,24) = 5.383, p = 0.030), the matching of face-on with % view
photographs became non-sigﬁiﬁcant (ANCOVA F(1,24) = 2.881, p = 0.104) and the
matching of face-on photographs under different lighting conditions reached weak levels of
significance (ANCOVA F(1,24) = 3.985, p = 0.059). Further ANCOVA analysis showed
that when performance on the Benton test of line judgment was co-varied (in order to
control for differences in basic visual matching), none of the differences were significant
(Benton lines total (F(1,24) = 2.952, p = 0.101), face-on and % view (F(1,24) = 1.388,p =
0.252), different lighting (F(1,24) = 2.324, p = 0.142). This suggests that it was not face
processing in particular that was impaired in individuals with AS, but rather that their
difficulties with this task were due to more general problems with visual matching. The
differences in the way that individuals with AS process visual information compared to

controls are considered in some more detail in the discussion in Section 4.5.2.

4.4.3 Copying and drawing
44.3.1 The test of Visuo-motor integration (VMI)

The VMI is a drawing and copying test produced by Beery (1967) based on Frostig et al.’s
(1966) visual perception test. It requires subjects to copy a set of increasingly complex
gedmetric figures into specified squares of exactly the same dimensions as the original.
Although this test was intended for children up to the age of 14 years 11 months, it has
been argued that it remains valid for older children and adults as well (Beery, 1982) and
was therefore administered to all participants in the current study. The revised version
produced in 1997 which incorporates a new scoring system (Beery, 1989) and new norms,

is the version used here (Beery, 1997).

(@) Patients with PFT: VMI
Table 4.10 and Figure 4.10 show the mean standard scores on the VMI for the patients with
PFT and their controls.
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Table 4.10: Mean standard scores on the Figure 4.10: Mean standard scores on the VMI task for patients
VMI task for patients with PFT and with PFT and controls
controls

140
PFT 95.27 (18.89) e .
® 100
Control 97.50 (14.98) g
Y ] Ly oPFT
sapiad) .§ 80— @ Controls
S
® 40
20
0

VMI

Statistical analysis showed that there was no significant difference between the
performance of patients with PFT and controls on the VMI (Mann-Whitney U-test: z = -
0.534, p = 0.593). Age was not co-varied for the VMI as standardized scores were used in
the analyses for this test. In order to investigate whether there were any differences
between patients with PFT in the motoric aspects of copying, the visual perceptual parts of
the task were partialled out by carrying out an ANCOVA with Benton lines (a purely visual
matching task) as a covariate. The results showed that there were still no significant
differences between the two groups (ANCOVA F(1,25) = 0.095, p = 0.760), indicating that

individuals with PFT are not impaired on copying and drawing skills per se.

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed that there was no

significant interaction between location of tumour and performance on the VMI.

(ii) Patients with AS: VMI
Table 4.11 and Figure 4.11 show the mean standard scores on the VMI for the patients with
AS and their controls.



CHAPTER 4: COGNITIVE FUNCTION

Table 4.11: Mean standard scores on the Figure 4.11: Mean standard scores on the VMI task for
VMI task for patients with AS and controls patients with AS and controls

140
AS 98.71 (17.14) 120 T
Control 109.60 (18.59) g 1001
(%]
Mean (sd) $ % B AS
g 60 |m Controls
©
3 40
20 -
0 4

VMI

Statistical analysis showed that there was no significant difference between the
performance of patients with AS and controls on the VMI (after log transformation, t = -
1.472, df = 22, p = 0.155). Age was not co-varied for the VMI as standardized scores were
used in the analyses for this test. As was the case for the patients with PFT, in order to
investigate whether there were any differences between patients with AS in the motoric
aspects of copying, the visual perceptual parts of the task were partialled out by carrying
out an ANCOVA with Benton lines (a purely visuo-spatial task) as a covariate. The results
showed that there were still no significant differences between the two groups (ANCOVA
F(1,24) = 1.545, p = 0.228), indicating that individuals with AS are not impaired on
copying and drawing skills.

4.4.4 Executive functions

4.44.1 Attention

a) Letter and number cancellation

The letter and number cancellation tasks were designed to assess visual scanning and
tracking aspects of attention as well as motoric speed. For the letter cancellation task,
subjects are presented with a sheet containing 140 three-letter clusters (presented as a 10 by
14 grid). They are instructed to mark off every appearance of a particular letter cluster as
quickly as they can and to inform the examiner when they think they have found them all.
There are two scores for this test: the time taken to complete the task and the number of
target letter clusters correctly identified (out of a total of 14). The number cancellation task
is identical to the letter task except that the sheet contains three-number clusters rather than

letters and the target cluster that they must look for is a cluster of three numbers.
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(i) Patients with PFT: Letter and number cancellation
Table 4.12 and Figures 4.12 and 4.13 show the mean scores on the letter and number

cancellation tests for patients with PFT and their controls.

Table 4.12: Mean scores on the letter and number cancellation tests for patients with PFT and controls

12.60 (1.64) 83.74 (26.46) 12.20 (1.94)

PFT 68.37 (23.28)
Controls 58.56 (25.45) 13.70 (0.48) 75.06 (23.47) 13.00 (1.05)
Mean (sd)
Figure 4.12: Mean time taken on the letter and number  Figure 4.13: Mean number correct on the letter and
cancellation tests for patients with PFT and controls number cancellation tests for patients with PFT and
controls
16
14
g 12 1
- 10 4
4 ] i o PFT
E s g ] @ Controls
£ 61
=3
Z 4
24
Letter Number 0 -
cancellation cancellation Letter cancellation  Number cancellation

Statistical analysis showed that there was no significant difference between patients with
PFT and their controls in the time taken to complete the letter cancellation task (after log
transformation, t = 1.285, df = 23, p = 0.211, ANCOVA with age F(1,25) = 1.229, p =
0.280), nor between the number correct (Mann Whitney U test z = -1.628, p = 0.104,
ANCOVA with age F(1,25) = 3.707, p = 0.067). The same was true for the number
cancellation task. There was no significant difference between patients with PFT and their
controls in the time taken to complete the task (after log transformation, t = 0.917, df = 23,
p = 0.369, ANCOVA with age F(1,25) = 0.442, p = 0.513), nor between the number correct
(Mann Whitney U test z = -0.977, p = 0.328, ANCOVA with age F(1,25) = 1.047, p =
0.317).

Because there were strong predictions that individuals with PFT would be impaired on
these tests of attention, the results were investigated further. In order to determine whether
there were any differences in attention abilities between the groups when freedom from

distractibility levels were partialled out, ANCOVA analyses were carried out. The results
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showed that the only result that changed was for the number correct on letter cancellation
(F(1,25) = 4.215, p = 0.052) for which there was weak evidence that patients with PFT
performed more poorly than controls. When differences in PIQ were co-varied, the results

showed that there were no significant differences between the groups.

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed that there was no
significant interaction between location of tumour and performance on the letter and

number cancellation tests.

(ii) Patients with AS: Letter and number cancellation
Table 4.13 and Figures 4.14 and 4.15 show the mean scores on the letter and number

cancellation tests for patients with AS and their controls.

