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ABSTRACT

The thesis examines one important area of the skills that underlie
the development of non-representational graphic ability, namely the
Strategies used by children and adults when reproducing geometric figure
Stimuli in a variety of test conditions. A review of the experimental
literature in this area revealed a number of methodological weaknesses in
Previous studies, which included the failure to control for the precise
nature of the figure stimuli presented to subjects and the need to employ
more rigorous methods of assessing accuracy of reproduction. The five
Studies in the thesis take these criticisms into account by careful
attention to the nature of the stimuli and to the methods used to classify

Copying strategies.

The findings of the studies can be summarized as follows; with age
Comes an increasing consistency in the tendency to employ uniform stroke
directions when copying simple figures, and to isolate and draw as
complete units 'good' parts of more complex figures. Differences in the
accuracy of copying, as in well as the sorts of strategies used, are found
as a function of age, stimulus complexity, and the presence or absence of

a delay between the perception and reproduction of each stimulus.
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overview

This thesis has one main aim. It attempts to trace the use of
Strategies in the copying of geometric figures by children and adults.
The five studies reported in the thesis also examine the relationship
between strategy and accuracy of reproduction across a number of
€Xperimental conditions. Although a great deal of systematic research has
been carried out in the past fifty years on the development of
representational skills in children, a relatively small amount of this
research has concentrated on the process rather than the product of
graphic skills. To questions need to be asked at this point. Firstly,
why study drawing and copying behaviour? Furthermore, why concentrate on

the copying of geometric figures rather than realistic objects?

The study of drawings has long attracted the attention of
PSychologists who have sought to explore further the ways in which the
child comes to represent the world around him. Increasing ability in
representational drawing has been taken as an indicator of intellectual
advancement and developing self-concept, with specific drawing tasks being
given to the child to measure these abilities (for example Goodenough,
1926; Piaget and Inhelder, 1956). Simple figure reproductions have also
been employed for the assessment of neurological damage in the child and
adult (Bender, 1938). There has also been interest in the development of
the most commonly used forms in the spontaneous drawings and scribbles of

children from an early age (Kellogg; 1969, 1979).

The thesis does not, however, attempt to associate the study of
Copying strategy with any wider theory of cognitive development. Rather,
its starting point is to examine the regularities in graphic behaviour

across a range of differing, but well-controlled stimuli. Only after



assessing these regularities can one hope to develop a coherent picture of
the development of copying skill. The approach used to study copying in
the thesis sees such reqularities as 'rules' or strategies, the former
term having been first used in the study of copying behaviour by Goodnow

and Levine (1973).

The study of copying rules in the thesis is at a number of levels and
bPartly as a function of the complexity of the stimulus. This ranges from
Noting the direction of drawing of lines in different orientations, either
singly or as part of a larger figure, to the global principles or rules
that govern the copying of a figure as a whole. The assessment of copying
accuracy in the thesis has its basis in two research areas; that which has
eéxamined for educational purposes the effectiveness of different
instructional procedures on early handwriting practice, and studies that
have used measurements of copying error to assess developmental

reproductive skill.

Two final areas of interest in the thesis deserve to be mentioned at
this point. The first of these concerns the emphasis placed on the
Teégularity of the principles used to derive figure stimuli. This is seen
as important for the single reason that the kind of strategies that are
implicated in controlling copying behaviour are themselves a function of
Stimulus construction and complexity. The second area of interest
Concerns the processes with which figures are encoded in a delayed
reproduction task, and asks whether such processes are primarily visual or
vVerbal ones. Because of the complexity of the task used to examine this

issue, adult rather than child subjects are used.

The following is a brief summary of the aims and methods of the five

Studies reported in the thesis;



Study 1

Study 11

Study 111

Studx v

is a preliminary and individualistic study. It examines over
the period of one year the consistency with which drawing rules
are applied across a range of stimuli by two six year old
children. The study also looks at the change in accuracy of
reproduction for the two subjects in a year in which

handwriting instruction is commenced.

uses a consistent framework to derive figure stimuli. Tt tests
the hypothesis that the facilitated perceptual manipulation of
good Gestalt parts within these figures is also present in a

reproduction task. This study uses adult subjects.

interrelates the issues of strategy and accuracy in
reproduction from a developmental standpoint. The study uses
the figure generation framework of Study II to derive figures
of differing complexity. These figures are copied in an
immediate or delayed condition to assess the role of memory in
copying strategies. A more detailed analysis within this study
examines the way parts are drawn in both successful and
unsuccessful copies, and derives a working model to account for

the drawing of these parts.

asks whether the processes by which adults encode stimuli in a
delayed reproduction task are visual or verbal ones.
Interference tasks are used for this purpose, with a further
analysis examining the extent to which simple directional rules
are followed both within the figure as a whole and its

component parts.



Study v

examines angular distortion and the use of consistent
directions for single lines drawn from baselines, but within
the context of copying a complete, enclosed figure. The study
is a developmental one, comparing adults' level of response

with that of three child groups.



The Strategy-based Approach and the work of Jacqueline Goodnow

The single study most relevant to the thesis embodies the need to
describe and examine the regularities in drawing behaviour during a simple
reproduction task, and is that of Goodnow and Levine (1973). This study
takes as its rationale the description of drawing strategies in terms of a
'grammar of action'; this term being used to outline the principles with
which the individual strokes comprising reproductions of simple geometric
figures are constructed. As such, Goodnow and Levine's study was
Conceptually a simple one, acknowledging research which had previously
noted the sequences and paths used when reproducing individual geometric
figures (Gesell ana Ames, 1946; Ilg and Ames, 1964), but extended this
analysis to describe in terms of 'rules' the principles that regularly
Occur across different figures. The questions that are asked in the 1973
Study are essentially those that are expanded upon and analysed more fully
in the thesis; namely the testing for the presence and development of
Copying rules, the interaction of rules of different kinds as a function
of differing stimulus construction, and the type and level of errors
Committed by children of differing ages and with figures of differing

Complexity.,

Goodnow and Levine's (1973) study showed that for the set of fifteen
Stimulus figures attempted by each subject, the use of six common drawing
Tules varied primarily as a function of subject age. These six rules were
Separated into two categories; rules which described the starting point on
a figure copy ('Start Rules'), and rules which noted the method of
Progression through a figure after a starting point had been chosen
('"Progression Rules'). Figure 1 below gives the fifteen stimuli used in

the study, these having been derived from Graham, Berman and Ernhart

(1960), itself a study which examined stimulus complexity and accuracy of



reproduction.

Figure 1; The Fifteen Stimuli used by Goodnow and Levine (1973).
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The six drawing rules that were used to explain the copying
Strategies for successful reproductions of the majority of the fifteen

fiqures given above were as follows;

'Start Rules'- Left Start (start at a leftmost point on the figure)
Top Start (start at a topmost point on the figure)

Vertical Start (start with a vertical stroke)

'Progression Rules'- Draw all Horizontal Lines from Left to Right ('L-R')
Draw all Vertical Lines from Top to Bottom ('T-B')

Thread (i.e. draw with a continuous stroke)

Two considerations about the use of these rules need to be raised at
this point. Firstly, although a further rule was invoked to account for
the starting behaviour of those figures with apexes (<> ,43 ,/\ ), that of
'start at the top and come down the left oblique', remaining figures with
°blique lines (‘7 ,\/) had these lines effectively re-classified as
Verticals for rule-use analysis. Secondly, it can be seen that all six
fules cannot be applied to every stimulus figure, thus raising the concept
of 'rule conflict'. For example, when drawing a square, the T-B and L-R

Yules can both be used without conflict, but both of these are



incompatible with the Thread rule. Rule conflict is examined in Goodnow
and Levine's (1973) paper primarily with regard to that present between
the Left and Top Start rules, with the finding that for figures where no
conflict between these two rules is inherently present, both rules are
used widely and in conjunction with each other. However, where such
conflict is present the use of either rule is dependent on subject age and

the structural nature of the individual stimulus.

Examined for figures where the use of each rule was possible
(regardless of possible rule conflict), it was found that for the
right-handed subjects that were used exclusively in this study use of the
Left and Top Start rules increased from mean subject age 4:5 years to
adulthood, but that the use of the Vertical Start rule peaked at
approximately six years to decline by adulthood. Progression rule use
increased with age for the T-B and L-R rules, but the percentage use of
the Thread rule was also found to decline after the age of seven. Figure
2 reproduces and condenses the graphs from Goodnow and Levine (1973) that

Show these age trends in rule use.



Figure 2; The Developmental Use of Start and Progression Rules

(from Goodnow and Levine (1973))
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In the second half of the 1973 study Goodnow and Levine went on to
interpret the relatively commonly-found reversal of the lower-case
letters 'p', 'q', 'p' and 'q' in terms of the preference when printing
these letters for combining the Vertical Start and L-R rules, by using
geometric figures that corresponded in structure to these forms. The
combined use of these two rules for the four letters explains neatly why
'd' anq 'q' figures tend to be reversed more often than their 'b' and 'p'
Counterparts (Lewis and Lewis, 1965), as the position of the enclosed loop
that separates each pair of figures is to the left of the vertical for '4d'
and 'q', and hence is more likely to be omitted if starting with a

Vertical and printing from left to right.

Apart from further research into rule use, Goodnow and Levine's
(1973) study held potential for future studies examining difficulties
€Xperienced by young children when first learning to write, either in
terms of the rule-based errors that were committed or the method of
instruction for letter formation given to the child. Given that Goodnow
and Levine's approach would appear to have been a valid one, why examine
in greater detail the development of copying strategies instead of
directly applying the principles inherent in the rule-based approach to
aid early letter printing? Furthermore, if a further examination of the
development of strategies in graphic tasks is thought to be necessary, why

Concentrate on copying, rather than spontaneous freehand drawing tasks?

The answers to the above two questions are interrelated. Many issues
Concerning the nature of the strategies used in copying tasks remain
Unanswered by both Goodnow and Levine's (1973) and ensuing studies. The
thesis examines at least some of these issues. For example, to what
€Xtent are there different levels or types of strategy used in copying

Simple or more complex figures? Examined in the thesis are different
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levels ang kinds of strategy, ranging from an analysis of individual line
directions to the importance of the drawing of complete Gestalt units

Within larger and more complex figures.

To carry out such studies care must be exercised in the design of
figures employed as stimuli. The advantage of copying over spontaneous
drawing tasks in non-representational studies of strategy lies in the
greater level of control in the stimuli that are drawn in the former type
of task. The concern over the structural nature of the stimulus is
Present throughout the thesis, and regarded as being underemphasised in
Previous research. To this extent a consistent framework from which
Stimuli are derived on regular principles is employed in three out of the
five studies reported. As has already been noted, structural
Considerations are also relevant when designing instructional principles
for early letter formation and printing. One commonly used method is the
teaching of a directional path specific to each individual letter, with
the expectation that over time, and with practice, such paths become
Automatized (Jarman, 1979). Little research has been carried out, however,
into the extent that the commonly taught paths concur with the directional
Strategies spontaneously used by children when copying very simple figures
and lines, such as those included in upper and lower-case letters. 1Is
letter formation instruction based on either the use of directional rules
Or copying, as opposed to tracing techniques, the most efficient way to

Proceed?

In attempting to provide answers to these and other questions,.the
five studies in the thesis draw on a range of previous research that is,
in gsome cases, only distantly related to research into copying strategies.
The inclusion of such a broad spectrum of research is necessary, however,

to place each study in context and to relate it to previous findings in
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dppropriate areas. This literature can be separated out for present
Purposes into seven overlapping areas, the first of which examines studies

concerned primarily with strategy in copying and drawing tasks.
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Extensions of the Strategy Approach.

The study of strategy in copying is concerned with two related
issues, namely the direction of drawing of individual lines and their
Ordering within a complete figure. A number of studies have examined the
Strategies used in tasks that resemble those of copying and drawing in
terms of the necessarily sequential ordering of component elements. This
short section reviews a small number of such studies, and examines the
eéXtent to which the constructional principles given in the papers of
Beagles-Roos and Greenfield (1979) and Taylor and Bacharach (1981) are

hierarchically organized.

Goodnow (1977) includes the rule-based approach to the study of the
Copying of geometric figures as part of a more general approach to the
eXamination of representational and non-representational drawing skills.
The common thread that draws together the different elements in this short
book is the importance placed upon the principles used in combining the
Component parts of a drawing or copy into a coherent whole. The influence
of this structural approach has been an important one, with van Sommers
(1983) confirming Goodnow's assertion that the choice of parts in the
Tepresentational drawing of young children is a 'conservative' one. For
the young child, van Sommers claimed, new information about a subject is
added primarily in the form of embellishments to the child's existing
drawing schemas, with changes to each schema occurring less easily. The
Conservatism of the young child's approach is a schematic, rather than

Motor-oriented one.

One approach to the study of drawing skills in adults which made use of
Strategies is that of Beittel (1972). This underestimated work examined

Strategies in terms of the wider principles or modes of drawing that
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control the more detailed construction of elements within an individual
Picture. For example, Beittel postulated the existence of 'spontaneous'
and 'divergent' drawing strategies, with 'strategy signs' that are present
in the drawing pointing to which of these two approaches had been used.

To summarize Beittel's conclusions, the ultimate objective of divergent
Strategies ig primarily one of 'discovery', and of spontaneous strategies,
'problem-solving'. Although Beittel included in the Introduction to his
book the hierarchical organization of strategies given by Miller, Galanter
and Pribram (1960), this aspect is not developed further in his own model.
The aim of Beittel's theorizing was to improve artistic and drawing
technique, but with simpler methods toward this goal being provided by
Edwardg (1979). Whether either of these techniques are effective in

teaching or improving graphic skills in the older child or adult is open

to debate.

More theoretically advanced approaches to the development and use of
Strategies which are not directly tested by the use of drawing tasks have
been providea by Taylor and Bacharach (1981) and Beagles-Roos and
Greenfield (1979). The former paper related the selection by three to
five year olds of one of three systematically distorted human-like figures
to the spontaneous drawings of the same subject by each child. Taylor and
Bacharach found that 'metaknowledge' about 'drawing systems' develops with
age, and 'changes the nature of the original concepton of the subject'.

If one can conceive of a hierarchical system of rules that control the
drawing of geometric figures, as Pigram (1979) has hypothesised, then such
'm8taknowledge' about drawing would be at or near the top of such a

hierarchy.

Beagles-Roos and Greenfield developed further the concept of a

hierarchy for reproduction tasks, but used the ordered construction of
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bParts in a simple reproduction of a tree with component parts that had
already been provided by the experimenter to test their hypothesis. It
Was found that the older of the subjects aged between four to five and a
half years tended to employ 'interrupted' strategies for the completion of
the Pictures, which in practice meant that further sections of a copy were
Started before previous ones had been finished. Although the younger
children were able to demonstrate this more complex strategy when asked,
they did not use it in their spontaneous reproductions. Although this
Study showed that older children used more complex methods for assembling
Picture elements, it does not necessarily follow that the principles
behind such constructions are hierarchical ones. For hierarchical control
to be invoked there must exist the possibility of influence from the
larger, higher units of organization to the lower, atomistic ones. The
authorg suggested that because interrupted constructed sequences are
émployed and that these influence smaller 'sub-assemblies', the principles
used by older children are necessarily hierarchical because of this

downward control. This conclusion is a realistic one.

One theoretical approach considered but not used in the thesis, and
One which could be said to be at the lower end of a theoretical hierarchy
of rules, is that of Production Systems to explain in minute detail the
Seéquencing of each stroke within an individual copy of a geometric figure.
Thisg methodological approach sees cognitive skills as hierarchically
Organized and with consistent subroutines for the smaller behavioural
elements (Young, 1978). Theoretically, the six drawing rules of Goodnow
and Levine (1973) could be considered as examples of such subroutines,
With Production Systems being derived for individual children to control
the way these or other rules are used in the copying of individual figures
(Young, personal communication). This approach is not pursued in the

thesis due to the technical difficulties in actually constructing an



16

effective Production System, partly a function of the low levels of
Consistency with which children of differing ages employ some drawing
rules, and to the restricted number of very simple figures to which any
one Production System would be relevant. Nevertheless, an
individually—based study of rule use is given in the thesis, but with an

emphasis on the regularity or otherwise of rule use across stimuli.
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Further Studies of Copying and Drawing Strategies.

The central theme that unites the following studies is the analysis
of directional principles that guide a child or adult through the
réproduction of a simple figure. Although Goodnow and Levine's (1973)
éXamination of drawing strategies in terms of rules was a novel one,
Several previous studies had charted the changing preferences for
directions and starting points in the copying of simple figures. The most
Complete of such surveys were those of Gesell and Ames (1946) and Ilg and
Ames (1964). These two studies quite simply noted the most commonly used
drawing paths of children aged between four and a half and ten years when
attempting to draw such figures as a square, circle, cross, triangle and
diamongd (Ilg and Ames), and also single horizontal and vertical lines from
the age of two and a half years (Gesell and Ames). Both studies traced
the developmental changes in strategy preference in a normative, but
atheoretical manner, concluding that with age comes an increasing
Preference for more fixed directional principles, such preferences later
to reappear in a simpler, modified form as Goodnow and Levine's

Progression Rules.