Table 4.13: Mean scores on the letter and number cancellation tests for patients with AS and controls

AS 69.05 (22.55) 13.29 (0.91) 79.95:(25.79) 13.29 (0.91)

Controls 53.75 (15.76) 13.00 (0.94) 60.97 (9.13) 12.60 (1.58)
Mean (sd)
Figure 4.14: Mean time taken on the letter and number Figure 4.15: Mean number correct on the letter and
cancellation tests for patients with AS and controls number cancellation tests for patients with AS and
controls
120 16
100 14
s * i
) ®AS 1
g 60 o § 8 BAS
F .l il ‘é i m Controls
3
20 = 44
0 21
Letter Number 0
cancellation cancellation Letter cancellation ~ Number cancellation

Statistical analysis showed that there was weak evidence for a significant difference
between patients with AS and their controls in the time taken to complete the letter
cancellation task (after log transformation, t = 2.050, df = 22, p = 0.052, ANCOVA with
age F(1,24) = 3.779, p = 0.065), but no significant difference between the number correct
(Mann Whitney U test z = -0.886, p = 0.376, ANCOVA with age F(1,24) = 0.405, p =

0.531). For the number cancellation task, there was a significant difference between
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patients with AS and their controls in the time taken to complete the task (t =2.217, df = 22,
p = 0.037, ANCOVA with age F(1,24) = 4.892, p = 0.038), but no significant difference
between the number correct (Mann Whitney U test z = -1.158, p = 0.247, ANCOVA with
age F(1,24) = 1.540, p = 0.228).

ANCOVA analyses showed that the results did not change when differences in PIQ were

co-varied, nor when differences in freedom from distractibility levels were co-varied.

4.44.2 Working memory

a) Digit Span

The results from the digit span were reported in Chapter 2 as this is one of the sub-tests of
the WISC and the WAIS assessments that were administered to measure intelligence levels.
The results are investigated in more detail here: the raw scores rather than the standardized
scores are examined, and these scores are looked at separately for the digit span as a whole

as well as for the two sub-parts (forward and backward span).

(i) Patients with PFT: Digit span
Table 4.14 and Figure 4.16 show the mean raw scores on digit span for the patients with
PFT and their controls.

Table 4.14: Mean raw scores on the digit span for patients with PFT and controls

PFT 10.33 (1.80) 6.13 (2.62) 16.47 (4.17)

Controls 9.80 (1.81) 6.20 (2.04) 16.00 (3.46)
Mean (sd)

Figure 4.16: Mean raw scores on the digit span for patients  Statistical analysis showed that there was
with PFT and controls

no significant difference between the
25

performance of patients with PFT and

controls on any of the measures of digit

" oPFT span: digit span forward (Mann Whitney

@ Controls

U-test z = -0.654, p = 0.513, ANCOVA
with age F(1,25) = 0.813, p = 0.377),
Forward  Backward Total backward (Mann Whitney U-test z = -

Score

10
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0.395, p = 0.693, ANCOVA with age F(1,25) = 0.002, p = 0.961), total (t = 0.292, df = 23,
p =0.773, ANCOVA with age F(1,25) = 0.197, p = 0.662).

Because there was a strong hypothesis that patients with PFT would be impaired on digit
span, the results from this test were further investigated. There were no effects on the
results when VIQ, PIQ or freedom from distractibility levels were excluded from the
analyses using ANCOVAs. Furthermore, plots of the data showed that the distribution of
the scores for each of the two groups was very similar, indicating that contrary to
predictions, individuals with PFT were not impaired on this measure of verbal working

memory.

Further analysis within the patient group with PFT (one-way ANOVA between patients
with left hemisphere, right hemisphere and midline pathology) showed that there was no

significant interaction between location of tumour and performance on the Digit span test.

(ii) Patients with AS: Digit span
Table 4.15 and Figure 4.17 show the mean raw scores on digit span for the patients with AS

and their controls.

Table 4.15: Mean raw scores on the digit span for patients with AS and controls

AS 9.79 (2.75) 6.64 (2.21) 16.43 (4.65)

Controls 11.10 (2.47) 7.20 (1.81) 18.30 (3.68)
Mean (sd)
Figure 4.17: Mean raw scores on the digit span for Statistical analysis showed that there was

patients with AS and controls
no significant difference between the

25

performance of patients with AS and their

controls on any of the measures of digit

BAS span: digit span forward (t = -1.203, df =
RCMoRl 22, p = 0.242, ANCOVA with age F(1,24)
= 1.469, p = 0.239), backward (t = -0.655,
df = 22, p = 0.519, ANCOVA with age

Score

Forw ard Backw ard Total
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F(1,24) = 0.545, p = 0.469), total (t = -1.055, df = 22, p = 0.303, ANCOVA with age F(1,24)
=1.217,p = 0.282).

Because individuals with autism have been shown to have difficulties with working
memory, the results from this test were further investigated. As was the case for the
patients with PFT, there were no effects on the results when VIQ, PIQ or freedom from
distractibility levels were excluded from the analyses using ANCOVAs. Furthermore, plots
of the data showed that the distribution of the scores for each of the two groups was very
similar, indicating that individuals with AS do not appear to have problems with this

measure of verbal working memory.

b) Corsi block span
The Corsi Block Span is a test of visuo-spatial working memory (Corsi, 1972, reported in
Isaacs & Vargha-Khadem, 1989). This test features a board onto which nine cubes are

affixed in random positions (see Figure 4.18). The experimenter uses a pointer to tap a

sequence of blocks that must then be
Figure 4.18: Top-down view of the Corsi block span test copied by the subject. The sequences
start at just two blocks in length and
. - increase by one block each time two

. . consecutive ftrials at one sequence
. length are achieved. @ The maximum

. . sequence length is nine blocks and the
- . test is discontinued after failure of both

trials on any sequence length. Once this

part of the test has been completed
(block span forward), the second half (block span backward) is administered. This involves
the experimenter tapping out a sequence of blocks again; however this time the subject is
asked to tap the blocks back in the reverse order (i.e. backwards). Again the first sequence

is just two blocks but the maximum sequence length in this part is eight blocks.
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®

Patients with PFT: Corsi block span

Table 4.16 and Figure 4.19 show the mean raw scores on the Corsi block span for the

patients with PFT and their controls.

Table 4.16: Mean raw scores on the Corsi block span for patients with PFT and controls

8.40 (1.77)

7.33 (2.09) 15.73 (3.39)

Controls 8.70 (1.16) 7.70 (1.06) 16.40 (1.84)
Mean (sd)

Figure 4.19: Mean raw scores on the Corsi block span for

patients with PFT and controls
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Statistical analysis showed that there was
no significant difference between the
performance of patients with PFT and
controls on any of the measures of block
span: block span forward (t = -0.472, df =
23, p = 0.641, ANCOVA with age F(1,25)
= 0.160, p = 0.693), backward (t = -0.510,
df = 23, p = 0.721, ANCOVA with age
F(1,25) = 0.131, p = 0.721) and block span
total (t = -0.566, df = 23, p = 0.577,

ANCOVA with age F (1,25) = 0.192, p = 0.666).

As was the case for digit span, because there was a strong hypothesis that patients with PFT

would be impaired on this test of working memory, the results from the block span test

were further investigated. ANCOVA analyses showed that there were no effects on the

results when VIQ, PIQ or freedom from distractibility levels were excluded from the

analyses. Contrary to predictions, therefore, individuals with PFT were not impaired on

this measure of spatial working memory.

Further analysis within the patient group with PFT (one-way ANOVA between patients

with left hemisphere, right hemisphere and midline pathology) showed that there was no

significant interaction between location of tumour and performance on the Corsi block-span

test.
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(ii) Patients with AS: Corsi block span
Table 4.17 and Figure 4.20 show the mean raw scores on the Corsi block span for the

patients with AS and their controls.

Table 4.17: Mean raw scores on the Corsi block span for patients with AS and controls

AS 836 (1.39) 7.21 (1.85) 15.57 (2.71)

Controls 9.50 (1.78) 8.60 (2.07) 18.10 (3.60)
Mean (sd)

. . Statistical analysis showed that there was
Figure 4.20: Mean raw scores on the Corsi block span

fur patiests Wi AS &ud conirals weak evidence for a significant difference

- between the performance of patients with AS
and controls on all of the measures of block
ray span: block span forward (t =-1.767, df = 22,
scowos)  p = 0.091, ANCOVA with age F(1,24) =
3.142, p = 0.091), backward (t = -1.726, df =
22, p = 0.098, although this was not

Score
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significant when age was covaried,
ANCOVA with age F(1,24) = 2.850, p = 0.106) and block span total (t = -1.966, df = 22, p
=0.062, ANCOVA with age F(1,24) =3.782, p = 0.065).

Given that working memory function in individuals with AS was of particular interest, this
finding was investigated further. Two measures involving spatial perception (block design
and object assembly from the WISC/WAIS) and a measure of verbal working memory
(digit span) were partialled out in order to investigate whether the difference was associated
with spatial problems or with working memory problems. The results showed that the
problem appeared to be with working memory in particular because when tasks involving
spatial ability were co-varied, the p-values decreased (ANCOVA with block design: block
span forwards F(1,24) = 4.819, p = 0.040; backwards F(1,24) = 3.155, p = 0.090; total
F(1,24) =4.958, p = 0.037; ANCOVA with object assembly: block span forwards F(1,24) =
3.759, p = 0.066; backwards F(1,24) = 3.256, p = 0.086; total F(1,24) = 4.944, p = 0.037),

whereas when a measure of working memory (digit span) was co-varied, the p-values
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increased (ANCOVA with digit span: block span forwards F(1,24) = 2.523, p = 0.127;
backwards F(1,24) = 2.727, p = 0.114; total F(1,24) = 3.337, p = 0.082).

It is important to note, however, that the differences between patients with AS and controls
on the block span could be accounted for by differences in levels of freedom from
distractability (ANCOVA with Freedom from distractibility: block span forwards F(1,24) =
0.901, p = 0.353; backwards F(1,24) = 1.353, p = 0.258; span total F(1,24) = 1.504, p =
0.234).

c) Word and non-word repetition

This is a test of phonological short-term memory where a list of 40 non-words is read out
loud and subjects are asked to repeat each word as it is said (Gathercole and Baddeley,
1989). The control measure is for subjects to repeat a list of 40 words. The words range in
length from two to five syllables and the non-words range from one to four syllables.
There are ten words and nonwords at each syllable length. Both word lists are marked out

of a total of 40 points.

(i) Patients with PFT: Word and non-word repetition
Table 4.18 and Figure 4.21 show the mean scores on the word and non-word repetition tests

for the patients with PFT and their controls.

Table 4.18: Mean raw scores on the word and non- Figure 4.21: Mean raw scores on the word and non-
word repetition test for patients with PFT and word repetition test for patients with PFT and controls
controls

PFT 38.13 (1.51) 37.13 (2.80) gg 1
Controls 39.40 (0.70) 38.30 (1.42) g zgl ”:
1 @ Controls
Mean (sd) 15 4
10
5 4
0

Word repetition Non-w ord
repetition

Statistical analysis showed that patients with PFT performed significantly more poorly than
controls on the word repetition test (Mann-Whitney U-test, z = -2.142, p = 0.032,
ANCOVA with age F(1,25) = 5.547, p = 0.028). However, although statistically
significantly lower than the controls, the mean score for the patients with PFT (38.13) was
still a high score for this test, and this implies that the patients with PFT do not have
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impaired phonological working memory. There was no significant difference on the non-
word repetition test (Mann-Whitney U-test, z = -0.847, p = 0.397, ANCOVA with age
F(1,25) = 1.251, p = 0.275).

ANCOVA analyses revealed that the difference on word repetition could not be accounted
for by differences in freedom from distractibility levels (ANCOVA F(1,25) = 6.009, p =
0.023), nor by differences in VIQ (ANCOVA F(1,25) =6.353, p=0.019).

Further analysis within the patient group with PFT (one-way ANOVA) showed that there
was no significant interaction between location of tumour and performance on the word and

non-word repetition test.

(ii) Patients with AS: Word and non-word repetition
Table 4.19 and Figure 4.22 show the mean scores on the word and non-word repetition tests

for the patients with AS and their controls.

Table 4.19: Mean scores on the word and non-word Figure 4.22: Mean scores on the word and non-word
repetition test for patients with AS and controls repetition test for patients with AS and controls

AS 38.00 (1.30)

36.79 (2.75)

Controls 39.70 (0.48) 38.80 (1.40) g BAS
Mean (:J) b m Controls

Word repetition Non-w ord
repetition

Statistical analysis showed that patients with AS performed significantly more poorly than
controls on both the word and non-word repetition: word repetition (Mann-Whitney U-test,
z = 3417, p = 0.001, ANCOVA with age F(1,24) = 14.646, p = 0.001); non-word
repetition (Mann-Whitney U-test, z = -2.158, p = 0.031, although there was only weak
evidence for a difference when age was co-varied: ANCOVA with age F(1,24) =4.139,p =
0.055). Although the patients with AS performed significantly more poorly than controls
on the word and non-word repetition tests, the mean scores for the patients with AS on
these tests were still high scores for this test, and this implies that the patients with AS do

not have impaired phonological working memory.
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ANCOVA analyses revealed that the difference on word repetition could not be accounted
for by differences in freedom from distractibility levels (ANCOVA F(1,24) = 13.809, p =
0.001), nor by differences in VIQ levels (ANCOVA F(1,24) = 14.689, p = 0.001) and the
difference on non-word repetition could not be accounted for by differences in VIQ
(ANCOVA F(1,24) = 5.421, p = 0.030) but could be accounted for by differences in
freedom from distractibility levels (ANCOVA F(1,24) =2.439, p = 0.133).

4443 Face-sorting

This is an adapted version of the Wisconsin Card Sorting Task designed by Vargha-
Khadem and Isaacs (unpublished). The WCST evaluates problem solving and set-shifting
abilities. It has typically been used with patients who have undergone frontal lobectomy or
have suffered selective frontal lobe damage (Milner, 1963). Results of these studies
typically reveal that patients with dorsolateral prefrontal lesions are impaired on certain
aspects of the tests (e.g. number of categories achieved or number of perseverative errors —
Stuss et al. 2000), whereas those with orbitofrontal damage are impaired on set
maintenance of categories (Milner, 1963). In the face sorting task, subjects are required to
sort up to 128 cards against four “cue” cards (shown in Figure 4.23 below) according to an
unknown rule, being required to match on one of three categories: emotion, race or age.
For each card placed by the subject, the examiner tells them if the card is correct or not, i.e.
feedback is provided at every step. Once subjects complete one correct series of matches
(10 matches of the specific category in a row), unknown to the subject, the examiner
changes the “rule” so that subjects are required to match on the next category. Then once
they have realized the change and matched 10 of the next category in a row, the examiner
changes the rule again so that they have to match on the third category. This continues

until subjects have completed six correct series or until all the cards (128) have been used

up.
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Figure 4.23: The four Cue cards from the Face Sorting task

( ;

Altogether five total scores are obtained for this test: the total number of categories
completed, the level of failure to maintain set (the total number of cards correctly matched
within a category but which are not part of a string of 10 correct matches in a row), the
number of perseverative errors (where cards are matched according to the previously
correct category), the number of non-perseverative errors (where cards are incorrectly
matched, but not to the previous category) and the number of unique errors (where cards

are not matched on either emotion, race or age).

In addition to these scores, it is possible to calculate scores for failure to maintain set,
number of perseverative errors and number of non-perseverative errors relating to each of
the three variables (emotion, race and age) individually in order to identify exactly where

any difficulties lie.

This test of executive function draws on a number of cognitive skills that are thought to be

subserved by the prefrontal cortex.