The developmental trends examined by Gesell and Ames (1946) and Ilg
and Ames (1964) and put into a theoretical framework by Goodnow and Levine
(1973) were primarily those of right-handed, Western children. Studies
f0110Wing that of Goodnow and Levine have tested for differences in
€opying strategies as a function of handedness and culture. Goodnow,
Friedman, Bernbaum and Lehman (1973) examined the influence of
directionality in the teaching of the native script. Comparing subjects
USing English (left to right) or Hebrew (right to left) scripts, copies of
4 series of stimuli similar to those in Figure 1 were made. For both type

of Script users, Goodnow et al found 'broadly similar' developmental
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trends for the use of the six Start and Progression rules given in the
Goodnow and Levine (1973) study, but with some minor differences. For
eéXample, the use of the Thread rule declined at an earlier age for the
Israeli children in the study, and for the |—,—+, ana = stimuli the
Israeli children started more often with the horizontal line than did the
American children. Goodnow et al explained such differences as 'the
result of experience with paths taught for forming letters', and
emphasised the similarity between early writing and copying behaviours.
NGVertheless, the levels of usage of the L-R rule in the Israeli children
remained too high for a complete explanation in terms of the acquisition
of the right-left directionality solely via the teaching of the Hebrew

Script to an acceptable one, as Pigram (1979) pointed out.

The role of handedness, inherent direction of script and the use of
directional rules was further examined by Dreman (1974). For the Israeli
adults in this study that used Hebrew (with its right to left
directionality), right-handers drew the single horizontal lines in the
figures in the Bender Gestalt Test (1938) from left to right at a 92%
rate, but with left-handers continuing to use the L-R rule at a relatively
high 794, Dreman concluded that few of the simple directional trends used
by adults in graphic tasks were due to cultural influence, confirmed by
Reed and smith's (1961) finding that 86% of Western left-handers drew
horizontal lines in a right to left direction. At what age, therefore,

€an such directional patterns be said to set?

Connolly and Elliot (1972) noted the directions used by three to five
Year olds when freely painting single horizontal, vertical and oblique
lines. From the pattern of data generated from this study, it can be seen
that even at this young age, and tested using such a gross motor task,

Verticals were more often drawn from top to bottom and horizontals from
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left to right, although there was also a high proportion of 'to and fro'
directions for both these and oblique lines, presumably due in part to the
young age of the subjects and the nature of the painting task itself.

What is to be concluded from the studies which have examined handedness
and directionality? The simplest explanation concerning the developing
Use of directional rules is that they are present before formal writing
instruction is given, although the level of use is capable of modification
by environmental factors if the handedness of the subject is not in
Concordance with the inherent directionality of the way the script is
taught. The use of directonal rules on a range of stimuli before and

after initial writing instruction is examined in Study I.

Relatively few studies have modified Goodnow and Levine's (1973)
'grammatical' rule use analogy with regard specifically to the copying of
geometric figures, despite its apparent success in summarizing directional
drawing trends. Ninio and Lieblich (1976) did continue with this
approach, investigating further with child subjects between the ages of
four ang twelve years the nature of the possible conflicts and
combinations of rules using three very simple stimuli ( | = oL Ye Ninio
and Lieblich's analysis for the first of these figures was in terms of the
Complexity of the choice of drawing strategy. It was found that younger
Subjects avoided more complex strategies for the copying of the figure,
Choosing those with fewer degrees of freedom. However, further
e@Xtrapolation from Ninio and Lieblich's study is limited due to the very

Small range of stimuli on which their conclusions were based.

Using an expanded series of eight simple geometric figures, Nihei
(1980) derived three organizational principles to account for the
Combination of component lines within figures. Subjects aged from five

Years to adulthood were found to employ one or more of the following
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Principles to differing extents;

Fixed anchoring- the same point (or line) served as the starting
point for all strokes.

Fluiq anchoring- lines drawn exclusively from the end of the previous
stroke (equivalent to the Thread rule).

Ballistic starting- strokes started from a point disconnected from

previously drawn lines.

The five year old children used both Fixed and Fluid anchoring, but
nNot the more complex Ballistic starting, and by the age of six Fluid
anchoring was used almost exclusively. Adults, however, used a
Combination of all three principles for different figures, but
Nevertheless ensured that the simpler L-R and T-B rules were rarely
infringed. Thus for both Ninio and Lieblich (1976) and Nihei (1980) the
deVelopment of copying strategies in geometric figures is marked by an
inCreasing willingness with age to employ more complex organizational
Principles, but which do not override the simpler directional rules for
individual component lines. The findings from these two studies helps to

eXplain the declining use of the Thread rule in Goodnow and Levine (1973).

To what extent, however, can even the simple principles controlling
the drawing of line direction justifiably be called 'rules'? If a certain
rule is used to only a limited extent by a certain age group or with
Certain limited types of stimuli, is it a 'rule' at all? This point was
raised by Pigram (1979), in a study which examined further the levels of
Tfule use for subjects older than Goodnow and Levine's (1973) oldest child
Jdroup of mean age 6:11 years, finding that for a similar range of figures
a8 the original study, rule use after this age change continued to change

r
€gularly up to the mean age of 9:5 years. Pigram concluded that the term
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'rules’ might well be better replaced by that of 'plans' (with reference
to Miller, Galanter and Pribram, 1960) to reduce the pejorative aspects of
the former term. This suggestion is rejected in the thesis due to the

Possible confusion that might arise in comparing results with previous

Studies.

A more serious criticism of previous studies of copying strategies is
the limitation placed on the interpretation of their results due to either
the lack of control or comparability over the figures used as stimuli , or
to the very limited and simple nature of the stimuli that are used when
Some level of control is exercised (for example Ninio and Lieblich, 1976;
Nihei, 1980). The copying strategies delineated by such studies could be

Said to be largely a function of the figures used as stimuli.

Younger children, however, are not always capable of successfully
€Opying more complex figures. Di Leo (1970) gave the following
approximate ages at which different geometric figures are successfully
Copied; circle (three years), cross (four years), square (four and a half
Years), triangle (five years) and diamond (seven years). Nevertheless,
even unsuccessful attempts to reproduce more complex figures may highlight
different kinds of copying strategies not considered by previous research.
For éxample, if stimuli more complex than those given in Figure 1 cannot
be accurately reproduced by children of a certain age, but a part within
the incorrect whole is reliably reproduced, what can be concluded about
the role of that part in the reproduction as a whole? OQuestions such as
this re-emphasize the importance of the structural nature of the stimulus
in studies not only of copying ability (Beery, 19868a, Graham et al, 1960)
but a1go that of strategy. Little research has been conducted that
i“VeStigates specifically how the structural nature of the stimulus

affects copying strategies.
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One further criticism of studies of copying strategies is the lack of
attention paid to the processes that underlie the ability to reproduce
figures Successfully. To this extent tﬁe above-mentioned studies of
Copying strategies are descriptive rather than analytic, outlining the

Commonly used drawing principles but not the developing abilities that may

relate to these.
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Skills Related to Copying Ability.

The study of these skills has taken place against a number of
theoretical backgrounds, for example the use of copying ability or related
skills as unique indicators of levels or stages of mental development, or
to examine the levels of copying ability displayed by children currently
able to display other perceptual or motor skills. There are two major
Studies in this area which attempt to correlate a measure of copying
ability with indices of perceptual and motor skills, as well as those of
chronological and mental age. These are the studies of Townsend (1951)

and Birch and Lefford (1967).

Townsend's (1951) aim was different to that of Birch and Lefford
(1967), and was ultimately concerned with the practical question of the
Nature of the relationship between perceptual and motor skills and early
Writing, and to what extent these skills were related to a general measure
of intelligence. Townsend's now rather dated review of the research
literature led him to test whether the ability to copy geometric forms
develops independently of its component skills, with the abilites included

in thig study being those of form perception and fine motor skill.

Before the results of Townsend's (1951) study are reported, one
question to be raised at this point is how 'copying ability' itself comes
to be measured. This is of central concern to the thesis, and considered
to have been relatively neglected by past research to the extent that each
Past study has employed different methods of measuring accuracy and error.
The studies which have attempted to examine and define more precisely the
Nature of copying skill have given some thought to the different sorts of
€rrors that can be committed when reproducing a figure and the ways in

Which such errors interrelate. 1In general, lesser consideration to this
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Problem has been given by the more educationally-based studies of copying
and early writing, where the judgement of a copy as 'correct' has tended
to be a rather arbitrary one. Although the majority of these studies
report acceptable interjudge accuracy measurement correlations, the
difficulty in inter-study comparison remains. Similar problems arise
when, for example, different methods of measuring motor ability or form
Perception are used. Study I in the thesis pays special attention to this

Problem, using a variety of methods to measure reproductive error.

The problem of error measurement was central to Townsend's (1951)
Study. 1In this study, each copy of the seventeen geometric figure stimuli
(the nine Bender Gestalt designs and eight others) were judged on four
accuracy dimensions, giving a maximum accuracy score of four per CopY «
These four dimensions were as follows, with acceptable/unacceptable

judgements made on each;

'inclusion of all components'
'representation of essential form'
'preciseness’

'correct orientation'

No consideration was given to the possibility of the weighting of
these four dimensions, although inter-judge scoring correlations of .9
Were reported. Moderate to low intercorrelations were obtained between
the four accuracy dimensions (ranging from .26 between correct orientation
and preciseness, and .78 between inclusion of all components and
epresentation of essential form). As a whole the total copying score
Correlated at .60 with a measure of form perception, .52 with motor

ability, «58 with mental age and .34 with chronological age. The higher

Correlation of form reproduction scores to mental age than chronological
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age was also to be supported by Beery (1968b). Noting that overall levels
of Copying accuracy did not increase after the age of eight years,

Townsend (1951) concluded that ;

'measures of either mental age or form perception which rely on copying
responses may be unreliable in that copying in and of itself is an

unpredictable variable in the subject'

Birch and Lefford's (1967) monograph can be said to have analysed the
Components and correlates of developing copying skill at a higher level.
This study emphasised the essential link between sensory and motor
Processes, and examined the nature of this 'intersensory integration'
Using tasks of visual analysis, synthesis and recognition, dot-connecting
and tracing, as well as a visual-motor task. The visual synthesis task
involveqd putting together a series of component elements to form a simple
deometric figure, and the visual-motor task asked children to draw
triangles and diamonds with three levels of perceptual support. Similar
to Townsend (1951), the scoring of the reproductions in the visual-motor
task was on a scale of five equally weighted dimensions, but more
realistically with these dimensions varying according to the nature of the
Stimulus to be copied (ie a triangle or a diamond). Given below are the

five scoring criteria for both stimuli;

triangles diamonds
relative size of parts relative size of parts
Spatial orientation (vertical) relative size of angles
Spatial orientation (horizontal) spatial orientation
angle formation angle formation

Straightness of lines straightness of lines
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Quantitative criteria were used to judge whether the reproduction was
acceptable or unacceptable on each of these dimensions. Like Townsend
(1951), Birch and Lefford (1967) found a rapid increase in an overall
Measure of copying ability between the ages of five and six years, and
also that the measures of angle formation and line straightness were the
Most reliable across figures and with increasing age. To summarize Birch
and Lefford's lengthy conclusions, with age came an ability to integrate
information from the different sensory systems and to organize actions
Competently. However, beween the ages of five and eight years only low
Positive correlations (approximately .2) were obtained between measures of
analysis/synthesis and drawing tasks when no perceptual support was
Provided. Levels of correlation between these tasks increased after the
age of six when perceptual support was given, with drawing that used
background grids more accurate than that where dots had been provided to
help the subject. No explanation was given for these contrasting results,
apart from the claim that the 'ancillary visual information' improved the

control of directed action.

Intersensory integration was hypothesised to consist of a combination
of Perceptually-based analysis and synthesis and motor skills, with each
Of these three components being themselves interrelated to differing
degrees. Greenberg (1972), noting the low correlation between analysis
and synthesis in Birch and Lefford's study, found an increased
interrelationship between these two factors when a modified, more
Perceptually-based synthesis task was employed. Further support for the
Notion of developing perceptual and motor integration came from Connolly
(1968), with his conclusion that ‘visual-kinaesthetic equivalence improves
With age', with this being 'probably as a result of neural maturation and

learningJ :



27

The pattern of results from the above studies can be said to show
that the ability to reproduce geometric figures by drawing is correlated
to a modest extent with more purely perceptual and motor skills, and that
this ability is more closely related to mental than chronological age.
Several studies have shown, however, that the ability to reproduce
geometric figures lags behind the ability to perceive differences between
figures. This developmental lag was noted and explained by Maccoby and
Bee (1965) in terms of the greater 'number of attributes' in the figure
that have to be noted before it can be successfully reproduced as opposed
to merely successfully discriminated. Strayer and Ames (1972) found that
for children aged between 4:10 and 5:5 years only discrimination training
that emphasised the orientation of component elements in the figure

Stimuli, and not discrimination training per se, led to increased copying

Performance.

Maccoby (1968) took a different approach to the testing of the
deVelopmental lag between perception and performance, claiming that one
Teason for the lack of success by young children in copying some fiqures
is that they draw 'holistically- to reproduce the figure with a single
Movement of the hand'. Interestingly, Graham et al (1960) did not find
Any support for a similar Gestalt-based claim of Werner (1948) that the
reproductions of younger children would be more 'primitive' than those of
Older children, namely that the copies would be more simple, closed and
Symmetrical. Nevertheless, Maccoby, reporting an experiment carried out
by Goodson, noted that gross directional discrimination training and
Practice at drawing a figure's component lines did improve overall
feproductive accuracy, although a tracking task did not. Abercrombie's
(1970) analysis of the developmental lag emphasises the fact that a
simPler, 'global' copy of a geometric figure reduces the information load

in the task to more manageable levels for the child, and also noted the



28

Persistence of the global response in brain injured children and adults.

Further analysis of the exact nature of the spatial abilities tested
by Copying tasks have also been carried out. Mitchelmore (1978) traced
the developmental stages passed through by children aged between seven and
fifteen years when making three-dimensional copies of solid figures,
Modifying the four stages given by Lowenfeld and Brittain (1966) for
Spontaneous representational tasks, which ranged in this latter study from

'
Preschematic' to 'realistic' representations.

More critically, Ninio (1979) questioned whether geometrically-based
tasks are appropriate for the testing of spatial representation at all.
Ninio claimed that Piaget and Inhelder's (1956) assertion that drawings
are symbolic representations of conceptualized spatial relations is not a
fair one, as any one drawing is contaminated by the problems encountered
in actually producing the drawing, including those of motor control. The
thesis avoids the question of the nature of the relationship between
Tepresentational systems or schemata and graphic output by concentrating
for the most part on non-representational, two-dimensional copies, with
any conclusions made about the nature of copying strategies in such tasks
Not being directly associated with, or developed into, a wider theory of

Cognitive development.

In summary, comparison between studies of copying ability is hindered
by the different methods used to judge accuracy of reproduction, and also
by the different means of assessing skills assumed to be related to that
of Copying. Perhaps the fullest, yet also conceptually one of the
Simplest studies solely concerned with the development of copying ability
is that of Graham et al (1960), which has already been mentioned above. A

Wide, but nonetheless arbitrary series of eighteen figure stimuli were
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employed, and eight scoring dimensions used to judge each copy in an
'aCCeptable/unacceptable' form. These eight dimensions included a measure
of form reproduction, the open or closedness, and correctness of line
Straightness or curvature in the figure, as well as judging the correct
relationship, size, number and intersection of parts, and finally a
Measure of adequate overall orientation. Graham et al found that even
with the very young two and a half to five year old subjects used in the
Study, accuracy of reproduction on each dimension increased with age and
as a function of the simplicity of the stimulus, the latter being defined
quite Simply by the number of lines present in the stimulus figure. The
finding of both an age and stimulus complexity factor in accuracy of
Copying was replicated by Beery (1968a) using older subjects aged between
Six and fourteen years and with stimuli that contained between four and
twenty four sides. The role of figure complexity and its measurement is

One central to the thesis and examined in detail in due course.

What is the ultimate practical relevance of the above studies? The
relationship between copying strategies and early writing instruction has
already been mentioned, but the above studies have also drawn attention to
the need for adequate discrimination between stimuli for the successful
ACquisition of both writing and reading skills. The classic study by
GibSOﬂ, Gibson, Pick and Osser (1962) analysed the improvement in visual
disCrimination skills between the age of four and eight years. Regardless
°f its theoretical implications, this study re-emphasized the importance
of control over the exact structural nature of figure stimuli, in this
Case of 'letter-like forms'. The presence in transformed versions of the
Stimuli as such structural features as closedness, curvature and lack of
sYmmetry all served to increase errors in a matching-to-sample
discrimination task. The study by Gibson et al raised two issues that are

of direct relevance to the thesis; structural considerations in designing



30

figure stimuli, and secondly the use of copying and discrimination
training in early handwriting instruction. It is research relevant to the

latter area that is examined first.
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Handwriting and Copying.