(i) Patients with PFT: Face sorting
Table 4.20 and Figures 4.24 and 4.25 show the mean total scores on the face-sorting task

for the patients with PFT and their controls.

Table 4.20: Mean total raw scores on the face-sorting task for patients with PFT and controls

PFT 2.36 (1.50) 34.21(10.30)

41.07 (18.51) 16.50 (11.85) 9.00 (10.14)
Controls 4.10 (2.08) 25.10 (13.15) 26.60 (22.37) 9.80 (8.57) 9.10 (8.67)
Mean (sd)
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Figure 4.24: Face sorting: Number of Figure 4.25: Face sorting: Total correct, total errors,
categories completed by PFT and controls perseverative errors, non-perseverative errors and unique errors
for PFT and controls
55
! 50
gl = — LN TR O 45
[ : -
5 35 T J
30 +— OPFT
) i 25 1 — —T m Conirols
3 ® Controls 20 4 -
) 15 4—| — T A ¢
10 4—
H! | i B
. 0
Number of categories Failure to Pers. errors Non-pers.  Unique errors
maintain set errors

Patients with PFT had some difficulty with the face-sorting task, as they succeeded in
completing significantly fewer categories than controls (t = -2.392, df = 22, p = 0.026,
ANCOVA with age F(1,24) = 5.127, p = 0.034). ANCOVA analyses showed that this
difference could not be accounted for by differences in performance IQ (ANCOVA F(1,24)
= 4.480, p = 0.046) nor by differences in freedom from distractibility levels (ANCOVA
F(1,24) = 6.029, p = 0.023).

There was weak evidence for a difference in failure to maintain set (t = 1.905, df =22, p =
0.070, which became significant when age was co-varied: ANCOVA with age F(1,24) =
4.590, p = 0.044). ANCOVA analyses revealed that the difference in failure to maintain set
could be accounted for by differences in levels of performance IQ (ANCOVA F(1,24) =
2.873, p = 0.105) but not by differences in freedom from distractibility levels (ANCOVA
F(1,24) =3.616, p = 0.071).

There was weak evidence for a difference in the number of perseverative errors (Mann-
Whitney U-test: z = -1.905, p = 0.057, but this was not significant when age was co-varied:
ANCOVA with age F(1,24) = 2.440, p = 0.133). Furthermore, ANCOVA analyses showed
that this difference in the number of perseverative errors could be accounted for by
differences in freedom from distractibility levels (ANCOVA F(1,24) = 2.862, p = 0.105)
but not by differences in levels of performance IQ (ANCOVA F(1,24) =3.512, p = 0.075).
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There was no evidence for a significant difference in the number of non-perseverative
errors (after log transformation, t = 1.283, df =22, p = 0.213, ANCOVA with age F(1,24) =
1.483, p = 0.206) or in the number of unique errors (after log transformation, t = -0.546, df
=22,p=0.591, ANCOVA with age F(1,24) =0.116, p = 0.737).

Each of the three sub-categories of the face-sorting task (emotion, race and age) were

analysed separately. The results for the emotion category are shown in Table 4.21 below.

Table 4.21: Mean scores for the emotion category of the face-sorting task for patients with PFT and controls

PFT 6.07 (7.71) 27.57 (20.59) 7.14 (10.05)

Controls 1.50 (1.65) 15.20 (23.88) 6.60 (6.75)
Mean (sd)

Statistical analysis for the emotion category showed that there was weak evidence for a
significant difference between patients with PFT and their controls for failure to maintain
set (Mann-Whitney U-test: z = -1.679, p = 0.093, ANCOVA with age F(1,24) =3.074,p =
0.094), but this could be explained by differences in PIQ (ANCOVA F(1,24) = 0.130, p =
0.722) or by differences in freedom from distractibility levels (ANCOVA F(1,24) = 0.193,
p = 0.665). There was no significant difference between patients with PFT and their
controls in the number of perseverative errors for emotion (t = 1.358, df = 22, p = 0.188,
ANCOVA with age F(1,24) = 1.435, p = 0.244), nor on the number of non-perseverative
errors for emotion (t = 0.148, df = 22, p = 0.884, ANCOVA with age F(1,24) = 0.021, p =
0.887). The results for the race category are shown in Table 4.22 below.

Table 4.22: Mean scores for the race category of the face-sorting task for patients with PFT and controls

PFT 17.71 (15.84) 12.07 (13.69) 7.07 (12.30)

Controls 8.70 (10.57) 10.40 (8.91) 2.30 (2.98)
Mean (sd)

Statistical analysis for the race category showed that there was no significant difference
between the performance of patients with PFT and controls on any of the measures: failure
to maintain set (t = 1.563, df = 22, p = 0.132, ANCOVA with age F(1,24) = 2.597, p =
0.122); number of perseverative errors for race (t = 0.337, df = 22, p = 0.739, ANCOVA
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with age F(1,24) = 0.078, p = 0.783); number of non-perseverative errors for race (Mann-
Whitney U-test: z = -0.271, p = 0.796, ANCOVA with age F(1,24) = 1.255, p = 0.275).

The results for the age category are shown in Table 4.23 below.

Table 4.23: Mean scores for the age category of the face-sorting task for patients with PFT and controls

PFT 10.43 (10.44) 1.43 (3.20)

2.29 (2.89)

Controls 14.90 (14.84) 1.00 (2.00) 0.90 (0.88)
Mean (sd)

Statistical analysis for the age category showed that there was no significant difference
between the performance of patients with PFT and controls on any of the measures: failure
to maintain set (t = -0.869, df = 22, p = 0.394, ANCOVA with age F(1,24) = 0.570, p =
0.459); number of perseverative errors for race (t = 0.373, df = 22, p = 0.713, ANCOVA
with age F(1,24) = 0.086, p = 0.772); number of non-perseverative errors for race (Mann-
Whitney U-test: z=-0.521, p = 0.625, ANCOVA with age F(1,24) =2.171, p = 0.155).

Further analyses within the patient group with PFT (one-way ANOVAs between patients
with left hemisphere, right hemisphere and midline pathology) showed that there was no
significant interaction between location of tumour and performance on the face-sorting test

as a whole or for any of the sub-categories (emotion, race and age).

(i) Patients with AS: Face sorting
Table 4.24 and Figures 4.26 and 4.27 show the mean scores on the face-sorting task for the

patients with AS and their controls.

Table 4.24: Mean scores on the face-sorting task for patients with AS and controls

AS 4.43 (1.95) 26.50 (21.08) 19.21 (18.31) 8.93 (7.69) 5.21 (6.46)
Controls 4.20 (1.75) 25.80 (16.80) 21.90 (12.56) 11.20 (7.76) 6.00 (6.90)
Mean (sd)
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Figure 4.26: Face sorting: Number of Figure 4.27: Face sorting: Total correct, total errors, perseverative
categories completed by AS and controls errors, non-perseverative errors and unique errors for AS and controls
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Statistical analysis showed that there was no significant difference between patients with
AS and controls on any of the measures of the face sorting task, even after age was co-
varied: number of categories (Mann Whitney U-test: z = -0.378, p = 0.705, ANCOVA with
age F(1,24) = 0.232, p = 0.635), failure to maintain set (Mann Whitney U-test: z = -0.088, p
= 0.930, ANCOVA with age F(1,24) = 0.004, p = 0.952), perseverative errors (Mann
Whitney U-test: z = -0.851, p = 0.395, ANCOVA with age F(1,24) = 0.435, p = 0.516),
non-perseverative errors (Mann Whitney U-test: z = -0.881, p = 0.378, ANCOVA with age
F(1,24) = 0.7, p = 0.412), unique errors (Mann Whitney U-test: z = -0.297, p = 0.767,
ANCOVA with age F(1,24) = 0.226, p = 0.639).

There were strong predictions that individuals with AS would be impaired on the face-
sorting test and the results were therefore analysed in more detail. ANCOVA analyses
showed that there were no effects on the results when either PIQ, freedom from
distractibility, block span or digit span were excluded from the analyses. Furthermore,
when performance on the Benton test of facial recognition was excluded from the analyses,
there were no effects on the results, they remained non-significant, indicating that there
were no significant differences in performance even when any difficulties with face

recognition were removed from the analyses.

Each of the three sub-categories of the face-sorting task (emotion, race and age) were

analysed separately. The results for the emotion category are shown in Table 4.25 below.
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Table 4.25: Mean scores for the emotion category of the face-sorting task for patients with AS and controls

AS 7.00 (9.87) 8.71 (13.67) 5.86 (6.60)

Controls 4.60 (5.60) 12.00 (10.91) 7.40 (6.13)
Mean {sd)

Statistical analysis for the emotion category showed that there was no significant difference
between the performance of patients with AS and controls on any of the measures: failure
to maintain set (t = 0.691, df = 22, p = 0.497, ANCOVA with age F(1,24) = 0.439, p =
0.515); number of perseverative errors for emotion (t = -0.629, df = 22, p = 0.536,
ANCOVA with age F(1,24) = 0.878, p = 0.359); number of non-perseverative errors for
race (t=-0.581, df = 22, p = 0.567, ANCOVA with age F(1,24) = 0.403, p = 0.532).

Because emotion recognition was of particular interest in patients with AS, these results
were investigated in more detail. In order to investigate whether there were any differences
in performance when differences in face recognition abilities were removed from the
analysis, ANCOVA analyses with Benton faces were carried out. The results showed that
there was no change in the significance levels of the results: failure to maintain set
(ANCOVA F(1, 24) = 0.191, p = 0.667), number of perseverative errors (ANCOVA F(1,24)
= 1.752, p = 0.200), number of non-perseverative errors (ANCOVA F(1,24) = 0.897, p =
0.354). The results for the race category are shown in Table 4.26 below.

Table 4.26: Mean scores for the race category of the face-sorting task for patients with AS and controls

AS 6.64 (7.91) 8.50 (11.46) 2.29 (3.36)

Controls 9.30 (9.73) 7.30 (5.81) 1.40 (2.41)
Mean (sd)

Statistical analysis for the race category showed that there was no significant difference
between the performance of patients with AS and controls on any of the measures: failure
to maintain set (Mann-Whitney U-test: z = -0.149, p = 0.886, ANCOVA with age F(1,24) =
0.652, p = 0.428); number of perseverative errors for race (t = 0.303, df = 22, p = 0.765,
ANCOVA with age F(1,24) = 0.046, p = 0.833); number of non-perseverative errors for
race (t = 0.711, df = 22, p = 0.485, ANCOVA with age F(1,24) = 0.321, p = 0.577). The

results for the age category are shown in Table 4.27 below.
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Table 4.27: Mean scores for the age category of the face-sorting task for patients with AS and controls

AS 12.79 (11.79) 2.29 (3.87) 0.86 (1.17)

Controls 11.90 (11.62) 2.60 (3.69) 2.40 (2.91)
Mean {sd)

Statistical analysis for the age category showed that there was no significant difference for
failure to maintain set or for the number of perseverative errors, but there was weak
evidence for a significant difference for the number of non-perseverative errors: failure to
maintain set (t = 0.183, df = 22, p = 0.857, ANCOVA with age F(1,24) = 0.041, p = 0.841);
number of perseverative errors for age (t = -0.200, df = 22, p = 0.843, ANCOVA with age
F(1,24) = 0.015, p = 0.905); number of non-perseverative errors for age (Mann-Whitney U-
test: z=-1.057, p = 0.341, ANCOVA with age F(1,24) = 3.093, p = 0.093).

Effects of age at surgery for patients with PFT

Correlation analyses were performed between age in months at surgery and the results of
each of the cognitive tests described above for the patients with PFT. The results showed
that the only significant result was a positive correlation between age at surgery and
performance on the Benton test of facial recognition (Pearson correlation coefficient =

0.523, p = 0.045).

There was a specific hypothesis that patients who had early pathology of the cerebellum
(age five and younger) would perform better than patients who had later pathology (age six
and above) on measures of basic cognitive abilities (including the WORD, the WOND, the
letter and number cancellation task, the word and non-word repetition, digit span and Corsi
block span tests) due to the compensatory mechanisms which ensure that such functions are
rescued. In order to investigate this possibility, independent sample t-tests were carried out
between the performance of patients with PFT who had pathology at age five and younger
and patients with PFT who had pathology at age six and older on each of the cognitive tests
considered above. The results showed that the only test on which the two groups differed
was the WOND. The mean scores of the two groups on the subtests from the WOND are
shown in table 4.28 below.
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Table 4.28: Mean scores for patients with early and late pathology on the WOND

Bl B aimon ) YWONT

Early 108.00 (17.09) 110.00 (16.53) 104.71 (12.93)

Late 91.63 (13.93) 93.00 (13.12) 90.25 (14.51)
Mean (sd)

Statistical analysis showed that the late group was significantly impaired on mathematical
reasoning (t = 2.221, df = 13, p = 0.045). Furthermore, there was weak evidence that the
late group were significantly impaired on numerical operations (t = 2.025, df = 13, p =
0.064) and on the composite score (t = 2.046, df = 13, p = 0.062) from the WOND.
However, it should be emphasized that these results should be treated with caution because
the large number of statistical tests carried out here means that there is a high probability of

achieving false positive results.

Effects of time since surgery for patients with PFT
Correlation analyses were also performed between time in months since surgery and the
results of each of the cognitive tests described above. The results showed that there were

no significant correlations.

4.5 Discussion

As stated in the methods section, adjustment for multiple comparisons was not performed
in this thesis. Instead, a cut-off was chosen in order to flag problematic cognitive functions
in each of the two patient groups that will require further investigation in future studies.
Therefore, as was the case for the results from the motor tests, it is important to re-iterate

that the results from the cognitive tests should also be interpreted with some caution.

4.5.1 Patients with PFT
The performance of patients with PFT on each of the cognitive tests is summarized in table
4.29 below.
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Table 4.29: Summary of the performance of patients with PFT on each of the cognitive tests

WORD Not impaired

2. Visual matching : — B
Benton test of facial recognition Not impaired

72}
z
2 E 1. Academic attainmant WOND Patients with late pathology impaired
p g compared to patients with early pathology
=@
- E Benton test of line judgment Not impaired
=3
Z)
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o

3. Copying and drawing  Test of visuo-motor integration Not impaired
4. Attention Letter cancellation Not impaired
g Number cancellation Not impaired
E Digit span Not impaired
é 5. Working memory Corsi block span Not impaired
g Word and non-word repetition Not impaired
:5) Significantly impaired on task as a whole
S 6. Face matching Face sorting task gz‘};pe::ltse:/iiv;: :ﬁ:ﬁ?;:i)cznaizl::t}-lad

shifting

1. Academic attainment

Results from the baseline tests of literacy (WORD) and numeracy (WOND) showed that
patients with PFT performed significantly more poorly than controls on the reading
comprehension subtest of the WORD. However, they still achieved high scores on this test
indicating that, although they did not score quite as highly as controls, reading
comprehension is not particularly impaired in patients with PFT. There were no significant
differences between the two groups on any of the other measures of literacy or numeracy.
This indicates that academic function is relatively intact in patients with PFT and that
pathology of the cerebellum does not necessarily affect these basic functions. It is
interesting to note that the mean scores for patients with PFT on the WOND were actually
up to nine points higher than those for controls, which suggests that mathematical ability

may not be affected by damage to the cerebellum.