Although much of the educationally-based research on the development
°f handwriting skills is not relevant to the thesis and is not considered
here, some aspects of this research are appropriate to the study of
directional and sequential strategies in the reproduction of simple
figures, As Gibson et al (1962) have shown, the link between single

b
letters ang simple geometric forms is/go means tenuous, with geometric
forms having been used to test the effectiveness of different methods of
Perceptually or motor-based training, the ultimate aim of such programmes
being the improvement of early printing and writing skills. Besides
Considering a small number of review papers, this section also examines
handwriting research for three specific reasons; to judge the efficacy of
Copying practice on early printing, to examine the use of the teaching of
directional production sequences on letter formation (and in particular
those in terms of rules), and finally to draw attention to the
difficulties experienced by young children in printing certain

alphanumeric characters, and the methods used to assess these

difficulties.

Two broad reviews of handwriting research covering the period
SPanning the past twenty years are those of Askov, Otto and Askov (1970)
and Peck, Askov and Fairchild (1980). The latter, wider review covers
Such areas as the nature of the upper and lower-case letters most legibly
Written, the effectiveness of different instructional techniques, the
effects of speed, stress and body position on writing performance, and so
on, Although there was a developing interest in the 1960s in the nature
°f the learning process in handwriting, little important research was

Carrjeq out, claimed Furner (1969). As part of a rare collection of

Studies devoted specifically to handwriting skills, Herrick and Okada
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(1963) surveyed the methods and principles most commonly used in
handwriting instruction. Copying, in one of four forms, was found to be
the most widely used method. These four consisted of the copying of
Correct letter forms from stationary blackboard or book models, copying
from formational demonstrations by the teacher, from displayed alphabets
or 'forming letters in the air.' As well as copying, the four most other
Common methods in use were, in order, exercises and drills, tracing,
'thythm' and manual guidance. Although 95% of the teachers contacted in
this Survey said that they taught handwriting, in only 7% of cases was

Provision made for remedial programmes for those children with inadequate

Writing skills.

A greater number of papers review research on instructional
techniques for the teaching of handwriting as part of an experimental
Plece of research. Summarized simply, such papers examine the
differential usefulness of programmes which employ copying, tracing or
Perceptual discrimination techniques. Furner's (1969) now rather dated
T@view of the research into the perceptual and motor elements in
handWriting stressed the need for instruction which would 'promote
Perceptual development'. Sovic (1979) claimed that a 'dynamic',
Movement-hased approach was most effective in the development of writing
skills, This conclusion was in line with that of Wright and Wright
(1980), who found more accurate lower-case letter formation from a moving,

than static formational model for subjects aged approximately six years.

Several other studies have examined the use of instruction based on
the Copying of forms or letters against that of discrimination or tracing.
The Majority of such studies find copying, either by itself or in

Conjunction with other techniques, to be the most effective technique.

For €xample, Hirsch and Niedermeyer (1973) found copying to be more
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effective than a 'faded tracing' technique, the latter being a condition
which gradually reduced the level of perceptual prompt given. No
improvement in this study was found to be due}giscrimination training.
Askov and Greff (1975), using a slightly different faded tracing
tGChnique, also found the copying condition to be more effective in a
Study which gave unfamiliar shorthand characters as stimuli to the
children in the study. Hayes (1982) compared a control condition against
four further conditions, all of which employed copying practice to some
extent, Hayes found an interaction between subject age and practice
Condition, with six year olds who only received copying practice
rePrOducing the letter-like forms no more accurately than similarly aged
controls. For nine year olds, an increasing number of prompts, including
that of the verbalization of appropriate stroke sequences, led to greater

reproductive accuracy.

There has not been unanimous support regarding the efficacy of
€Opying practice over other forms of training. Williams (1975) found that
for Subjects aged between four and five and a half years, discrimination
training led to more accurate posttest scores on a copying task than did a
€opying or control condition, or a condition with both copying and
discrimination practice. Although copying practice improved copying
Performance above control levels, there was no transfer effect to novel

Stimuli in copying performance for this group.

Rand (1973) found that training which emphasised rules for geometric
figure construction led to superior performance on a drawing, but not a
discrimination task. These were not, however, the six rules of Goodnow
and Levine (1973), but involved the drawing and joining of dots at the
COorners of the stimuli. Further research which has examined the

instruction of sequential production sequences in aiding the copying of
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letters and geometric figures includes that of Jarman (1979). This is a
teacher's handbook for early printing instruction, grouping together
letters for teaching purposes as a function of the similarity of stroke
directions and starting points that can be applied to each. Jarman
considered structured letter printing practice essential, having claimed

in 1973 that;

'letting children write as they wish as long as the results are

legible is disastrous from a developmental point of view.'

This essentially contradicts the conclusion of Moxley (1975), who
althouqh outlined useful techniques which work toward more accurate letter
reproduction, was in favour of letting the child experiment with
Sequential strategies. More relevant to the thesis are the findings of
Kirk (1978, 1981) and Simner (1981). Both authors employed the six start
and progression rules of Goodnow and Levine (1973) as an instructional
Procedure to aid the formation of upper and lower case letters. Kirk (the
latter study being an abridged version of her 1978 thesis) used a
Pre/posttest paradigm to analyse both the qualitative (use of the six
Tules) and quantitative (accuracy) aspects of letter formation as a
function of rule-based instruction. Subjects were aged between 4:8 and
S5:9 Years and three instructional methods were used to teach the rules
(demonstration, verbal, both). Both quantitative and qualitative aspects
Of letter formation were found to increase as a whole over all three
instruction conditions above a control condition with no rule instruction.
The bPosttest use of both start and progression rules also was found to be
higher for 'simpler' letters. For such letters, increased rule use was
hypothesised as being due to 'the efficient execution of an articulated
Plan' ang although for more complex letters rule-based instruction

)
Permitted children to attend to coordinating the movement required to
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€Xecute the plan', it did not specify the precise nature of the plan

itself.

Simner (1981) examined further the difference between upper and lower
Case letters and numbers as to their theoretical suitability for
rule-based instruction. In this study, it was found that of the 170
right-handed subjects aged between 5:4 and 7:11 years, a single stroke
Pattern for each character was employed to a great extent in 50/61 of the
characters tested. These patterns were not, however, those that would
have been predicted from a direct application of Goodnow and Levine's
(1973) gix rules, with the Thread rule being singled out as more
appropriate to geometric figure copying than letter production. The
relationship between predicted and obtained stroke patterns for letters is

further examined in Study I.

Two studies which attempt to trace the sources of directional
behaviour displayed in graphic tasks are those of Bernbaum, Goodnow and
Lehman (1974) and Thomassen and Teulings (1979). Noting the general
consistency with which the Top Start and Thread rules were used across
¢opying, tracing and pointing tasks for three simple geometric figures,
Bernbaum et al concluded that such directional behaviour is not task
SPecific, with transfer possible between activities. The fact that
different levels of use occurred for the Left Start rule, the only other
Tule examined in this study, led the authors to question whether the
Ultimate sources of directional behaviour vary as a function of the
direction itself. Thomassen and Teulings, in the conclusion of their
Study which had noted the development of simple directionality in writing
and drawing tasks, hypothesised that a higher order motor system develops
for

'the precise and perhaps symbolic functions', which replaces with age

& Mmore primitive motor system specialising in rapid motor tasks.
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The final area of research to be examined in this section concerns
the methods used to measure accuracy in tasks examining the development of
Writing skill. Conclusions about the relative difficulty in producing
Certain upper and lower case letters ultimately rest upon the methods used
to assess reproductive accuracy. This issue is of importance not only for
the comparison of studies of writing and printing accuracy, but also in an
e@ducational context, where the assessment of writing skills may rely on
qualitative judgements by the teacher which tend to be unreliable, as
Felat (1962) showed. To be able to select the most sensitive, reliable
indicators of developing writing or copying accuracy from among the many

Chosen for this purpose to date would be a fillip for research in this

area,

Newland (1932) made an early attempt at error classification, and
Lewis ang Lewis (1965) gave eleven error types which related
differentially to the production of both a complete character and its
Component parts, although the same authors (1964), drawing conclusions
about the relative difficulty experienced by six year olds in reproducing
lower case letters with descenders fail to state the methods by which
reproductive accuracy was measured. As an example of the lack of
Comparigon possible between studies in this area, Coleman (1970), using
Subjects of approximately the same age as those of Lewis and Lewis (1964),
faileq to mention any of the four letters given by the latter study as
being among the most difficult to reproduce in their own study, and
Stennett, Smythe, Hardy and Wilson (1972) in turn agree with Coleman about
only one letter ('u') being in the most difficult four letters. Thus
these three studies mention eleven out of a maximum possible of twelve
different characters as being the most difficult for the five to six year
°ld to print. Williams (1975) used a scoring system to assess the

Teproduction of letter-like forms which gave equal weighting to both the
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Method of production and appearance of each figure, with a total combined
Maximum score of six per stimulus. This system gave only moderate
interjudge scoring correlations, ranging from .66 to .89, with William's
Scoring method also being used by Kirk (1978, 1981) who reported

i“terjUdge reliability measures of between .78 to .96.

Further criticism of the relative unreliability and lack of
°°mparability between methods of judging accuracy of letter reproduction
is tempered by the very real difficulties in determining the error
Categories for inclusion in an assessment method. Lehman (1973) developed
@ Mmethod to judge the physical distortion from a single letter model in
Purely quantitative terms by using a transparent overlay of the original
Stimulus which was marked with one millimetre grid lines against which an
enlarged version of the copy was judged. Although this method was
Successful in Lehman's study it is regarded as being impractical for the
Number of individual copies generated and analysed in the thesis. Each
Study reported therefore explains in detail the assessment methods used
and the reason for their selection, these having been formulated in the

Light of the criticisms given of the methods above.
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Stimulus Construction and Complexity.

A central concern of the thesis is how the structure of a stimulus
affects accuracy of reproduction and the use of drawing rules. The
Current section reviews the research literature which has examined in
detail the influence of stimulus structure on copying, although it does
Mot directly concern itself with the processes by such stimuli are encoded
in drawing or discrimination tasks, or with the role of stimulus

Orientation. Both of these areas are covered in due course.

Although the majority of the studies that follow have been concerned
With the influence of the structure of the stimulus in perceptual tasks
and using adult subjects (itself a factor thought by Garner in 1970 to have
been underemphasised), the studies of Beery (1968a) and Graham et al
(1960) have examined directly the influence of stimulus complexity on the
®OPYing accuracy of geometric figures by children. Graham et al stated
that for the eighteen forms used in this study, the simplest way of rating
figural complexity was as a direct function of the number of parts present
in the figure as a whole, and concluded that for the two and a half to

five year ol1ds in the study;

'the stimulus is probably as significant a variable in determining the

reproduction as is age.'

Graham et al (1960) defined a 'part' in this study as a
.discontinuity or direction change' in the fiqure, but stated that the
level of sharpness of line turn could be an influential factor. The
Mumber of line turns in a filled figure had been found to increase
c°mplexity for adult subjects in perceptual tasks by Attneave and Arnoult

(1956) and Attneave (1957), and was implicated in Attneave's 'information
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theory' model. a figure with fewer or less sharp turns increased the
redundancy of information in the figure and led it to be rated as more
Simple, Beery (1968a) found that for subjects aged between the ages of
Six and fourteen, the number of sides in a figure (below eight) was a good

bredictor of how well the figure would be drawn.

A theoretical analysis of the measurement of figural complexity is a
Complicated issue, detailed discussion of which is seen as out of place in
the thesis, More important for present purposes is to accept one method
of assessing stimulus complexity (the number of component parts or lines
being that chosen), and to examine the different ways in which stimuli
Fated differentially on this dimension are reproduced. The issue
therefore becomes a relative one, and facilitates the answering of such
duestions as to the nature of use of copying rules for figures of varying
COmplexity, and whether there is a more efficient method of analysing
Copying strategies for more complex figures, perhaps in terms of the

ordering of larger segments or parts within figures.

The importance attatched to the properties of the complete stimulus
B display has been emphasised by the Gestalt theorists since the 1930s.
The Gestalt approach, as summarized by Hochberg (1974), sees the complete
Stimulus ag having properties beyond those of the sum of its component
elementS, with 'laws of organization' governing the interrelationship of
®lementg that influence the 'goodness' of the figure as a whole. Such
laws include good continuation between and proximity of component parts,
with Symmetricality and enclosure of the figure as a whole aiding
Perceptual processes. Unfortunately, early Gestalt theorizing remained
unsupported in the main by data gathered in rigorously controlled
®Xperiments, relying on demonstrations of Gestalt effects on perceptual

proceSses, and was further weakened by claims such as the 'isomorphism'
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(or identical topological organization) between perceptual and cortical
Organization. Nevertheless, the Gestalt tradition is an important one,
with research has been carried out within the last twenty years to examine
More closely the influence of such factors as symmetry and enclosure on

Perceptual displays.

Both Boswell (1976) and Deregowski (1971) have drawn attention to the
role of figural symmetry using child subjects. Boswell found that for a
task which involved reproducing a display by drawing dots in a square
9rid, stimulus symmetry in both horizontal and vertical axes led to more
efficient reproduction. Vertical symmetry aided copies to a greater
eXtent than horizontal symmetry, but with no six dot asymmetrical display
éver being copied by correctly by any child across the age range (from 5:9
to 9:9 years). Deregowski, using a similar grid reproduction technique
for Subjects aged between seven and ten years found, unlike Boswell, that
Mo age effect existed in overall reproductive accuracy, but that patterns
With vertical symmetry were easier than patterns which had been vertically
Tepeated, No difference between these two conditions was found to exist

for horizontally structured displays.

Fehrer (1935), in an early study on the role of stimulus symmetry in
the Perceptual processes of adult subjects, found that symmetrical figures
Were easier to learn than asymmetrical ones. Palmer and Hemenway (1978)
further noted that for adult subjects the reaction times for the detection
a“ Closed patterns with vertical symmetry was faster than that for
Patterng with horizontal symmetry, in turn quicker than for patterns with
left or right diagonal symmetry. After noting the results of a task which
Varieq the number and axes of symmetry in a similar display, Palmer and
Hemenway concluded that a two-stage process operated for the perception of

bilateral symmetry, with rapid, simultaneous analysis of symmetry that is
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bilassed toward the horizontal and vertical orientations being followed by
the more detailed evaluation of the stimulus about the selected axis of
Symmetry, with the time taked to complete this latter process a function
Of the structural complexity of the whole figure. Rock and Leaman (1963)
also demonstrated the increased perceptual salience of symmetry about the
Vertical axis, showing that the phenomenal rather than retinal axis of
Symmetry was more more important in determining perceived orientation.
Rock ang Leaman claimed that the facilitated perception of vertical over
horizontal symmetry is not adequately accounted for by the isomorphic
aSpects of Gestalt theory. The authors argued that an increased
Sensitivity to vertically symmetrical displays develops with age, this

Process being less strong for horizontal symmetry, and asserted that;

"there is nothing intrinsically 'left' or 'right' in external objects

the way there is top or bottom.'

The above studies show quite specifically the advantages of the
Presence of vertical over horizontal symmetry in the perceptual display as
. Whole, aiding the goodness of the figure or pattern in question.

F“rther studies that have examined stimulus goodness in perceptual tasks
Include Hochberg and McAlister (1953), Garner and Clement (1963),
POmerantz (1977) and Handel and Garner (1966). Casperson (1950) found,
howeVer, that stimuli derived according to the Gestalt conception of
'simplicity' were discriminated no more accurately than less simple
figurES- Hochberg and McAlister defined the goodness of a pattern in
termg of an inverse function of the amount of information needed to define
it, Providing in this paper support for an information theory approach to
the rating of figural goodness. Garner and Clement (1963) criticised the

Usefulness of such an approach in defining figure goodness, claiming that

redundancy is a property of sets of patterns, not of individual patterns
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themselves. This study took a different approach to the problem of
goodness definition, claiming that any single pattern can logically be
assumed to be part of a larger set of equivalent patterns. The larger
this set, the less good the pattern was found to be. Symmetry was

found to be central in defining pattern goodness. Handel and Garner
(1966) again found evidence of smaller inferred equivalent sets for good
Patterns, stating that such structures tend to be 'unique'. As regards
the effects of the goodness of the pattern as a whole on specific
Components of an information processing task, Pomerantz (1977) concluded
that goodness benefitted the memory, but not the encoding elements in a

discrimination task.