2. Visual matching

Patients with PFT were not predicted to be impaired on tests of visual matching because
there is little evidence to indicate that cerebellar pathology is associated with problems with
visual matching. The results were consistent with this. There were no significant group

differences between patients with PFT and their controls on either the Benton test of line
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judgment or the Benton test of facial recognition. These results indicate that an intact

cerebellum may not be essential for visual matching abilities.

3. Copying and drawing

Patients with PFT were not predicted to be impaired on the test of visuo-motor integration
(VMI), which is used to assess copying and drawing abilities. This task dépendé on similar
visuo-perceptual abilities to those required in the Benton test of line judgment considered
above, but it also requires subjects to carry out motor functions in that they have to draw
copies of visually presented shapes. The results showed that there were no significant
group differences between patients with PFT and their controls on the VMI. This is
consistent with the finding that these patients were not impaired on the simple visual
matching skills required in the Benton test of line judgment. In addition, these results show
that patients with PFT do not have difficulty executing the motor functions necessary to be

able to satisfactorily copy visually presented shapes.

4. Attention

It was predicted that patients with PFT would be impaired on the tests of attention, but this
prediction was not supported. There was no significant difference between the
performance of patients with PFT and controls on either the time to complete the letter and
number cancellation tasks, or the number correct, even after differences in freedom from
distractibility levels or performance IQ levels were partialled out. This indicates that
patients with PFT are not impaired on the particular aspect of attention (which is only one
aspect of executive functioning) tested by these tasks. Given that there is evidence to
suggest that the cerebellum is involved in attention, it is important to consider why the
current results are not in line with this possibility. One possible explanation is that the
patients with PFT may have difﬁculties with different aspects of attention to those tested by
the letter and number cancellation tasks. Many of the functional imaging studies of
attention have used shifting attention paradigms (e.g. Allen et al. 1997; Le et al., 1998) and
it is possible that the cerebellum may be particularly involved in attention shifting rather
than in simply attending to stimuli. It would be interesting to investigate this possibility in

future studies by administering both simple attention tasks and tasks testing attention
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shifting abilities in patients with PFT. If patients with PFT do not have problems with tests
of shifting attention either, then the possibility must be considered that the cerebellum may
not in fact subserve attention abilities. It is possible that the activity in the cerebellum
reported in functional imaging studies of attention may be related to the fact that the
cerebellum has strong connections with areas of the brain that are known to subserve

attention, such as the prefrontal cortex, rather than to activity in the cerebellum itself.

S. Working memory

Contrary to predictions, patients with PFT were not found to be impaired on tests of
working memory (one aspect of executive functioning). Given that previous studies have
found that cerebellar damage is associated with working memory deficits (Silveri et al.
1998), it is important to determine why the current results were not in line with these

findings.

One possibility is that there were differences in the particular aspects of working memory
being tested. For example, in a functional imaging study of working memory carried out
by Desmond et al. (1997) where they found activation in the right cerebellum, participants
were required to remember visually presented letters over a short delay. This differed from
the tests of verbal working memory used in the current study where the stimuli were

presented audiologically.

Another way in which previous studies have differed is in the level of complexity of the
working memory task. A study by Castro-Sierra et al. (2003) used the Boucher and Lewis
Test where participants are given visual or auditory instructions that relate to the positions
in which they must place a variety of small toys. They found that patients with lesions of
the lateral regions of the cerebellum were significantly impaired on this test. However, the
Boucher and Lewis Test is much more complicated than the simple recall of numbers or of
spatial sequences used in this study. It is therefore possible that an intact cerebellum is

important for more complex tasks, but not for simple tests of working memory.

One final possibility is that an intact cerebellum may not in fact be essential for working

memory. It is possible that, as was suggested for attention above, the activity in the



CHAPTER 4: COGNITIVE FUNCTION 206

cerebellum reported' in functional imaging studies of working memory may be due to the
strong connections between the cerebellum and regions of the brain (such as the prefrontal
cortex) known to subserve working memory, rather than due to an active role of the

cerebellum itself,

6. Face matching

In line with the predictions, patients with PFT were found to be impaired on the face-
sorting task (a modified version of the WCST), which is a test of executive function that is
believed to be subserved by the frontal lobes. On this task, patients with PFT succeeded in
completing significantly fewer categories than controls, indicating that these patients had
difficulties that prevented them from successfully completing the task. Furthermore, when
differences in age were partialled out, there was evidence that patients with PFT failed to
maintain set more frequently than controls. In addition, there was weak evidence that they
produced more perseverative errors than controls. Both the ability to maintain set and the
ability to avoid perseverance are executive functions that are subserved by the orbitofrontal
cortex (Milner, 1963). Set maintenance in the face sorting tasks depends on the ability to
keep information in mind while simultaneously selecting on what basis to match a
particular card. The ability to avoid perseverance, on the other hand, is essentially the
ability to set-shift, to alter behaviour when external rules change. The finding that
individuals with PFT had problems with these executive functions suggests that their
cerebellar pathology may have had a knock-on effect on areas of the frontal lobes including

the orbitofrontal cortex, compromising normal function.

These results are in line with Schmahmann and Sherman’s cerebellar cognitive affective
syndrome detailed in Section 1.4.3.1.4. Schmahmann and Sherman (1998) highlighted
executive function as one of four areas in which patients with cerebellar damage have

particular difficulties.

In the current investigations, patients with PFT did not perform significantly more poorly
than controls on either the number of non-perseverative or the number of unique errors.

This indicates that the patients were following internal rules and not simply matching
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haphazardly. That is to say that they did not simply fail to perform the task due to a limited
understanding or a limited ability to match information; instead it seems that the patients
approached the task in a similar way to normal controls, but they had difficulties with the
intricacies of the task. |

7. Associations between tumour location and functional impairment:

Comparisons between the performance of patients with PFT on the basis of the location of
their tumour (left hemisphere, right hemisphere or midline) showed that the only test on
which the groups differed significantly was the Benton test of Facial Recognition on which
individuals with right hemisphere damage performed particularly poorly. A previous
functional imaging study found that the cerebellum was activated during face recognition
(Paller et al., 2003) and the present results suggest that it may be the right cerebellar

hemisphere in particular that is involved in normal face recognition abilities.

It had been predicted that individuals with pathology of the right cerebellum would have
difficulties with tasks involving language, and individuals with pathology of the left
cerebellum would be impaired on tasks involving spatial abilities (in line with Riva and
Giorgi, 2000). This prediction was not supported by the results. Individuals with right
cerebellar pathology actually performed better than individuals with midline or left
cerebellar pathology on all measures of the WORD (which assesses language and literacy
abilities), and patients with pathology of the left cerebellum performed at very similar
levels to patients with pathology in other cerebellar regidns on the Corsi block span (which
depends on spatial perceptual abilities as well as working memory). It is possible that this
lack of support for the predictions is associated with the fact that there is much variation
between the particular lobules that are damaged in each of the individual patients with PFT.
It is therefore possible that particular regions or lobules within the right cerebellum are
involved in language and particular regions or lobules within the left cerebellum are
involved in spatial abilities. However, these may not have shown up in the current
investigations if the patients with PFT did not have pathology in those particular regions.
The particular cerebellar lobules damaged in each of the patients with PFT are detailed in
Chapter 5.
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8. Effects of age at pathology

The possible effects of age at pathology on cognitive outcome were investigated with
correlation analyses between the age at surgery and the results of each of the
neuropsychological tests reported above. The only significant finding was that surgery
carried out at a younger age has negative effects on the ability to carry out the Benton Test
of Facial Recbghitioﬁ (a test of visual pérceptual abilities). This is in line with the
prediction that patients with early pathology would perform more poorly on tests of high-
level functions due to the effects of compensatory factors which ensure that basic functions
are intact, often at the expense of the normal development of high-level cognitive functions.
However, given the large number of statistical tests carried out, it is possible that this is a
false positive result and should therefore be interpreted with caution until further

investigations have been carried out to substantiate the finding.