The role of good parts within figures, rather than the level of
900dness of the stimulus figure as a whole, is of greater concern to the
thesis, Garner (1978) emphasised that 'component' and 'wholistic'
Properties coexist within the same stimulus, and proceded to outline
functional and theoretical differences between these two types of property
Within perceptually-based tasks of different kinds. fiqure. Vitz and
Todq (1971) developed a model for the perception of single figures which
Yas based on a hierarchy of component elements. The perceptual process
Was stated in this study to be a sequential one (as it was in that of
P°merantz, Sager and Stoever (1977)), with the analysis of parts followed
by the integration of parts into a complete figure. In the supporting
Studieg included in Vitz and Todd's paper, the judged complexity of simple
Jgeometric figures that contained symmetry correlated very highly (.98)
With the complexity calculated using the principles contained in their
Model, as aiq more complex, asymmetrical figures, but at a slightly lower

96 level,
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The single most relevant study for the thesis on the relationship
between component parts and the complete stimulus is that of Palmer
(1977), the theoretical basis for this study being given in Palmer (1980).
The former paper developed and tested a hierarchical model for the coding
in a number of perceptual tasks of a series of stimuli constructed on
fegular principles using a figure generation framework. Palmer's model
Yas based on the presence of good parts in a figure aiding the perception
Of the figure as a whole, with good parts being more easily recognised and
Manipulateq than less good parts. Palmer's 'hierarchical network theory'
dave such features as the proximity, continuity and connectedness of
COMponent elements, as well as similarity in line length an orientation
increasing the goodness value of parts. Palmer found support for his
Model from four kinds of task; the separation ('parsing') of figures into
two Mutually exclusive parts, the subjective and calculated goodness
fatings of parts within figures, the speeded search for parts within
figures ('part verification'), and a part construction task ('synthesis').
Further research by Palmer and his co-workers has assessed the role of
levelg and different axes of symmetry in aiding the perception of figures
(Palmer and Hemenway, 1978), and the effects of both internal (Palmer and
Bucher, 1982) and external (Palmer, 1980) information on the perceived

Pointing of equilateral triangles.

One fundamental aspect of Palmer's work was the use of a consistent
frameWOIk from which to generate and quantitatively rate stimuli on each
°f the goodness dimensions. The framework used, though simple, presented
Other advantages. Parts could be derived with precise control over their
StruCtural features, and the goodness value of any one part within a
Variety of figural contexts could be calculated. Study II in the thesis
takes the structural dimensions stated by Palmer (1977) to be those most

infl“ential in determining the goodness value of parts, and uses these to
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derive stimuli from which to test for the facilitated manipulation of
figures with good parts in drawing rather than perceptual tasks. The
framework, in its original or a modified form, is also used in Studies ITI

and 1V in the thesis.
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The Encoding of Geometric Figures

The previous two sections have emphasised the importance of
Structural features present within the stimulus as a controlling factor in
reproduction or perceptual tasks. The current section examines research
On the processes controlling the encoding recognition or reproduction of

figures, with specific attention being paid to verbal aspects of these

Processes.,

The majority of research in this area has used immediate or delayed
Tecognition tasks. Few studies have examined the encoding methods
eMployed by children in reproduction tasks. The most common procedure has
involveq interference tasks, performed in the time between the initial
Perception and the recognition/reproduction of the stimulus. This
Methodology rests on the assumption that an irrelevant task carried out in
the same modality as that in which the encoding is thought to take place
(for eéxample visual, verbal, structural) will disrupt performance in the

Main tagk more than irrelevant tasks in other modalities.

Reed (1973) reviewed the role of verbal descriptions in pattern
Perception., The studies included in this chapter used a variety of
eXperimental methods, including correlations between verbal descriptions
and recall performance, and the differential disruptions caused by visual

and verbal interference tasks. Reed concluded that;

'visual codes are used primarily in recognition, and verbal codes

are used primarily in recall'.
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Were this conclusion to be transferred directly to the reproduction
of geometric figures, one would expect greater interference to be caused

by verbal, rather than visual interference tasks.

The influence of verbal processes in pattern recognition has been
further supported by the findings of Cohen (1966) with adults, where
'distorting' verbal labels given concurrently with simple figures led to a
deterioration in both the reproduction and recognition of such figures.
This Study did not, however, hypothesise as to at what stage in the task
4S8 a whole interference took place. Glanzer and Clark (1964) developed
the 'verbal-loop hypothesis', which stated that the recall of figures
®mploys appropriate verbal descriptions of such figures, and found a
Correlation of .865 between the judged complexity of a figure and the
fumber of words needed to describe it. 1In a series of studies, Cohen and
Granstrom found support for the verbal-loop hypothesis (1968a), and noted
the influence of verbal processes at the encoding stage of a reproductive
Memory tagk (1968b), later to claim, though, that a visual store is used
to some extent in such a task (1970). 1In this latter study, however, the
authors felt that an explanation in terms of the encoding of figures being
primarily visual, and the decoding or reproduction mainly verbal was
'intUitively' wrong, claiming that 'good verbalizers have better encoding
(i“PUt) which facilitates their recall performance.' This explanation does
H0L really solve the problem of the nature of visual or verbal processes
in encoding or reproduction, but merely changes the emphasis to that of
What 'good' verbalization consists of, and to what extent it may improve
Fecall or reproduction performance. Less research has been carried out in
thisg Specific area, although there has been general debate about the
validity of using a subject's own descriptions or verbalizations about

Internay processes as experimental data, as described in due course.
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Hayes (1982) attempted to isolate the effects of verbalization and
Visual and verbal practice on a letter-like form reproduction task using
children aged between six and nine years, and found that increasing the
Number of perceptual prompts led to improved performance, with those
Subjects in both age groups who verbalized the formational stroke sequence
for the figure's reproduction copying most accurately. When adults were
asked to engage in a sequential problem solving exercise, Gagné and Smith
(1962) concluded that verbalization 'facilitates ... the discovery of
gdeéneral principles' for the solution of the problem. 1Is it likely
therefore that appropriate verbalization would aid the memory-based

reproduction of geometric figures?

The question of whether verbal data taken from the subject should be
employed as a valid experimental technique has been considered by Nisbett
and Wilson (1977) and Ericsson and Simon (1980). Although the thesis does
Mot employ verbal data as a direct explanation of cognitive processes, the
debate between these two sets of authors is nonetheless a relevant one, as
SOme consideration is given to adults' verbal description of figure
Stimuli in Study IV. Nisbett and Wilson considered that for explanatory
Purposes, introspective reports by subjects are unreliable, and may
Teflect motivational rather than causal aspects of performance. Ericsson
And Simon were more enthusiastic however, claiming that if certain
Safeguards about the gathering of such data were followed, the use of

Verbal reports may be a suitable technique for investigating cognitive

Procesgges,

As for the reproduction and recognition of geometric figures, several
Studies have claimed that an explanation solely in terms of visual or
Verbal coding is inadequate. Rock, Halper and Clayton (1972) hypothesised

that the analysis of the stimulus in a visual recognition task was in
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terms of a 'geometrical description' which did not involve verbal
Processes. Palmer (1977), in the study described at length in the
Previous section, described the processes of representation of stimuli as
'hierarchical networks of nonverbal propositions', and although Reed
(1974) and Reed and Johnsen (1975) employed the term 'structural
deScriptions' to explain the storage of patterns in memory, the former of
these two studies concluded that 'the description is stored as a complex

interaction of visual and verbal memory codes'.

There thus seems to be conflicting evidence about the extent of
influence of verbal processes in what would intuitively seem to be the
Primarily visual task of reroducing figure stimuli by drawing, although it
shoulqd be noted that much of the evidence is drawn from recognition or
disCrimination, rather than reproduction tasks. If verbal processes are
imPlicated, two further questions need to be asked; are verbal processes
Ceéntral to a reproduction task, and if so, by what means can reproductive
Figure memory be improved by the use of appropriate verbalization?
AlthOugh these questions may seem distant to the other areas of copying
Strategies covered in the thesis, Study IV attempts to examine whether the
Methods used by adults in a reproductive figure task with a memory
fOmponent can be separated out into distinct verbal and visual categories,

and the way in which such a task affects the drawing strategies employed.
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Stimulus Orientation and Accuracy of Reproduction.

This final section of the literature appraisal stands apart from the
apparently similar area of 'Stimulus Construction and Complexity' due to
the considerable amount of research carried out specifically into the
effects of different orientations of the accuracy of reproduction of
Complete figures, single lines, and single lines drawn from baselines.
Past research in this area can be separated out into three broadly
dichotomous fields; studies that have employed discrimination, as opposed
to drawing, copying or line positioning tasks, those that look at the
Orientation of complete figures rather than single lines, and those that
have adult rather than child subjects. The research areas of greatest
interest to the thesis are those concentrating on the specific biasses and
effects found to exist when children draw single vertical, horizontal and
oblique lines from a model, whether or not a baseline has been presented

to aid the subject.

The single most important finding that could be said to unite a large
Proportion of the studies in this area, regardless of their methodological
apprOaChes, is the relative difficulty experienced in discriminating or
drawihg lines or figqures in an oblique orientation. Appelle (1972)
Teviews the supporting evidence from a variety of behavioural and
neurOlOgical studies in adults, children and an assortment of animals.
Appelle'g conclusion was that this 'oblique effect' has a central origin
in Man, established at or above the level of the visual pathways. No
®Xplanation is offered, however, of the differences in strength of the

obliQUe effect due to the attentional of memory components of the task

itselr,
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A number of studies have been carried out which examine the
importance of the immediate visual framework surrounding the stimulus, and
offer explanations of the way this framework is used differentially as a
function of subject age. Naeli and Harris (1976) found that the advantage
Shown by young children in the more accurate copying of square over
diamond--shaped figures disappeared when the square was placed within a
Non-matching, diamond-shaped framework. The authors concluded that
framework cues are used if and when present by young children (for example
in the positioning or copying of figures within the more common
Yectangular backgrounds), but when these cues are removed a tendency to
drift toward the horizontal and vertical orientations remained, as was

Shown by the positioning errors of the diamond within a square background.

Bryant (1969), in a series of four single line discrimination studies
argued that the perceptual disadvantage demonstrated by oblique
Orientations could be explained by the adoption of the young child of a
'match-mismatch' coding principle which took into account the relationship
°f a line to its immediate background. The high level of accuracy for all
line orientations in simultaneous discrimination tasks could be explained
by the straightforward paralleling of the target to the standard line, but
for Successive discriminations only mismatch, and no matching cues existed
for an oblique line in relation to the background, leading to a
deterioration in discrimination performance. By the approximate age of
Seven successive oblique line discrimination becomes more accurate,
ACcounteqd for by Bryant in terms of the developing use of absolute coding

for Oblique lines after a mismatch signal.

An earlier study that had noted the problems experienced when young

children attempt to discriminate between pairs of oblique lines was that

°f Rudel and Teuber (1963), this study using as its theoretical base the
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animal studies that were to be later reviewed by Appelle (1972). The
confusion found in the former study of the direction of pointing of a
Single oblique line when presented as one of a pair is a topic to which
further research has been directed. Jeffrey (1966) replicated Rudel and
Teuber's findings of oblique line discrimination difficulties, but found
that training which emphasised the direction of pointing of each oblique
line aided discrimination. Olson (1970) examined a number of factors
influencing the acquisition of diagonality, including the development of
Motor, perceptual and linguistic skills. Olson combined these elements to
derive effective instructional procedures to aid accurate oblique

diScrimination.

The question of the role of mirror-image orientation of stimuli in
disCrimination tasks is not directly examined in the thesis, but worthy of
brief consideration here as an adjunct to the studies of angular
feproduction and discrimination. Huttenlocher (1967) concluded that
diSCrimination between two visual elements presented simultaneously in a
mirrOr-image form was difficult for the children aged approximately five
Years in this study, and that problems in discriminating accurately not
only occured for left-right mirror-image discriminations, as Rudel and
Teuber (1963) had shown, but also for up-down discriminations. Sekuler
and Rosenblith (1964) found that the type of discrimination errors
Committed depended on whether stimuli were presented in a horizontally or
Vertically aligned fashion, with the former arrangement increasing
vVertical mirror-image errors. Bryant (1974), reviewing and comparing his
°Wn results to those of Huttenlocher, offered an explanation of oblique
line discrimination difficulties not dependent on whether the display is
in a mirror-image form, but whether each pair of lines give the
match-mismatch cues relied upon by young children in simple perceptual

dlsCriminations.
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More recent research has examined further the different aspects of
Children's discrimination difficulties with pairs of oblique lines, with
Fisher and Heincke (1982), for example, noting the importance of both the
degree of slope and the left-right direction of the oblique. 1In a series
of delayed discrimination tasks, Williamson and McKenzie (1979) again
foundq poor performance with oblique line discrimination, but regardless of
the left/right orientation, degree of slope or mirror-image presentation
of the pairs of oblique lines. No supportive evidence was found in this
Study for Bryant's match-mismatch hypothesis. Fisher (1979) noted the
importance of immediate framework cues when these are present, but claimed
that the four year olds in her sample were capable of successful
Mirror-image oblique discrimination in a 'context-free' condition. Scher
and Unruh (1983) have found that older children (aged 10+ years) and
adults continue to rely on the immediate perceptual framework in a delayed

Single-line discrimination task.

More relevant to the thesis have been studies which have examined the
USe of immediate visual frameworks and baselines on accuracy of single
line reproduction rather than discrimination. Brittain (1976) found that
for children aged between three and five years the less accurate
Yeproductions of triangles in comparison with circles was diminished when
botn figures were copied within pieces of paper of an identical shape to
the stimulus itself. Similarly, in the first of Naeli and Harris' (1976)
st“dies, the more difficult diamond was copied more accurately than a
Square by five year olds when both were reproduced within diamond-shaped
frameworks. Simpler stimuli have been used in studies which have examined
More closely the methods by which framework cues come to be employed in
draw1ng tasks, with further clear-cut findings of oblique line
difficulties. By merely asking children aged between 3:4 and 4:3 years to

drawn from memory single vertical, horizontal and oblique lines, Berman
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(1976) found mean angle errors to be greater for the oblique than for the

horizontal or vertical (36.5°, 16.7° and 20.3° respectively).

Ibbotson and Bryant (1976) discovered that the tendency to
Perpendicularize oblique lines when drawn from baselines (Piaget and
Inhelder, 1956) was stable across both abstract and meaningful material
and using either a line positioning of copying task. This 'perpendicular
€rror' was reduced when the baseline from which the oblique was copied was
Vertical rather than horizontal or oblique (the 'vertical effect').
Freeman (1980) reviewed extensively the studies of differential copying
aCcuracy as a function of target line and baseline orientation, and
Quoting Bayrakter (1979), concluded that the perpendicular bias was not
Susceptible to the introduction of cues which paralleled the immediate

framework. Freeman's view can be summarized as follows;

'Can there be any further doubt that the major focus of interest is
the baseline, that verticality is privileged, and that the

perpendicular bias really does disturb relational coding?'

Bremner and Taylor (1982) replicated and extended Ibbotson and
Bryant'g (1976) design by incorporating target lines to be drawn from
dog‘leg as well as straight lines in different orientations. It was found
in thig study that children tended to bisect angles from dog-leg
baSelines, even when the original stimulus arrangement presented the
target line as perpendicular to the baseline. This distortion was dnly
Present’ however, when the baseline as a whole was in an oblique
®rientation. Bremner and Taylor offered two explanations of this finding;
®ither the reproductions of the figures were distorted 'locally' by angle

biseCtion, or more generally by a tendency to make the complete figure

More Symmetrical. Bremner (1982), in a further similar study, has
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Cconcluded that perpendicular and bisection effects interact as a function
Oof where on the baseline (at the end or in the middle) the target oblique

is positioned.

The overall conclusions to be drawn in this area are complex ones,
With the accurate reproduction of single lines a function both of target
and baseline orientation, and the extent to which these parallel the
immediate visual framework. Differences in the construction and
Positioning of target lines in even simple displays have been shown to
influence copying or line placement accuracy. The thesis, in Study V,
€Xamines directly a hypothesis derived from Bremner and Taylor's study,
but employs a consistent stimulus design (a right-angled triangle) to this
effect. as well as being included in the research of Palmer (1980) and
Palmer and Bucher (1982), simple triangular stimuli had previously been
Used in a similar experimental framework by Attneave (1968). An early
Piece of research by Hanfmann (1933) on copying accuracy in children also
USed triangles as stimuli, with interesting error categorization that
inclugeq making note of third-angle difficulties. 1In short, right-angled
triangles provide the opportunity for the subject to draw each of the
three single simple line orientations within a familiar geometric figure,
and also permitting each line orientation to be presented as a baseline

from which errors in angle reproduction can be judged.
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Summary

The main areas of interest in the thesis are those separated into the
different groups of studies above. The overriding concern is to trace the
deVelOping use of strategies for the copying of simple geometric stimuli,
but behing this aim lie considerations of the influence of structural
differences within and between stimuli (including the role of figural
Complexity and the presence or absence of 'good parts'). Furthermore, a
full analysis of copying strategies cannot be completed without an
analysis of errors of production. For the younger child such errors will
OCcur for simple stimuli, but for the older child or adult errors may not
Solely be a function of the difficulty of the stimulus, but also the
Methods by which attempts to reproduce the figure, or to memorize it in

the case of a delayed recall task.

For the child approaching or recently having arrived at school age,
the relationship between copying practice obtained with geometric figures
and early letter printing experience is by no means tenuous, as has been
Shown above by the studies using letter-like figures to examine the
€hild's discriminative or perceptual-motor abilities. The final aspect of
Fesearch carried out in the thesis attempts to combine the areas of
Strategy and error, and examines further the well supported findings of
ANgular and orientation biasses made by children in a variety of
discrimination or reproduction tasks, including an analysis of whether the
direCtion of drawing single lines to or from baselines in different

OFientations affects accuracy of response.

To conclude, the main questions that are asked in the thesis are as

fOllOws;
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To what extent do Goodnow and Levine's (1973) copying rules apply to more

Complex figures?

How is figural complexity to be measured?

How ig copying accuracy to be measured, and what factors influence

aCcuracy of reproduction?

Do CoOpying strategies interact with the learning of handwriting?

How are figures encoded in a delayed reproduction task?
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EXPERIMENTAL DESIGN

Irrespective of differences in methodology between the six studies
reported in the thesis, each study employs a uniform approach to the
Presentation of copying stimuli and to the measurement of strategy and
accuracy. These uniformities in experimental design are outlined in this

short gection.
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Stimuli

Each of the stimulus figures was xeroxed singly onto a piece of
hOrizontally presented white A5 paper (14.7 by 21 cm). With the exception
of Study VvV, lines comprising each stimulus were coloured black. The
figure (of approximate size 5 by 5cm) was positioned centrally on the
left-hand side of each piece of A5, with the right-hand side left blank
for the reproduction. The complete set of stimulus pages was ring-bound
On the left to form a booklet for each subject. Between each booklet page
Was placed a piece of similarly sized plain coloured paper to prevent the
Subject viewing through to following figures. An example of a booklet

Page is given in Figure 3.

23535573; The Layout of a Stimulus Page.

Exceptions to this method of presentation occurred in two studies.
In Study I, the subjects were asked to copy letter stimuli directly below
the Model, the letters having been drawn on a line that extended across
the Upper half of the piece of A5. Four upper or lower case letters were
9iven on each page, with assessment of copying accuracy including a
Measure of drawing relative to this line. In Study IV the adults viewed
the Centrally positioned figure on one page, turned to the following page
for the duration of the interpolated task, and then onto a fresh page to

“eproduce the original figure. Other studies which included a delayed



Copying condition were carried out by the viewing of the stimulus being
followed by the experimenter covering this figure with a piece of card

until the copy had been completed.

59
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Subjects

The children who served as subjects in each of the studies were taken
from one of four Primary Schools close to the University of Keele.
Experimental designs that compared subject groups of differing mean ages
had these groups taken as far as possible from separate classes. This
Method reduced the possibility of subject groups having overlapping ages,
and ensured that children taken from each class would have had
aPproximately the same amount of school experience. In all cases adult

Subjects were volunteer undergraduates from the University of Keele.

Only right-handed subjects were employed in the thesis, the study of
handedness and copying strategy being outside the range of study.
Individual differences in the direction of drawing component lines in
Simple figures may be related to handedness, as a number of studies
Teviewed in the Literature Appraisal have shown. Similarly, the scope of
the thesis excludes any examination of sex differences in drawing strategy
angd accuracy. Although differences in patterns of development between the
SeXes have been extensively studied elsewhere, they have not been
®Mphasised in previous studies of copying and drawing strategies. This
factor ig taken into account in the thesis to the extent that studies that
USe groups of subjects have approximately equal numbers of males and
females in each group. Thus the issue of sex of subject is controlled for

father than analysed.
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Data Collection

This was achieved by one of two methods in each of the six studies;
@ither the order and direction of each component line that comprised a
Teproduction was noted immediately by the experimenter on a scoresheet, or
€ach Copy was video recorded for later analysis. For reproductions of
More complex stimuli video analysis was advantageous, as each copy could
be viewed repeatedly. This also allowed detailed timing information to be
éXtracted. Video cameras were placed directly above and in front of the
Subject, and after initial piloting of this procedure it was concluded
that the presence of the camera did not interfere with the subject's

Performance.

The simpler direct method of transcribing stroke direction and order
Was more rapid, but required vigilance on the part of the experimenter and
a clear viewing position to ensure that every stroke was noted. The
SCoresheets on which individual copying strategies were noted also carried
detailg of the subject's name, age, sex, subject number, experimental
fondition and so on. Experimental testing with children took place within
®ach School, and in a quiet well-lit room away from normal classroom
ACtivity. Tables and chairs of a height that the child would be familiar
With were used. Adult subjects were tested in small laboratory rooms in
the Department of Psychology. Testing of all subjects in each study was

farried out on an individual basis.
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Data Analysis

This varied as a function of the hypotheses tested in each study, but
Similarities in analytic approach are present throughout the thesis.
Initial analysis concentrated on quantifying the component elements of
€ach copy in numerical terms prior to statistical analysis. Thus copies
Were examined with regard to whether a certain drawing rule had been
employed or an error committed. This early analysis of formation and
appearance occurred at different levels in the studies, with strategy analysis
fanging from the noting of individual line direction to whether complete
Parts had been included in each copy. The level of accuracy measurement
also differed, varying from the noting of errors of individual angle
construction to global errors in the figure as a whole. Each study that

includeg an analysis of copying accuracy explains in greater detail the

Methods used.

Where a within-subjects design was not possible, matched groups of
Subjects of similar sizes were employed, and data was collected in a form
that permitted the most powerful statistical tests possible (for example
ANOVAs, t-tests) to be carried out. Later more detailed experimental
Analyses in the thesis often employ sub-samples of the original set of

data whicn infringe the assumptions that allow parametric analyses to be

Made,

The statistical tests were applied as recommended by Winer (1970),

Sie991 (1956), Ferguson (1976), Miller (1975) and Robson (1973).



Statistical Abbreviations

In both the tables of results in individual studies and in the
Appendix abbreviations are used to denote statistical tests and levels of

Significance associated with these tests.

beloyw.

Each table or figure in the text or Appendix has two elements in

its title that locate it within the thesis as a whole.

I to vV refer to the study number, and the characters a to z to the order

Of the table or figure in each study.

Levels of significance

* ok ok ok
* %k

* %

NeSe

daf

tatistical Tests

P < .001

P < .01

P < .025

P < .05

not significant

degrees of freedom

Cochran's Q

F ratio (from ANOVA)
t test

Friedman's test

Chi Square
Spearman's rho

Wilcoxon test

These abbreviations are given

The Roman numerals
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Introduction

This study is a preliminary one, covering some of the groundwork
e€xamined in more detail in later studies. A series of basic questions are
asked about the nature of drawing rule use across a number of differing
figure stimuli, and whether rules can adequately describe the methods by
which two six year old children print the upper and lower case alphabet

OvVer the period of one year.

This study takes as its starting point the finding of Goodnow and
Levine (1973) that the use of four out of six drawing rules increases with
With subject age in the copying of a selection of simple geometric
figures, The Literature Appraisal examines this study in some detail. As
Figure 2 has shown, with the exception of the Vertical Start and Thread
Tules Strategies for production become more consistently used between the
49es of four and seven years. According to the authors, increasing rule
USe reflected a growing regularity in approach to the copying task that is
Manifested in other areas of the child's development, for example

language .

Nevertheless, a number of questions from the 1973 study remain
Unansyered. Although a description of copying behaviour in terms of rules
has been shown to be sensitive to differences in subject age, how is the
changing use of rules reflected on an individual basis? For example, is
the Top Start rule suddenly applied to a greater number of stimuli with
increaSing age, or does its use change more slowly over a period of time?
Furthermore, if levels of rule use do change dramatically, are these
changes associated with alterations in other patterns of graphic

behaViOur? Perhaps more importantly for an individualistic study of

d ;
rawing rules, the present study examines whether any one rule is
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Consistently applied to a single stimulus over a period of time. If
Overall levels of rule use were found to be high across different stimuli,
but that there was only a moderate level of consistency within copies of
individual figures, then the use of drawing rules could be claimed to be a
useful general method of approaching the copying task, and not one that is
confined to individual stimuli. Conversely, should a high level of
Within-stimulus consistency exist concurrent with lower levels of overall
USe of any one rule or rules, then conclusions about the appropriacy of a
Fule-bagsed approach would need to be more guarded and to take into account

both the rule ana the stimulus in question.

The issue of consistency of rule use is also examined in this study
in relation to stimulus complexity. Both the overall levels and
Consistency of rule use are tested in this study for more complex stimuli
than thoge employed by Goodnow and Levine (1973). The complex figures in
this Study (see Figure Id following) on average include a greater number
of Component lines and segments than the simpler, original stimuli that

are algg included.

Individual copying consistency is examined in a number of ways in
this Study for both figure and letter stimuli. Not only are overall
levels of rule use examined between the different test sessions, but a
Measure of the consistency of the application of rules to similar
Jeometric figures is taken both within and between each session. Both
Simple and complex figures are presented twice, but with different
Stimulug types being copied before each repeat presentation. Consistency
24 Tule use for letters is only examined between sessions as only one copy
°f each letter stimulus was made at each test session. The

between'E.tass:i.on measure of consistency tests whether each of the six

drawing rules was employed for identical stimuli in consecutive test
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Sessions. The statistical analysis here examines whether there is a
change in the percentage levels of whether rules were or were not used
between Sessions 1 to 2, 2 to 3 and 3 to 4. The within-session measure
Notes whether for first and repeat copies of stimuli figure a similar set
of rules was employed, and is confined to the figure stimuli which were
Presented twice at each test session. The latter method also includes a
brief analysis of whether an identical copying strategy (not just the use

of similar rules) was used for within-session figure copies.

Two principles are in operation behind the selection of the two
Subjects used in the study. As Figure 2 (Page 9) shows, although there is
3 general increase in the use of the majority of the drawing rules with
age, the single period in which the changing use of rules is most dramatic
(in Particular for Progression rules) occurs after the approximate age of
Six years. From this point use of the Thread rule drops dramatically, but
both the L-R and T-B rules increase levels of use in step. Change in

Start rule use is more gradual across the age range tested.

Formal writing instruction is often commenced in the Primary or First
SChool at about this age. Up to the age of six practice with writing
skillg is often limited to the recognition and generally spontaneous
Copies of individual letters and simple words in a number of media that
nay include, for example, letters traced in sand or made from felt shapes.
children therefore become familiarized from an early age with both the
physical nature of alphabetic characters and ways of forming them. During
the Year in which the experimental testing takes place in Study I the two
subjeCtS received their first formal writing instruction. This took the
form of regular weekly instruction on the formation of letters, and

Practice both with the letters themselves and the strokes that are central

t
0 9roups of letters. No details are given of the precise formational
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bPaths employed by the teacher, as it would have been a near-impossible
task to ensure that no other formational paths were used by her or
Practised spontaneously by the two children over the period of one year.
Although this study differs in its methodology from that of Kirk (1978,
1981), which examined the levels of usage of drawing rules for letters
before ang after a short instructional programme, this study's basic
hYPOthesis is a similar one. This states that the formal writing
instruction received by the children will influence the use of rules for

Copies of both letter and figure stimuli.

The final issue examined in Study I concerns the accuracy with which
the Complete range of figure and letter stimuli are reproduced. With the
Changes in rule use that are expected to occur between the age of six and
Seven years there is also hypothesised to be a reduction in the number of
errors committed when copying each stimulus. To assess this the study
emploYs an error checklist against which each copy is tested. This
Checkligt draws upon and expands that of Lewis and Lewis (1965), a study
that ordered the reproductions of alphabetic characters according to the

Mean number of errors made in each reproducton.

The expansion of the checklist was necessary to cover the full range
o% errors that could be committed on either figure or letter stimuli.
Tables Ia and Ib in the Appendix give Lewis and Lewis' (1965) checklist
aNd the modified version used in this study. The comments given with the
Present version are designed as aids in quantifying where a flaw in a copy
Yas serjous enough to be designated an error. This feature is not present
in the original checklist. The expanded list was designed after a small
Sample of letter and figure copies from children in a nearby Infant

sch°°1: and attempts to cover as fully as possible every conceivable

cﬁtegOry of copying error. The development of the checklist was further
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aideq by attempting to reconstruct copies of stimuli solely by the errors
that were known to have been committed. No weighting is given to the
different elements in the checklist, and a single copy could score in more
than one error category. Each error category in the checklist can be
Classified in two ways; either it is a formational or positioning error,
and can be regarded as one that alters the global shape of the original
Stimulys or of just a segment or part within the whole. Table Ic gives
further details of this categorization. An example of the operation of

the error checklist is given for the copy of the figure below;

original copy

VA awvie

This reproduction would have an error score of 4, having been faulted

°f errors 5p (Overextension at line join), 6b (whole figure too small),

12 (lines not uniformly straight) and 15 (misshapenness).

The assessment of reproductive accuracy is therefore made by the use
°f a thorough checklist against which each copy made over the four test
Sessiong is assessed. Only a minimal number of stimuli are inappropriate
for inclusion and testing in each error category. This method of
A8sessment further permits the ranking of stimuli within each group
(simple and complex figures, upper and lower case letters) according to
the Overall difficulty in reproducing each stimulus over the four test

s
®Ssiong by both subjects.
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To summarize, the following hypotheses are tested in Study I;

Overall levels of rule use will change over the year under examination for

both letter ana figure stimuli.

consiStency of rule use both within and between each test session will

increase over this period.

Acc“racy of reproduction for figure and letter stimuli will also increase.
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Sub
Subjects

The two subjects taking part in the study were both female and from
the same class of a nearby Primary school. At the time of the first test
Session Emma was aged 6:0 years, and Shona 5:9 years. These two were
Chosen from a small sample of similarly aged children because both
SPontaneously used their right hand when drawing and were able to
reproduce a diamond reasonably successfully, a feat of moderate difficulty
for childaren of this age. It was felt that this ability would enable some
°f the more demanding stimuli to be attempted in the earlier test
Sessions. Until the first session neither child had received formal

Writing instruction at the school.

St
=timali

Fourteen simple and eleven complex figures were presented at each
test Session, as were all 26 upper and lower case alphabetic characters.
The Selection of simple figures was based on that of Goodnow and Levine
(1973), omitting the single horizontal and vertical lines but including a
Circle, The stimuli were presented according to the principles given in
the chapter on Experimental Design. Figure Id below shows both the simple
and the complex figure stimuli. The letters were presented in the form

9iven by Jarman (1979).
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Ei&&Eg;Id; The Simple and Complex Figure Stimuli.

Simple Figures

VEa FUAFATT TVAGO

Somplex Figures

(17 TFX-0F A A /N X

Procedure

The two subjects took part in four test sessions over the period of
o
M€ year. These took place on the same day for each child and at

a
pProximately three month intervals. The dates of these sessions were as

fOllowS H

Session 1; 17" gune 1981
Session 2; 239 geptember 1981
s

ession 3; 14" January 1982

Session 4; 25" March 1982

Stimuli within each of the four groups (simple and complex figures,
UPper and lower case letters) were randomly ordered within each group, but
Sach group was presented in turn. First and repeat presentations of
fig“re Stimuli were separated by other groups of stimuli. The order of
presentation of the stimulus groups was varied randomly over the four
Sessiong,

Each test session lasted for approximately 30 minutes, and was

vig
€0 recorded for later analysis.
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Measurement of Rule Use

Although the reproductions of all the upper and lower case letters
and the fourteen simple and eleven complex figures are included in the
analysis of copying accuracy, a rather smaller sample is included in the
eXamination of rule use. This is due to the impossibility of applying
Some of the drawing rules to certain stimuli. Tables Id and Ie in the

Appendix show which of the rules were tssted for each stimilus group.

To summarize these tables, all three Start rules were applied to
10/11 simple figures (this excludes the circle) and Progression rules to
7/11 Simple figures, this latter group being those stimuli to which all
three Progression rules were appropriate. A smaller and varying number of
ProgreSSion rules were applied to complex figures, but a greater number of
Start ryleg were tested here. Sample size for both upper and lower case
letters varies considerably, but statistical analysis and presentation of

le
Vels of rule use takes this into account.

A number of other considerations need to be raised at this point
°°ncerning the ways in which levels of rule use were assessed for both
figure and letter stimuli. Unlike the analysis of reproductive accuracy
In thig Study, oblique lines were taken as being vertical for the
examination of rule use. This both simplifies measurement of rule use for
figures that include oblique lines, and follows the principles of Goodnow
na Levine's original (1973) study. However, to allow greater
comparability with the analysis of accuracy of reproduction in the study,

easurement of the use of rules is taken from all attempted reproductions
°F the Stimuli. Thus the study does not place arbitrary limits on what is

Te
9ardeq ag a 'correct' copy for purposes of rule analysis. This differs

f I‘Qm
the 1973 analysis, which did not include 'incorrect' copies for rule
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analysis,

As Tables Id and Ie also note, analysis of the use of individual
Progression rules is excluded where there is no option but to employ that
Tule in a copy. For example, the Vertical Start and L-R rules are not
€Xamined for the >Kj figure, where following Goodnow and Levine (1973),
©bliques lines are regarded for purposes of simplicity as verticals in the
analysis of rule use in the present study. A rather different problem
arises for stimuli with curved lines, an issue not encountered by the 1973
Study which only included figures with straight lines. The principle that
was adopted in the present study was to include stimuli with curved lines
a8 far ag possible in the analysis of rule use, but with certain
limitations. A curved part of a stimulus could be included in the
dnalysis of an individual rule if in the copy of the curve an overall
horizOntal or vertical direction could be ascertained. For example,
although the 1 was included ' )

etter leor analysis of the T-B rule, the letter C was not.
The Curve in the former letter is attached to a vertical line which
Modifieg the overall shape of the curve. The letter C is more rounded (as

Presented in the versions given to the subjects), and does not contain a

£
Urther Straight line against which the overall direction of the curve can

be juagea,



Results

Qverall Levels of Rule Use

Simple Figures

Table If below gives the percentage rate of use of all six drawing
rules for both subjects across each of the four test sessions. As each
figure was copied twice it was possible to obtain a score for the use of
€ach rule on a particular figure (from 0 to 2). A Friedman's test was
Performed on this data to examine for changing rule use across the four
Sessions, Each percentage reported represents the mean value from the

25 4
first ang repeat copies. The value of the Friedman statistic (Xr") is

9iven alongside the percentage levels of rule use.