Direct comparisons were also carried out between the performance of patients with early
(age five and younger) and late (age six and older) pathology using independent sample t-
tests. The results showed that individuals with late pathology performed poorly on the
WOND (particularly on the mathematical reasoning subtest), which provides a measure of
numeracy skills. This finding provides preliminary support for the idea that individuals
who have pathology at an early age may have relatively intact numeracy skills, whereas
patients who have pathology at a later age tend to have selective deficits on functions
subserved by the region of the brain that is damaged. That is to say that after functions
have developed through modularization, they are no longer dependent on the brain areas
subserving the basic functions on which they are built, but instead rely on the brain
structure which has come to subserve that function. In this case, the results suggest that the
cerebellum (or areas with which the cerebellum has strong connections and which would be
affected by cerebellar damage) may subserve aspects of numeracy abilities and that the
damage to the cerebellum in the patients with late pathology has resulted in selective
difficulties in the ability to carry out these abilities. Furthermore, these differences in
numeracy ability are likely to be associated with compensatory mechanisms being less
effective at a later age (see Section 1.1). Again, it is important to emphasize that due to the

large number of statistical tests carried out, the probability of obtaining false positive
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results is high and these findings should therefore be interpreted cautiously. Nevertheless,
it is possible that differences do exist between patients with pathology at different ages, and
this study has started to identify the cognitive domains that may be of particular interest for

future investigations.

9. Effects of time since surgery

The possible effects of time elapsed since surgery on cognitive outcome were investigated
with correlation analyses between the time since surgery and the results of each of the
neuropsychological tests reported above. As predicted, there were no significant
correlations between time since surgery and performance on any of the cognitive tests.
This is most likely to be because all of the patients with PFT who participated in the study
were seen at least two years post-surgery, by which time most of the major changes in the

brain would have been completed.

4.5.2 Patients with AS
The performance of patients with AS on the cognitive tests is summarized in table 4.30

below.

Table 4.30: Summary of the performance of patients with AS on each of the cognitive tests

z WORD Not impaired

§ 1. Academic attainment

g WOND Not impaired

=

>

% Benton test of line judgment Not impaired

<]

: 2. Visual matching Some difficulties matching face-on
3 Benton test of facial recognition ~ photographs under different lighting
z conditions

-

L 4 Copying and drawing Test of visuo-motor integration Not impaired

Z . Letter cancellation Not impaired.

S 4. Attention - - -

S Number cancellation Impaired on time taken but not on accuracy
é Word and non-word repetition Not impaired

? 5. Working memory Digit span Not impaired

g Corsi block span Not impaired

S 6. Executive function Face sorting task Not impaired




CHAPTER 4: COGNITIVE FUNCTION ' 210

1. Academic attainment

Results from the baseline tests of literacy (WORD) and numeracy (WOND) showed that
there were no significant differences between the performance of patients with AS and
controls on either of these tests. It was predicted that individuals with AS would be
impaired on tests of language ability; however, the results of the WORD showed that they
performed at very similar levels to controls on all the measures of this test. Nevertheless,
individuals with AS did show more variation in the level of performance than controls, as
indexed by the large standard deviations for the patients with AS, which suggests that some
patients with AS may have particular problems with language, but that this is not the case
for all of the patients as some even performed better than controls on measures of the

WORD.

2. Visual matching

Patients with AS were not predicted to be impaired on tests of basic visual perception, but
were predicted to have significant difficulties with the perception and processing of facial
information. These predictions were partially supported. The results showed that there was
no significant difference between patients with AS and their controls on a test of simple
visual processing (the Benton test of line judgment) indicating that basic visual perceptual
skills are intact in this patient population.

For face processing, however, there was partial support for the prediction that patients with
AS would be impaired on tests of face-matching (the Benton test of Facial Recognition and
the face-sorting task). For the Benton test of Facial Recognition, there was weak evidence
that patients with AS were impaired on the matching of face-on photographs under
different lighting coﬁditions; however they were not significantly impaired on the matching
of face-on and % view photographs. Further investigation revealed that the problems on
this task are likely to be associated with differences in the way in which individuals with
AS perceive visual information. This is because the differences in performance on this task
were removed when performance on the Benton test of line judgment (i.e. basic visual

perceptual abilities) was partialled out.
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A study by Deruelle et al. (2004) tested individuals with autism on a task where they had to
match faces based either on local or global facial features. They found that in contrast to
the controls, individuals with autism performed better on the matching of local features
than on the matching of global features. It is therefore likely that the current results reflect
the increased tendency to focus on local rather than global features of an image in patients
with AS. The matching of faces under different lighting conditions will have been difficult
for individuals with AS because some of the local features of the face on which they rely in
order to match correctly, could not be seen because of shadows. In contrast, for matching
face-on and % view photographs, none of the local features were missing; there was just a
decrease in the number of local features that could be seen because of the angle at which
the photograph was taken. The fact that individuals with AS did not have problems with
this aspect of the task thus suggests that the local features on which they match faces were
present here, but may have been missing or less obvious in the task with different lighting

conditions.

The results of the face-sorting task are considered in some detail in the section on executive
functions below. However, it is important to briefly consider them here because the results
from this task showed that patients with AS were not impaired even though it required the
processing of faces. A possible explanation for this finding is that the stimuli in the face
sorting task were‘line drawings, not photographs and patients with AS were not impaired
on the face sorting task because they did not process these line drawings of faces in the
same way that they would noﬁnally process “real” faces. This possibility is supported by
the results from the Benton test of Facial Recognition as the faces used in this task are
black and white photographs of faces, not line drawings, and patients with AS did have
some difficulties with this task.

There is evidence in the literature to support the idea that individuals with autism do not
process faces in the same way as controls. Dawson and Zanolli (2003), for example,
carried out an investigation of the development of face processing and found that 3-year old
children with autism did not produce different ERPs when shown photographs of their
mother’s compared to a stranger’s face. They argued that these results showed that the
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normal specialized face processing system does not develop properly in individuals with
autism because these individuals do not attend to faces and therefore do not acquire the

necessary expertise for face processing and accurate face recognition.

In summary, individuals had some difficulties with face processing and this is likely to be
due to the fact that they focus on local rather than global features of faces. Furthermore,
their difficulties may be related to the fact that the normal specialized processing system for

faces does not develop properly in individuals with autism.

3. Copying and drawing

Patients with AS were not predicted to be impaired on the test of visuo-motor integration
(VMI) which assesses copying and drawing abilities. As was explained in the discussion
for patients with PFT, the VMI depends on essentially the same visuo-perceptual abilities
as the Benton test of line judgment, but is a slightly higher-level function as it also involves
motor output. The results showed that there was no significant difference between the
performance of patients with AS and their controls on the VMI. This indicates that in
addition to not having problems with simple visual perceptual abilities (as shown by the
results of the Benton test of line judgment), patients with AS also do not have problems

with the motor functions needed to copy visually presented shapes.

4. Attention

The prediction that patients with AS would be impaired on tests of attention (the letter and
number cancellation tasks) was partially supported by the results. Patients with AS seemed
to make a sacrifice in the time taken to complete the number cancellation task in order to
get as many correct as possible because they were significantly slower than controls to
complete the task but did not differ significantly from controls in the number of correct
cancellations. It may be difficult for individuals with AS to process information efficiently
because they do not have the systems in place that enable them to simultaneously process
or consider multiple inputs and therefore are slower to attend to stimuli. There is evidence
in the literature that there are abnormalities in the way that individuals use attention. Allen

and Courchesne (2003), for example, carried out an fMRI study of attention and found that
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individuals with autism showed significantly less activation in the regions of the

cerebellum thought to be involved in attention than did controls.

Furthermore, this finding of abnormalities in attention abilities is interesting in light of the
fact that attention is subserved by the frontal lobes and that there is evidence that the frontal
lobes are abnormal in autism (Caipér and Courchesne 2000; Minshew et al. 1993; Bailey et
al. 1998; Hughes et al. 1994).

5. Working memory

The results of the tests of working memory showed that patients with AS were not
significantly impairéd on phonological working memory or on digit span. There was weak
evidence that patients with AS were impaired on spatial working memory (the Corsi block
span) and further investigation suggested that it is the working memory aspect of this task
that is problematic for the patients with AS rather than aspects related to spatial abilities.
The finding that individuals with AS had difficulties with the test of spatial working
memory is consistent with a study carried out by Morris et al. (1999) who found that
patients with AS were significantly impaired on a test of spatial working memory. Morris
et al. (1999) found similar, but less severe difficulties with spatial working memory in a
group of patients with left frontal excisions. These results indicate that the abnormalities
present in the brains of patients with AS result in more substantial difficulties with spatial
working memory than the difficulties that result when regions of the frontal lobe are
excised. This is likely to be associated with the fact that patients with AS have
abnormalities not only in the frontal lobes, but also in additional regions of the brain (for
example, the cerebellum) because the neural connections of the brain during early

development are abnormal.

It is interesting to note that previous studies have found that working memory is intact in
individuals with autism (Minshew and Goldstein, 2001; Ozonoff and Strayer, 2001) and the
current results might therefore suggest that individuals with AS may have difficulties with
some forms of working memory that are not problematic in individuals at the less able end

of the autistic spectrum. This is in line with previous work that has argued that different
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working memory systems are dissociable. A study by Pickering et al. (1998), for example,
found little relation between the performance of normally developing children on tests of
verbal working memory and on tests of visuospatial working memory, indicating that there

are likely to be dissociations between these memory systems.

Furthermore, the results indicate that the problems with memory in patients with AS
reported by parents in the developmental questionnaire (see Chapter 2) may involve

difficulties with working memory.

6. Face matching

Contrary to predictions, individuals with AS were not found to be impaired on the
executive functions tested by the face-sorting task. This is an unexpected result. There is
much evidence in the literature to show that individuals with AS have difficulties with
executive functions (Ozonoff et al. 2004; Ozonoff et al., 1991; Geurts et al., 2004).
Furthermore, there is evidence that these patients have difficulties with the WCST in
particular (e.g. Shu et al., 2001; Ozonoff et al. 2001) on which the face-sorting test was
based. This suggests that there is something about the face-sorting task that makes it
relatively easy for individuals with AS to perform well. In order to work out what this
might be, it is necessary to contrast this test with the WCST. The most fundamental
difference is that the face-sorting task uses faces rather than shapes. It might be the case
that this provides an advantage for patients with AS because the faces provide more cues by
which they can match. A number of studies have shown that individuals with high
functioning autism are particularly good at tasks which depend on good local processing
such as the identification of embedded figures (Jolliffe & Baron-Cohen, 1997; Shah & Frith,
1983; Mottron et al. 2003), but perform at normal levels on tasks which depend on global
processing (e.g. Mottron et al. 1999; Ozonoff et al. 1994). This is also the case for face
processing. A study by Deruelle et al. (2004) considered in the section on visual processing
above, found that individuals with autism were better at matching on high frequency than
on low frequency facial information (i.e. on local rather than global facial features). Thus,

the lack of problems with the face-sorting task may be associated with the fact that these
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individuals with AS are able to focus on the local features of the faces in order complete the

task.

However, it is important to remember that patients with AS are known to have difficulties
matching faces, a fact that is linked to their socio-emotional impairment and their problems
with communication and theory of mind (see Section 1.4.3.2.1). Therefore the fact that
they do not have problems matching faces in this task might appear unexpected.
Nevertheless, as explained in the section on visual perception above, it is important to
remember that the faces in the face-sorting task are 2-dimensional line drawings. This
means that it is possible that individuals with AS do not process these pictures in the same
way that they process faces and therefore do not have the same difficulties with these 2-d

line drawings.

The effects on cognitive function of neurodevelopmental versus acquired damage to
the cerebellum

It is commonly believed that there is a fundamental difference between brains affected by
neurodevelopmental abnormalities and brains affected by acquired pathology (see Section
1.1). Those affected by neurodevelopmental damage are thought to have been abnormal
from the beginning of inter-utero development so that there are abnormalities in their
connections and neural networks. Brains affected by acquired pathology, on the other hand,
are not believed to have been abnormal from the beginning. These brains are thought to
have normal, intact, neural connectivity and until the onset of the acquired pathology, they
also had normal potential. Thus there are likely to be differences in the performance of
patient groups with neurodevelopmental versus acquired pathology of the same brain

region.

In the current investigation, the cerebellum is affected in the two patient populations and
the results show that there are a number of differences in the intact and impaired cognitive
functions that may be associated with this cerebellar damage. The patients with PFT, who
have acquired pathology of the cerebellum, have particular difficulties with the executive
functions of set maintenance and set-shifting as assessed by the face-sorting task, and with

reading comprehension as assessed by the WORD. The patients with AS, on the other hand,
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who have developmental abnormality of the cerebellum in addition to a number of other
brain regions, were found to have particular difficulties with verbal (and to a lesser degree,
spatial) working memory, with some aspects of attention and with the visual perceptual task
of face matching. It is possible that these differences in performance could be explained by
differences in the way that the two patient groups approach cognitive tasks as a result of
their different brain abnormalities. That is to say that the abnormal neural conneétivity of
the brain in patients with AS could mean that they do not approach cognitive tasks in the
normal way. This was in fact demonstrated for face recognition where it appeared that
patients with AS focussed on local rather than global features. It is possible that
comparable differences in approach could explain the impairments in working memory that
were found in patients with AS, although this clearly requires further investigation in order
to determine what mechanisms these patients use to retain information in memory and
whether these are substantially different from those used by normal controls. For the
patients with PFT, who have normal neural connectivity and whose early development is
believed to have been normal, it is likely that they approach cognitive functions in the same
way as normal controls. However, because sections of their cerebella are damaged or even
missing, they are likely to have particular difficulties with the functions that are subserved

by those cerebellar areas.

To summarise, patients with AS may have difficulties with cognitive functions because
they do not approach the tasks in the conventional way as a result of abnormalities in the
connections of the brain which form during early development and which affect a number
of different brain areas, one of which is the cerebellum. The difficulties of patients with
PFT, on the other hand, may not be related to differences in the approach to tasks, but to
actual problems with the normal completion of the tasks due to damage to the regions of the
cerebellum (and the knock-on effects on other regions of the brain with which the

cerebellum has strong connections) that normally subserve a particular function.

4.6 Summary _
The investigations into cognitive function in patients with PFT and patients with AS have

revealed that patients with PFT have difficulties with executive function and reading
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comprehension, but have intact verbal and spatial working memory, visual perception,
numeracy and copying and drawing abilities. Patients with pathology of the right
hemisphere of the cerebellum appear to have particular problems with face recognition, but
patients with midline or left hemisphere pathology do not have particular difficulties with
any of the cognitive tests administered. Patients with AS appear to have difficulties with
verbal working memory, with some aspécts of attention and spatial rwork'ing memory and
with visual perceptual face matching, but do not have problems with literacy, numeracy,
copying and drawing, or the executive functions of set maintenance and set-shifting

assessed by the face-sorting task.
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