75
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Eihlg;lf; Percentage Levels of Rule Use for Simple Fipgures.

Session

1 2 3 b xe®(3 an)  sig
Top Start 95 100 95 90 .27 n.s.
Left stapt 75 70 75 80 J27 -
Vertical start 75 75 70 70 45 n.s.
&R 7 71 71 7 0 n.s.
L-R 7 7 2 71 0 n.s.
Thread 50 57 57 57 26 . NeSo
Top Start 90 90 85 85 .27 n.s.
Left Stapt 60 65 5 80 1.08 n.s.
Verticay gtapt 95 85 80 75 .78 n.s.
138 43 6l 71 50 1.45 n.S.
bR 57 79 86 79 1.4 2.8,
Thread

21 57 50 21 1.16 NeS.
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Table If shows that no significant changes in levels of rule use
OCcur for the simple figures across the four test sessions, despite some
Marked differences in percentage use by Shona. The Top Start rule is used
Father more by both subjects than the Left Start rule, a finding in line
with that of Goodnow and Levine (1973) for comparable stimuli. Although
the leyel at which Emma employs the Vertical Start rule remains
apPrOXimately constant throughout the year, Shona's use of this particular
fule fallg by 20% from a near maximal level. Similarly, Emma's use of all
three Progression rules fluctuates to a lesser extent than does Shona's.
Neither Subject shows a dramatic drop in the use of the Thread rule
Predicteq by Figure 2 between the first and last session. The overall
“onclusion to be drawn from Table Ih is that rule use for simple figqures
does not change significantly over the test year, although there is a

treng for differences in patterns of rule use to exist between the

Subjectg,

Com lex Figures

Table Ig gives the levels of use of the six rules for the complex

figures. Despite some large differences in percentage rule use for these
figure Stimuli across the four sessions no significant differences are

found' Where marked percentage changes do exist for complex figures they

PPear to pe fluctuations rather than increasing or decreasing trends in
r :

e use, poy example, Shona employs the Left Start rule at widely
iffering levels between Sessions 1 and 2, and the increase of 22% in the

u 3
S¢ of the T-B rule between Sessions 1 and 3 is followed at Session 4 by a

fa
1 to the original level of 23%.
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IEE&S;Ig; Percentage Levels of Rule Use for Complex Fipgures.

Session

Emmg

1 2 3 5 xe?(3 af)  sig
Top Start 64 7% 73 73 41 N.S.
Left Stapt 4 50 36 41 1.0k n.s.
Vertica) Start 70 55 65 65 1.14 Nn.s.
T<B 18 18 14 14 b n.s.
L-R 50 50 39 56 73 N.Ss.
Threaq 0 0 0 0 0 n.s.
Shona
Top Start 59 73 82 73 1,01 n.s.
Left gapt 59 14 1 36 5.05 n.s.
Vertical gtapt 75 60 70 60 .66 n.s.
-8 2% 22 L5 a3 2.07 NeSe
L-R Ly o8 50 n Al N.Se
Thread
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Why should a greater level of fluctuation in rule use be present for
Complex over simple figures? One possible answer to this question is
linked to the levels of use of comparable rules between simple and complex
figures, Visual inspection shows that overall levels of use for each of
the six drawing rules is higher for simple than for complex figures. This
is Particularly marked for Progression rules where Emma, for example, did
not employ the Thread rule on a single occasion when copying a complex
fig“re, despite using it on over 50% of simple figure copies. It can be
€oncludeq that the six drawing rules, and particularly those governing the
direction of lines through a figure, are less appropriate for the complex
Stimuli in Study I than for the stimuli for which the rules were
origi“ally tested. It is not that each child is unwilling to use these
fules (ag demonstrated by the high levels of use for the simple figures),
but father finds that the consistent directions implied by the use of such
fules are not appropriate for these more complex stimuli. This
explanation, however, does not take into account any possible interaction
between accuracy of reproduction and the choice of copying strategy. This

is
SUe i3 examined in later studies in the thesis.

U
POr Cage Letters

Table 1h overleaf shows levels of use of the six drawing rules for
the
UPper case letters in Study I. Unlike figure stimuli, letters were
on}l
Y copied once at each session, with the consequence that a statistical

ést empl '
Ploying nominal data (Cochran's Q test) was performed here.

Table 1h shows only a single significant changing level of rule use

acl-o N
SS the four testing sessions and for the six drawing rules, this being

Emm [
a v
= arying use of the Left Start rule. However, further interesting
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Patterns of rule use emerge for both subjects from this table. Like both
Simple ang complex figures, levels of use of the Top Start rule are higher
than those for the Left Start, and for both Emma and Shona use of the
Vertical Start and L-R rules is both high and consistent for upper case
letterg across the test year. Whether this represents a consistency in
the use of rules for individual letters is examined in a following
Section, The Thread rule is employed at an overall level similar to that
for simple figures, although the patterns of rule use given by both
Subjects imply that the use of the Thread rule is not a stable one,

tending to increase over a period when the use of this rule is expected to

decrease for simple figure stimuli.



Eéﬁlg‘lh; Percentage Levels of Rule Use for Upper Case letters.

Session

Emma

1 2 5 4 Q(3 an  sig
Top Start 85 p) 100 92 4,80 el e
Left Stapt 54 L6 65 62 9.3%2 *
Vertical Start 81 81 81 8 0 n.s.
T-B 20 57 70 52 £.65 n.s.
B 100 100 100 100 0 N.s.
Threaq 64 86 7 79 6.00 NeBe
Shona
Top Start 85 27 85 96 4,93 n.s.
Left Stapt 65 58 69 58 7.36 n.s.
Vertical siapt 81 81 81 75 3.00 n.s.
T-8 20 70 57 57 L, 50 NeS.
LR 100 100 100 100 0 n.s.
Thl"ead

57 57 86 79 7.29 Ne8%
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Lower Case Letters

Table Ii notes the use of the six drawing rules for the lower case
letters, Two significant trends emerge from this Table; Emma's use of the
T-B rule fluctuates in an initially downwards direction, and Shona
increaSingly employs the Thread rule from a 59% level at Session 1 to a
Maximum level at the final test session. Levels of use of the Top Start
fule are again higher than those for the Left Start, but unlike the upper
Case letters the latter rule is used at a similar and relatively unvarying

level by botn subjects.

One common feature between levels of rule use for upper and lower
Ca8e letters is the 100% rate at which the L-R rule is applied to the
twelve letters for which it is appropriate. This pattern stands the L-R
apPart from the two remaining Progression rules, whose use is at lower and
Varying levels. It would seem that even by the age of six the two
Subjects have a fixed left to right strategy for the printing of
horiz"ntal lines in letters. This is not matched by similarly high levels
°f use of the T-B rule. It would appear that the overriding preference
Shown by Emma and Shona is to start at the top of letters (in particular
"Pper Case letters), but to further ensure that horizontal lines are

c
OPied in 5 consistent direction.



Table Ii; Percentage Lovels of Rule Use for Lower Case Letters,
Session
1 a 3 4 Q(3 df)

T

Op Staprt 65 9 81 81 6.4
Left Stayy 58 5l 58 5k 2.00
Verticay Start 71 7 ral 7] 0
Te

B 50 4 29 50 8.04
L~

& 100 100 100 100 0
T

hreaq ol 100 100 100 3.00
Shona
T

°P Start 73 73 88 88 6'OQ
L

®ft Stapt 54 58 58 St .67
vV s

Srtical Stapt 65 82 71 7 3.80
T<p

6l 6L 55 55 2.40

L~D

' 100 100 100 100 0
T

oo
N

218
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Two conclusions can be drawn at this point about rule use in the
Copying of single letters. The first is that the six rules are not all
aPpropriate for the copying of the letter stimuli, as judged by the
differing and occasionally low overall levels of rule use. Secondly, at
the approximate age of six the use of the majority of these rules is not
at fixeq levels, but rule use does not change to a significant degree
°F in a consistent direction. Visual inspection shows that the differing
levels of rule use between the upper and lower case letters implies that
these two groups of stimuli are quantitatively, if not qualitatively
different, and should be taken separately for purposes of formational
inStruction, as Wright and Wright (1965) recommended. The hypothesis that

the Writing instruction received by Emma and Shona would alter levels of

o ;
ule use 1n letters and figures is not supported.



85

222§i§§gncy of Rule Use

This section examines the consistency with which copying strategies
are employed across any two presentations of a stimulus in the same or
diffetent test sessions. The tables below give the percentage levels of
conSiStency as measured in two different ways; the extent to which each of
the two Copies in the session was made using the same Start and
Progression rules (for between and within-session consistency), and
Whether each first and repeat reproduction was drawn using an identical

s
trateQY7 namely whether the order, direction and number of strokes were

S1imj .
imilar, This method was only employed for within-session analyses. The

h
YPothetical reproductions below demonstrate how this method was employed.

first copy repeat copy
J [
S
2
I
——
2

Both Copies above employ the Top and Left Start rules, and are judged
£ be Consistent in this respect. Although the first copy commences with
b Vertical Stroke, the repeat copy does not, and thus the two copies are

nconSiStent for the use of the Vertical Start rule. For the Progression
rules' both copies fail to draw all the verticals from top to bottom, and
re thug consistent here in that the T-B rule is not used. The first copy

faj
s to employ the L-R rule for every line, but the repeat copy does, and

hen
c . :
¢ the Palr are inconsistent for the L-R rule. Neither copy uses the

Thre
a o
4 Tule, and as both reproductions are not copied using a similar



Pattern of line orderings and rules the two are judged not to have been

Produced with identical strategies.

86



Within-gession Consistency

The following tables combine data from the
P ;
fogression rules for each subject and for both
£ .
igures, A Friedman's test examines changes in

fo
¥ the Start and Progression rules within each

an
d a Cochran's Q test employed for the testing

87

three Start and

simple and complex

the level of consistency
of the four test sessions,

of changes in consistency

in i
ldentical strategy. Sample size for both within and between-session

co ; . : ; - . i
NSistencies is given in Table Ij in the Appendix, with ten simple and

ele
Ven complex stimuli included in the analysis of identical strategy.



lable 7y,

——==L _IKk; Percentapge Consistency of Start and Progression Rule Use

o
(@]

.2
2imple "irures

Start pules

\ 1
Abmma 90
Shona 97
Logression Rules
Emma 96
Shong 08
“plex Pipures
<40t fules
Emmg

78
*hong 8l
p
~2Eression Rules
Emng

80
“hong 88

Within Sessions.

Session
2 3
97 87
73 93
100 96
67 96
88 84
81 97
96 92

80 96

1+

100

93

100

85

88
8l

96
8l

xe?(3 ar)
A8

1.3%2

.66
2.55

1.04

1455
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Table Ik shows no significant changes over time in the consistency
with which either Start or Progression rules are applied across the four
test sessions. The overall pattern is that of a high level of consistency
of Strategy within each session for both simple and complex figures. A
Previous section of the Results has shown that some of the six drawing
Tuleg (and especially Progression rules) are used to only a moderate
degree in complex figures, but Table Ik above demonstrates that there is

c°nSistency within each session to the figures for which they are, or are

ot ugeq,

Table 11 overleaf notes the extent to which identical strategies were
“Mployeq for the first and repeat copies of simple and complex figures by

b . ;
oth Subjects within each of the four test sessions.



Table T1;

——==2 1l; Percentapge Use of Identical Strategies for Simple and

Slm le Fi?ures

a
Erima 80
Shona 80

4

Emma 18

Sh
Ona 27

Complex Figures Within Sessions.

Session

Iro

90

50

36

(RSN

80

70

55

100

70

b5
27

Q(3 af)
3.00

3.00

4,20

6.65
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Table Il fails to note any significant changes in the percentage
1eve15 with which identical first and repeat copying strategies are used
by either of the two subjects within each of the four testing sessions.
One pattern that does emerge is that identical strategies are rarely used
for Complex figures, and when these are employed they are liable to
fl“Ctuation between the four sessions. One explanation of this finding is
that as no simple progression paths exist through the complex figure
stimuli: any one strategy is less likely to be repeated within a single

test Session. This is less the case for simple figures, where the choice

°f possible drawing strategies is fewer for each figure.

Overall conclusions about the consistency with which the six drawing
‘ules are applied within each test session are straightforward. For both
Simple and complex figures, and for both Start and Progression rules the
Same individual rule is invariably used at a level above 80% for first and
Fepeat Copies, although identical strategies are not often employed for
“omplex figures. The simplest explanation for this pattern of high
within‘Session consistency is that the children are simply remembering the
Paths Used in the first copy at the repeat presentation. To claim that
the use of drawing rules is operating at a more profound level,

etween‘SF-'ssion consistency would also need to be at a high level. This

s SXamined in the following section for both figure and letter stimuli.
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EEE!E§3:§ession Consistency

Examination of consistency of rule use between the four test sessions
is given in Tables Im and In below, which note the percentage change in
conSiStency of rule use between Sessions 1 to 2, 2 to 3 and 3 to 4 for
both letter and figure stimuli. Data is given for both subjects and
SUmmarized for the Start and Progression rules, with statistical analyses
teSti“g for change between these three groups of two sessions. Sample
Size for figure stimuli is given in Table Ij in the Appendix, and for
letters in Table Ie. Change in percentage consistency of rule use for
individual letter stimuli is calculated on a 1/0 basis between each
SSsion, depending on whether a rule was (score 1) or was not (score 0)
consistently used. For figure stimuli this calculation is based on the
fXtent to which rule use changed in both the first and repeat copies at
ach Seéssion. For example, if the Top Start rule was used once in the two
oples of ap individual figure at Session 1 (score 1), and twice at

®8sion 2 (score 2), then the difference between these two values is noted
ang ®Mployed in the statistical analysis. If the Top Start rule had not

®en useq at all in Session 1 then this final value would be given as 2.

c
OMment.g Oon between-session consistency follow Tables Im and In.



Eﬂhl&_lm; Percentage Consistency of Start and Propgression Rule Use

for I"ipure Stimuli Between Sessions.

Mures
Session
§£1£E_Rﬁl§§ 1 2 3 4 Xr®(2 df) sig
Emmg 93 95 93 05 B
Shong 87 90 95 <95 n.s.
l‘gmma 9“ IIOO /100 .07 NeSe
Shong 79 21 83 7k Tniia
Enmpq 2 8 1.56
80 86 9 o n.s.

S \ )

hona 63 75 80 2.b5 NeSe
P
~R&Tession Rules

fmag 84 82 9l 74 n.s.
Shong

84 84 84 .06 NeS,
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Ta . .
-ELS_lP: Fercentape Consistency of Start and Progression Rule Use

for Letter Stimuli Between Sessions.

UQper Case Letters

Session

M@E 1 _% 2 l Q(E af) S1g
Eurg 08 20 96 .50 fie: B
S

hong 88 8L 87 1.56 n.s.
E

g 87 al 89 “ 7.9 n.s.
Shong 91 a0 ] 3.46 s T =
Lower Case Letters

E

Mma 9 9k 96 3.50 NeSe
Ohona 76 82 93% 9.3%0 *
Prog

E

mma 84 93 88 3.1}'3 NeSe
Shong

8l 84 88 .73 N.5.
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Tables Im and In report only a single example of significantly
Changing between-session consistency, this being Shona's increasing
COnSistency of use of Start rules for lower case letters. However,
increasing Cconsistency is reported in twelve out of the fourteen analyses
in these tables where differing percentage consistencies are reported
between the first and last comparisons. This proportion is highly
Significant (P < .01) using a Binomial test with equal hypothetical
Probabilitjeg for increasing or decreasing percentages. From Tables Im
and 1n 4t can be concluded that not only is between-session consistency

high
+ there is also a trend for it to increase.

Taken together with the data from the measures of overall levels of
fule yge and within-session consistency, a pattern of the extent to which
Fules are applied to the different stimuli and their changing use over
tine oW emerges. Examined for stimuli where the use of an individual
Tule jgq Possible, overall levels of rule use do not change between the
39es of Six and seven years for the two subjects in question, but do vary

& function of the appropriacy of the rule to the stimulus in question.
or €Xample, start rules are more often employed than Progression rules
w
a COPYing complex figures, as this group of stimuli present no
e
asily'Planned paths through each figure. The differing but unchanging
Oov
t Al levels of rule use for letters imply that by the age of six these
w
° children have relatively fixed spontaneous methods of printing both
u
FPer ang lower case letters that are not susceptible to change from
n
structional or developmental factors. The evidence from within and
e
"een-session analyses attest further to the unchanging nature of these
Sty
ategieS. The drawing rules are either employed or ignored for repeated

COpie
S i
N the short and long term for letter and figure stimuli, with

€nce
of i : 3 i
£ lncreasing between-session consistency over time.
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Accuracy of Reproduction

All letter and figure stimuli are included in the analysis of
reproductive accuracy. Values for the simple and complex figures included
in the statistical analysis in this section are the mean values from the
first ang repeat copies obtained from the error checklist. Table Io below
9ives the mean error scores for both subjects across the four test
seSsions, with the F values in the table being from the one-way ANOVAs

Performed on each set of data.



IEELQ_IO; Mean Error Scores for Fipgure and Letter Stimuli.

§i@Ele Figures

Emma

Shona

QEPElex Firures

Enma

HEESE_Qase Letters

Emmg

Shona

LEHEE_Qase lLetters

Emma

Shona

=

2.68
314

4.73

L, 23

3.75
%58

2.88
2.88

jro

2.36

2457

336
3.68

2.54

2,08

2.81

2.3%6

2.65

4.00

3,47

2.73
3.%1

|+

L7
1-96

3,36
545

2.50

k.15

2:23

3.19

=

1.89
1.90

2.83

1.70

2,16
79

3=52
3-52

3-40
3-40

3-100

3-100

32100

3-100

97
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Only one of the eight patterns of changing error levels attains
Significance in Table Io, that being the fluctuating accuracy of Emma's
Copying of upper case letters. There is thus no support for the
hypothesis of decreasing levels of error between the ages of six and seven
in the present study. Comparison of error levels between stimulus types
in the above table is limited by the inapplicability of some of the error
Checklist categories to certain stimuli, but comparisons can be made both
between the two subjects and within stimulus groups. For this latter
Comparison care must be taken due to the fact that the 'first oblique

drawn too vertically' is not appropriate to all stimuli.

The mean number of errors committed by Emma decreases for all four
Stimulus types between the first and fourth sessions regardless of
fluctuations between these two points in time. For Shona, however, this
Pattern of an overall trend for decreasing errors is only present in
figure stimuli. This implies that despite the increased amount of
Practice obtained in printing letters in the test year, there was no

COncurrent increase in the quality of reproduction.

Table Ip in the Appendix ranks the stimuli within each group
accOrding to the mean number of errors committed by both subjects across
the four test sessions. From this table an approximate measure of the
Felative difficulty of stimuli within each group can be obtained. The

Short section below discusses these rank orders for each stimulus group.

Simp1e Figures

Several interesting features emerge from this section of Table Ip.

F
irstlY! there is a disparity between the difficulty reported in copying

t .
he two identical but mirror-image stimuli of /\ and \/ , with the
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latter figure found to be the easier. This could be accounted for by the
resemblance of the \/ figure to the letters v and V, and the transfer of
Practice effects to the similar geometric figure. Both the upper and
lower case versions of this letter are reported as being the easiest of
€ach stimulus group to copy. If this was the sole explanation, however,
then the circle would have been found to be prone to fewer errors due to
Practice with the letters o and 0, and also because circular forms are
Spontaneously produced many times in scribbles from an early age (Kellogg;
1969, 1979). One further possible explanation of the relative ease of the V
Over the /\ figure is that the drawing of the former can combine the
highly employed Top Start and Left Start rules, the use of these two being
mutually exclusive in the latter figure. If ease of reproduction is
Telated to the number of simple drawing rules that can be applied to a

figure then this explanation is a plausible one.

The three most difficult of the simple stimuli (ZX ’ ‘7 ’ <> ) are
the sole figures of this stimulus group that contain areas enclosed by
ObliQUe lines. The diamond is reported as being by far the most difficult
Figure to copy, a finding in line with the previous studies of Di Leo
(1971) and Graham et al (1960). The reported rank ordering of the
fourteen simple figures in this study correlate at a level of .35 (P <
+05) with order of difficulty for those figures employed by Graham et al,
althOugh the method of error measurement differed in this latter paper.
There are, however, some notable differences between the two patterns of
Fank orderings. For example, although the \/ figure was reported as
being the easiest for Emma and Shona to draw, it was ranked as the eighth
Most difficult out of the fourteen comparable figures included by Graham
et a1, This particular anomaly could be due to the lesser amount of

Practice obtained with this letter-like figure by Graham et al's subjects

W
ho Were aged up to five years.
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Complex Figures

Comparison with previous studies is not possible for these more
Complex figures, as no study has assessed the accuracy of the copying of
9eometric figures assumed to be difficult for the subjects tested.
Inspection of Table Ip in the Appendix shows mean levels of error to be
higher here than for simple figures, with the three most difficult stimuli
being those with two or more enclosed parts. Interestingly, the q:
figure appears to be unexpectedly error prone in relation to the five
Stimuli that precede it in the ranked list, and which all possess oblique
lines, If the combination of curved and horizontal or vertical lines
Within the same stimulus is consistently difficult to reproduce then this
Will be reflected in the rank ordering of upper and lower case letters

that include this structural feature.

EEEEE_ggse Letters

Seven upper and lower case letters are similar with regard to shape
and 1ine positioning. These are C, O, S, V, W, X, and Z. For only one of
these, Z, does Table Ip show the upper case copy to be more accurate than
lower case reproductions. Taken together with the finding that the mean
Number of errors is higher for upper case letters, it would appear that
Fmmg and Shona are more comfortable making reproductions of lower rather

than upper case letters, whether this be due to practice effects or

Structural differences between the two letter groups.

The three most difficult letters in this stimulus group are those out

o
£ the total of seven that combine curved strokes with straight lines in

ot . g ; :
her Orientations. There is no significant correlation (r = .01) between
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the rank ordering of difficulty of upper case letters in Study I and that
given by Lewis and Lewis (1965), the study on which the present error

Checklist was based.

Lower case Letters

The rank ordering of these stimuli does correlate with that of Lewis
and Lewis (1965), and at a significant .55 level (p <.005). Why there
should be a correlation for lower but not upper case letters is somewhat
Puzzling, but one possible explanation centres on the relative lack of
Practice usually encountered by children of this age with upper case
letters. This could also cause upper case copies to be produced with less
Consistent strategies over time than lower case copies, and thus the rank
Order of difficulty for upper case letters in Table Ip may not be a
feliable one. The proportion of lower case letters that combines curves
With straight strokes is greater than that for upper case letters, and is
SPreaq throughout the lower case rank ordering. This makes the assessment
°f the interaction of these two structural features somewhat more

difficult to calculate.

To serve as a background to the above analysis of reproductive
acCUIacy, Figure Iq overleaf gives copies of each child's printing of her
°%n name over the four test sessions. A brief qualitative analysis shows
that Emma's retracing of letters drops out by the final session, by which
time she appears to be successfully maintaining a constant size between
individual letters. Shona's writing of her own name becomes more fluid,
With less breaks between strokes within letters and a fading out of
retraCing after the first session. Shona's changing shape of the letter R

is jnq: it : : ;
S indicative of her improved writing formation. At Sessions 1 and 2 this

1 ;
Stter 1s formed from individual strokes, with the version at Session 2
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Comprising a circle and two straight lines. The strateqgy used at Session
3 is not clear, but by Session 4 it is likely that Shona started at the

top of the letter and used the Thread rule.
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Discussion

Study I has shown that the extent to which each of the six Start and
Progression rules is used is a function of both the rule in question and
the stimulus type. Neither levels of rule use nor accuracy of
Teproduction for letters or figures changes significantly over the year in
Which the testing was carried out. It would seem that in an unmodified
form the six drawing rules, and in particular the Progression rules, are
less appropriate for describing the copying strategies for more complex

figures used by the two children in the study.

From this conclusion arise two further questions about the nature of
copYing strategies for all but the simplest of stimuli; in what ways do
COmplex stimuli differ structurally from simple stimuli, and what is the
Nature of the copying strategies that these figures invoke? Table Ig
Shows that rules defining the direction of all the horizontal or vertical
lnes ip a complex figure (L-R and T-B) are not used to a great extent,
but it may nevertheless be the case that a high proportion of the
indiVidual verticals or horizontals in each stimulus are drawn using a
top‘tc"bottom or left-to-right strategy. Studies IV and V examine the use

o
£ Preferred directions for single lines.

Both within and between-session measures of consistency are high,
Often at a greater level than the overall levels of use of drawing rules
e which they correspond. The implication of this finding for any
rule‘based method of letter formation instruction is that it must take
account of the conclusion that even by the age of six the spontaneous use
- drawing rules across a variety of stimuli is relatively fixed.

n :
struCtlonal procedures should therefore take into account the rules the

Chy
ldren themselves use at this age, or to commence instruction at an
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€arlier age. The latter method, however, would need to employ a very

Simple range of stimuli which each child would be capable of reproducing.

The distinction between simple and complex figure stimuli in Study I
is rather an arbitrary one, with figures in the latter group having a
higher number of component lines and more complex line orientations and
junctionS. Although Table Io has shown that the majority of complex
figures generate a higher level of mean error than the simple figures,
SXact comparison between individual stimuli is made difficult by the lack
of a Ccommon principle behind the generation of the simple and complex
figures, and by the fact that the error checklist is not equally weighted
to a1 stimulus groups or to stimuli within each group. This criticism of
the eérror checklist is exacerbated by the fact that this method of
asseSSing accuracy of reproduction is rather complex, requiring a degree
°f practice on the part of the experimenter. The emphasis placed on the
feed for thoroughness in the checklist would have been better balanced
39aingt 4 simpler method of error judgment for which a measure of
inter‘judge reliability could have been attained. Despite this drawback,
tis unrealistic to claim that differences between the mean error levels
rep°rted for each stimulus are solely due to the vagaries of the method of
ssesSment. Ensuing studies in the thesis pay more attention to the need
o Tealistic comparisons between stimuli and for a simpler method for the

S ]
Sessment of reproductive accuracy.

It should be noted when assessing the lack of significance in the
Changes of rule use and copying accuracy over time that data was collected
o Only two subjects in this study. For example, it is disappointing to
tinq Neither Emma's nor Shona's changing use of identical copying
strategies for complex figures in Table Il attains significance, nor does

Sho
s regularly decreasing use of the Vertical Start rule for simple
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figures or her fluctuating use of the Left Start for complex figures.
AlthOUgh the statistical analyses take this method of data collection and
Analysis into account, patterns of change reflect individual biasses that
one would expect not to be present in a larger group study. This latter
Method of assessing changing graphic behaviour over time is employed in

further studies in the thesis.
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STUDY II
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Introduction

Among the conclusions drawn from Study I is that drawing rules which
eontrol the direction of copying of all horizontal and vertical lines in a
figure are used less when the figure itself is a more complex one. It has
been Suggested that complex figures may invoke copying strategies that go
beyond the noting of individual line direction and take into account parts

°f the whole stimulus.

Study II follows closely the hypotheses derived from Palmer (1977), a
Paper that has already been reviewed in the Stimulus Construction and
ComPIGXity section of the Literature Appraisal. Palmer tested whether
deometyjc figure stimuli that possessed parts with a high 'goodness'
rating were manipulated more speedily in a series of perceptual tasks than
figures without good parts. To this end he employed a figure construction

£
Tamework (see Figure IIa below) from which the figures used in the study

Were derjved.

F
‘EEEEE_££a; The Stimulus Construction Framework used by Palmer (1977).

To summarize the results of the 1977 study, it was found that the

Po
SSession of a good part aided the speed with which the stimulus figure

14 be separated into its component parts ('parsing'), that good parts
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Were more quickly constructed into a complete figure ('mental synthesis'),
and that figures with good parts would have these parts more easily
Tecognised ('part verification'). A high correlation between the
Subjective and (objective) goodness rating of parts was also found. The
Criteria for objective ratings are described in the following paragraph.
Palmer saw the findings from this study as providing evidence for a
hierarchical model for the representation of information in terms of
IStructural units' at different levels of processing. The present study
does not examine Palmer's claim of the existence of a hierarchical theory
of Tepresentation, but does test whether the findings of facilitated
Perceptual manipulation in his study apply to the copying of a series of

deometyric figures derived according to similar principles.

Each of the figures derived in Palmer's (1977) study contained a
totay of six lines ('segments'). He derived a method for rating the
|goodneSS' of any three of these six lines as a component part. The
stimulus features that were used in the goodness rating of parts were
Strongly influenced by Gestalt principles, and are given below. The
calculation of part goodness was made by comparing each of the three lines

wi

thin 4 named part with the remaining two lines in the part
( 'within_
(

group elements') and each of the other three lines in the figure
between*group elements') on five dimensions. For each nominated
three'l:Lne part the average difference between within-group values and
between‘group values was computed and summed across the five scoring
dimensions given below. Each of these dimensions was weighted according
e its 'salience for perceptual organization' determined independently by
g stePwiSe multiple regression technique (see Palmer, 1977, Page 472).
A bPart to have a high goodness rating, within-group elements would

or "
€ highly at the expense of between-group elements. The five scoring

May g 4
USions are as follows;
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Sonnectedness:: Score 1 if the two lines share an endpoint,

score 0 if they do not.

BEEEEEEEX: This is the complement of the distance between
the two mid-points of each line, with vertical and

horizontal lines having a unit length of 1.
22255525223 If the two lines form a 'compound line'
(i.e. they are connected and in the same

orientation) score 1, if not score 0.

Orj .
~£i§2£3§£on Similarity: Scored as below;

|| ox=or// or \\ = 2
|—or /\ =1
|/ orl '\or-—/or—\ =0
L
~EEEEE_§iEil3£151= If the pair have the same length, score 1. If

they are of different lengths score 0.

Figure IIb below gives examples of a number of stimuli derived from
the figure construction framework and used in Palmer's 1977 study,
together with the goodness rating of different three line parts within
fach figure. 1t can be seen that Palmer separated these parts arbitrarily

ou
t into groups of high, low and medium goodness.



EBﬂEﬁLij; Examples of Palmer's (1977) Ficure Stimuli and the

Bigure

Goodness Rating of Parts.

High Goodness

L
9.06

Medium Goodness

Low Goodness

_y

3.37
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Figure IIb above demonstrates that of these examples, the‘higher
fated parts are those whose component lines are closer together, are more
likely to be touching, are more similar in length and so on. The goodness
Tating of a part also takes into account the context (i.e. the complete
figure) in which the part appears. For example, the goodness rating of
the two triangular parts in Figure IIb differs because of the structure of
the Yemaining three lines in the figure. The perceptual reaction-time
tasks used by Palmer on adult subjects are not replicated in this study,
althOUgh the central hypothesis of the original study, that good parts aid
the Manipulation of geometric figures in perceptually-based tasks, is
éXtended here to a copying task. Not only is it expected that good parts
in figures will increase the speed with which the stimuli are drawn, but
also that the good parts themselves will be perceived as emergent from the
femainger of the figure and will be drawn in a complete, uninterrupted
Sequence within the figure as a whole. A simultaneous copying task is
USed in thig study in which there is no timed delay between the initial
perception and reproduction of the figure. This method allows the subject
to Continuously scan and compare his own reproduction with the model
whilSt the copying is in progress. Later studies compare reproductive
fig“re memory in greater detail. Using a simultaneous copying task and

Adult Subjects, it is expected that;

CoPYing will commence more rapidly for figures with good parts after the

i ¢
Mtiay perception of the figure.

F :
lqure containing good parts will be drawn more rapidly than those without

9%q bParts,

°0q Parts in figures will be drawn as 'units' (i.e. in an uninterrrupted

sequeHCe ) .
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Good parts in figures, when drawn as units, will be drawn more rapidly

than the remainder of the figure.

Figures containing good parts will be drawn more consistently across first

and repeat reproductions of each figure than stimuli without good parts.
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Method

The method of constructing stimuli in this study simplifies that
given by Palmer (1977) in a number of ways. Firstly, only two dimensions
are used for the goodness of rating of parts within fiqures; these being
Connectedness and proximity, the two dimensions having the highest
weighting values in Palmer's original method of good part calculation.
These tyo dimensions are given equal weighting in the present method of
99%0d part calculation. Although the present study follows Palmer's method
of Selecting only three-line parts from six-line figures, a precondition
°f part selection in this study is that each of the lines in a nominated
Part mygt touch at least one of the other two part lines. This measure

®Xcludes parts such as those included in the third column of Figure IIb.

All Possible combinations of three lines that satisfied the connectedness
criterion were rated for their goodness value as a part within the
Complete six-line figqure. Rather than use Palmer's method of separating
Partg into high, medium or low goodness categories a single dichotomous
Measyre is employed here. Stimuli are separated into those figures that
have either one or two good 'outstanding' three-line parts and those
¥ithoyt good parts. The stimuli in these two groups are labelled 'G
figureS' and

'NG figures' respectively. Figures with two good parts are

c

onstructed from independent groups of three lines within the complete
fig\lre;
The

lines included in one good part are not included in the other.
'minimum acceptable part scores' given below are arbitrary values used
% Cut-off points for good part selection. These were determined by
inspection to give the correct number of appropriate stimuli. To be

in
ludeq as a part both of the criteria given below needed to be

satisfied.
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EEEQgggedness Value G1: Calculated as in Palmer (1977); score 1 if each

pair of lines touched, 0 if they did not. Minimum
acceptable part score .2,

253532&2&1&3;22_925 With unit length of verticals and horizontals as
1 and of obliques 2, the proximity value of part
was the complement of the distance between the
mid-points of each line pair. Minimum acceptable

part score .15,

Six-line figures were randomly generated from the framework in Figure
11 and assessed for part goodness until ten figures with good parts and
ten without good parts were derived. These figure stimuli are given in
Tableg IIc and IId below, along with the G1 and G2 goodness ratings

a
SSociated with each good part.



Eéhlﬂ_llc: Stimulus Fipures with Good Parts.

Goodness Rating

Figure Part(s) a1 G2

I .89 43

— .89 .38

< - < bk .32
= .78 35

N N .33 .22
{ / .78 29
%\ N .33 '.'\9
N e 33 7

7 A .78 .3k
):{ '4 +67 15
’XP V .56 24
§\ [7 .33 5
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fable 1T4; Stimulus Figures without Good Parts.

Goodness Rating

Figure Part (s) Gl Ge

H

s~ X o X 4 X v K



Although a number of right-angled triangles are rated as good parts
in the figures in Table IIc, no similarly sized or shaped elements emerge
as good parts from the figures in Table IId, even though two figures
COntain such shapes. This is due to the influence of the differing

Contexts that are taken into account when assessing the part goodness

Valye,

To enable a measure of consistency of strategy to be made, each of
the twenty stimuli were copied twice by each subject. Stimulus order was
randomized, but no repeat copies were made until each of the twenty
Stimuli had been reproduced for the first time. The figure stimuli were
drawn and formed into a booklet according to the principles given in the

ExPerimental Design chapter.

Subjects

Seven female and three male Undergraduates from the University of
Keele Served as subjects in the study. All subjects were volunteers, and

haq Mot previously been informed of the nature of the study.

~Xocedure

The testing took place individually and in a small well-lit
aboratOry. Each subject was informed that he or she would be asked to
r
eproduce the figure on the left-hand side of each booklet page to the

ry
Mt of the original, and was asked to;
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'complete each drawing as quickly as you can, but try to ensure that

your drawings resemble the originals closely'.

After completing each copy the subject was told to turn the booklet

Page past the blank intervening page and onto the next figure.

fata collection

The test sessions were video recorded by a camera placed above and in
front of each subject. To allow the timing of individual strokes within
drawings, a second camera was focussed on a digital timer and the output
from the two cameras was mixed into a single picture before being
Fecorgeq, This allowed the timing of any event to be established to the
Nearegt

«01 of a second. The following data was collected from the

re : E 7 .
€ordings and entered into the timed analysis of reproduction.

Time to Start of Drawing: This was taken as the time from which the
blank page interposed between each stimulus page
reached a vertical point as it was being turned,
to the time at which the first pen mark appeared

on the copy page.

Time to Draw a Line: This was recorded from the first noticeable
pen mark to the point at which the pen was
lifted after drawing the line. Thus any pause
before the final pen lift was included in the

time taken to draw the line in question.
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Time to praw a Part: Similar to the above category; i.e. the sum of
the times taken to draw the three lines included

in a good part.

The digital timer was accurate to one hundredth of a second, and
althouqh drawing times reported in the Results are to this level of
acc“racy, due to the fact that the timer output was being video recorded,
times reported are only accurate to .02 of a second. Due to a recording
®Tror a total of nine repeat stimulus copies from Subjects 1 to 3 were

accidentally erased. Where relevant, statistical analyses take this into

account,
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Results

EEEij£L§tart of Drawing

The hypothesis that copying will commence more rapidly for figures
With gooq parts (G figures) than figures without good parts (NG figures)
is testeq in this section. Table IId below gives the mean number of
Seconds taken before each G and NG figure was commenced in both first and
Tepeat copies, as well as the mean overall time across these two
presentations. A repeated-measures t test was performed on each set of

data gjyen in Table IIe in the Appendix.

T
~EE£E_££Q; Time Taken to Start of Drawing for G and NG Figures.

Mean Time Taken(Seconds)

G Figures NG Figures (9 af) sig
First Copy 1.55 1.43 3.76 ***(2-tail test)
Repeat opy 1.48 1.52 .50 n.s.
Mean va1ye 1.52 1.47 1.03 n.s.

The results in the above table provide no support for the claim that

the
time taken to start drawing G figures will be less than that for NG

£1
Sures, There is some evidence for the converse to be the case, with the

len
9th of time taken to start drawing the first copy of each figure being

81 .
gniflcantly less for NG figures. The implications of this finding are
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that good parts in figures (as defined in the present study) do not affect
what might be termed the 'decision', or 'processing' time before a copy is
Commenced. This is not, however to imply that no further decisions are
Made during the course of a reproduction. Moreover, the single
Significant trend in the opposite direction indicates that another
Stimulus feature or series of features that have not been controlled for

in the construction of the figures is being responded to.
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EEEQEE;Qf Time Spent Drawing

Table IIf below gives the mean time taken to draw each set of G and
NG figures over the first and repeat presentations, as well as the mean of
these values taken from each subject. The data from which this table is

®0llated is in Table IIg in the Appendix.

EEElE_EEf: Mean Drawing Time for G and NG Figures

Mean Time Taken(Seconds)

G Figures NG Figures £(9 df) sig
First Copy 5.19 4.53 6.14 *kk*k (2-tajil test)
Repeat Copy 5.16 4.49 4,85 ****(2-tail test)
Mean value 5.18 4.51 5.94 *kk¥(D-tail test)

The table above provides no support for the hypothesis that figures
With 900od parts will be drawn more speedily than those without good parts,
b ®Vidence is supplied from all three series of means taken for the
opposite to be the case. T tests failed to reveal any significant
differences in the mean amounts of time spent drawing and starting G and
Ay fiqures between the first and repeat copies. The conclusion drawn from
Table IId can be extended to this table; that subjects are consistently

ponding to features in the stimuli other than the defined good parts.
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This conclusion does not automatically imply that the same stimulus
elements are being responded to both the 'processing' and drawing aspects
°f the task. Although this issue is dealt with in greater detail later,
the first two columns of timings in Table ITh in the Appendix give the
rank ordering of figures according to the mean length of time spent in
Starting to draw, and actually drawing each one. Table IIh also shows
Whether each figure ranked in the 'Time to Start Drawing' column is a G or
NG figure. The correlation between these two sets of timings is .55 (P <
«02

+ Oone-tailed test), indicating support for the view that there is

SOomething in common that is being responded to in both timed aspects of

the task.

Also of interest is that the percentage range in mean times between
the fastest and slowest stimuli in Table ITIh is much greater for the time
SPent drawing each figure than for the time spent starting to draw. The
'prOCessing' time for the slowest figure is 35% greater than that for the
fasteSt figure, but for the time actually spent drawing this percentage
irlcreaSe rises to 108% above that of the fastest stimulus. It therefore
3Ppearg that greater differences in timing as a function of stimulus
construction appear in the drawing component of the task. The nature of
those Stimulus features that are invoking faster copying behaviour is

eXam
X¥amined later in this study.
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Good Parts Drawn as Units

The previous sections of the results have shown that the presence of
one or two outstanding good parts in a figure does not aid the speed with
Which the figure is either commenced or drawn. The present section
€Xamines whether these good parts are nevertheless drawn in an
Uninterrypted sequence in the figure as a whole, namely as a 'unit'. If
this were found to be the case then it would be feasible to conclude that
althollgh good parts do not aid the speed of reproduction of the figure as
2 whole they are themselves recognised and isolated within the figure.
The analysis below does not take into account the order the units within
the figure copy as a whole or the ordering of individual lines in each
Unit, Table IIi below gives the ten figures with good parts, and the
pr°P°rtionate use of each good part within the total number of

f®productions gathered for each figure. The sample size occasionally

falls below the maximum of 20 due to the accidental tape erasure.
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gﬂﬂﬁ;ﬁl}; Percentage Levels of Drawing Good Parts as Units.

Eiﬁ&sg ' Good Part Sample Size % Drawn as Units

.

L/ 18 100

— 18 100

~ - 20 a6

<| 20 100

%< N 20 50

\i‘ /] 20 75

'\Z e 20 95

l%\ N 20 L5

7 A 20 65

)q “i 20 35
ANy

N

19 95

SK
<

20 40
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Table IIi shows a considerable variability in the percentage rates
With which good parts in figures were drawn as units, ranging from 100%
for botn good parts of the kTi and f<ﬂ figures, to 35% for the -| part in
the /Eq figure. The apparent reason for the low percentage use of this
Particular good part is that although it represents the three line part
"ith the highest goodness rating in the figure as a whole, there is one
°“t3tanding and obvious four-line part in this figure, the square, that
was infact drawn as a unit in 13/20 reproductions. The inadequacies of
the Method of good part selection and its failure to take account of parts

Other than those consisting of three lines is discussed in due course.

Interesting and important comparisons can also be drawn from Table
14 in the extent to which triangular parts are drawn as units. Those
Stimul where a line in the triangle does not form a compound line within
the Yemaining figure are more likely to be drawn as a unit than those
¥here it does. The explanation to take account of this finding notes the
interaCtion of drawing strategies with structural features present in the
Stimulus,

where it would seem that the trend to isolate triangular parts

b
y drawing may be overriden by the tendency to draw component lines with a

Single stroke.
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§2§2§_9f Drawing Good Parts.

This section tests the hypothesis that when good parts are present in
& figure and drawn as units they will be drawn faster than the three
remaining lines in the figure. In this analysis only figures with one,
and not two good parts are employed, with a one-tailed Wilcoxon test used
L Compare the percentage time spent drawing the unit with the remaining
figure lines. For example, if a hypothetical unit took two out of a total
of five seconds spent on the complete reproduction, then the reported

Percentage for this unit would be 40%.

Table IIj below gives the seven stimuli included in this analysis,
t°gether with the mean percentage length of time spent drawing the unit
And the 7 value associated with the one-tailed Wilcoxon test. Table IIk

1R the Appendix gives the percentage levels for each figure on which Table

113 ig based.



Eéﬁig ITj:; Mean Percentage Length of Time Spent Drawing Units.

EiﬁEEE Part Sample Size

o

13

T 8gainst direction of hypothesis.

k7.6

58.9

Lo.6

46.9

k2.6

18

k9.5
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Table IIj supports the hypothesis that when drawn as units, the
Majority of good parts are copied more rapidly that the remaining three
lines in a figure. The one exception to this finding is the C;n figure,
for which the good part represents a junction of lines in three
Orientations which by definition cannot be drawn without at least one
time‘C:Onsuming pen lift. A comparison can be drawn here with the «—%?
figure, whose good part is identically shaped and positioned to that of
the former figure, and which is also drawn on average more rapidly as a
timeg pPercentage than the good part in the C;” figure. One difference
bEtWeen these two stimuli that may account for the different percentage
timings of the units in these figures is that the 7] in the C;ﬂ figure is
incl“ded as part of two compound lines that are more likely to have been
Arawn more speedily than two single lines in different orientations. The
effect of this strategy would be to reduce the time spent drawing the
fig“re as a whole, a fact confirmed by comparing the relative positions of
the ‘3? and C;ﬂ figures in Table ITh. This table shows that the former
flgure takes on average nearly three seconds longer to draw than the
latter,

and therefore the relative rapidity with which the 7] figure is

d ;
Tawn jg less likely to show the 71 part to a timed advantage.
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Consistency of Copying Strategy.

A different method of assessing consistency of reproduction to that
Used in Study I is employed here to test the hypothesis that figures with
900d parts are drawn in a more consistent manner than figures without good
Parts. The present method notes whether both the order and direction of
individual lines in a reproduction are similar across first and repeat
Copies, giving a score of 1 on both of the dimensions given below is this
s the case. The 'consistency value' is taken as the mean of the scores
from the individual measures of order and direction similarity. For
GXample, in the two reproductions below the first, third, fifth and sixth
Lines are drawn in the same order across the copies; but only the first,
fifth and sixth lines are drawn in the same direction. The consistency

Value for this pair of reproductions is therefore 3.5.

first copy repeat copy

v b A e

o
Tder valye; 140+1+0+1+1 = 4
direction value; 1+0+0+0+1+1 = 3

c n

onslStency value; = 3,5

It was found that the mean consistency values of figures with good

ar
ts was 4.56, and for figures without good parts 4.54. A one-tailed
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indePendent-samples t test found the difference between these means not to
be a significant one (t = .09, 18 Adf, n.s.). Analysis of the Order and
Direction components separately also failed to reveal consistency

differences between G and NG figures.

There is thus no support for the hypothesis that figures with good
Parts are drawn more consistently across first and repeat copies than
figures without good parts. The overall mean consistency values of both G
and NG figures do however show that both sets of figures are drawn in a
Consistent manner, which is somewhat surprising given the relative
COMplexity of the majority of the stimuli. The third column of values in
Table ITh in the Appendix ranks the stimuli according to the mean
consiStency value reported for each. 1In comparing the three columns of
this table, one might hypothesize that figures that tend to drawn or to be
Starteq more quickly are in some way simpler than stimuli that invoke
Slower Copying behaviour. From this assumption it could be also be
Claimed that as the stimuli that are copied and started more quickly would
have less time spent on considering the strategies for production both

fore ang during copying, the strategies themselves would be more
consiStent. Infact, the mean consistency value of each figure does not
orrelate significantly with the time spent drawing of the figure (r =
T*29, g df, n.s.), but does correlate at a .05 level with the time taken

© start drawing each fiqure (r = -.51). The simplest conclusion for this
finding is that the consistency of copying strategy is determined before

the figures are commenced, and that subjects have at least some idea of

o An individual figure will be drawn before the first stroke is made.

The results given so far have not shown support for the advantages
£
oung by Palmer (1977) for figures with good parts in perceptually-based

ta
Sks to be transferred to a simultaneous copying task. Nevertheless,
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evidence has been given to suggest that subjects are influenced by
features in the stimuli not controlled for in the two categories of G and
NG figures in this study. What are the features that are being responded
to? Inspection of Table ITh in the Appendix shows that figures that
Possess two compound lines (figures ranked 1, 3, 4, 5, 10, 11 in the first
Column of Table ITh) and those that symmetrical about either the vertical
O horizontal axis (figures 1, 3, 5, 10, 11) are amongst those started and
drawn more quickly. These two categories are not mutually exclusive, but
to discover whether these two groups of figures are started or drawn
significantly faster than the remaining stimuli Table II1 below notes the

Mean drawing and starting times for these two stimulus groups and values

and significances of the one-tailed independent-samples t tests performed

°n the data.
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Table II1l shows that both the presence of two compound lines and
Symmetry in a figure influences the speed with which reproductions are
both started and completed. Significant results in this table are
achieveq despite the difference between the mean lengths of time in
Starting a copy being less than one fifth of a second between the
Comparjison groups. The finding that the presence of two compound lines
aids the speed of reproduction is not a surprising one given the
like1ihood of compound lines being perceived and drawn as a single and
SPeedjer stroke, but the fact that both symmetry and the presence of two
Compoung lines quickens the time to the start of a copy is more
intereSting. Presumably these two features influence the perception and
fonsequent drawing of the figure as a whole, regardless of the level of
900dness rating of any one part of these or other figures. All five
symmetrical figures and five out of the six figures with two compound
lineg are defined in this study as being without any one or two good
Parts, attesting again to the influence of other uncontrolled stimulus

Propertjeg, The issue of global properties of the stimulus and their

effects on reproductive speed are taken further in the Discussion.
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Discussion

The results from Study II can be summarized as follows; it has been
found that those figure stimuli that possess one or two good three-line
Parts were neither drawn, nor started to be drawn more quickly than
figureg without one or two good three-line parts. Evidence has been
Provided that subjects are responding to stimulus features not accounted
for in the construction of fiqures with good three-line parts. Although
these figures are not as a group drawn more rapidly, the study has shown
that the good three-line parts themselves to tend to be drawn in an
uninterrupted sequence as a unit, and these units are drawn more rapidly
than the remaining three lines in the figure. The pattern of findings
that emerge from these individual analyses are that good parts tend to be
Percejveq and drawn as such, but the speeded starting and drawing of
fig“res is influenced by other stimulus features. The hypothesis is also
Advanceq that the planning of a strategy for reproducing each stimulus
takes Place before the copy is commenced. The hypotheses derived from
Palmer (1977) concerning the faster perceptual manipulation of figures

w ;
lth good parts have not been supported in a copying task.

Subsidiary analyses in the study have shown that stimuli with two
“Mpounqg lines or with global symmetry in the vertical or horizontal axis
teng to be drawn and started more quickly than remaining figures. As
these two categories are not mutually exclusive in the figures used in
his Study the majority of stimuli are included in both of these groups.
¥ further more controlled study would need to be carried out to determine
which Oof these two stimulus features was the more influential. Only one

£4
Sure included in either of the two compound line or symmetry groups, the | 7]

£y
Jure, had been originally defined as having a good part using Palmer's

Mo
dified method. This finding shows that features of the complete
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Stimulus, as well as parts that are formed from configurations apart from
those consisting of three lines are responded to in either or both of the
'PrOCessing' and drawing elements of the copying task. Although these two
aSpects of the same task may employ different skills and be differentially
affecteq by stimulus features, these two elements do have a level of
Mitual influence. The time spent before starting a reproduction may
involve planning that considers the strategies for the ordering, direction
ang combination of individual strokes or parts, and whilst engaged in the

actual drawing task continuous or intermittent wvisual and motor feedback

is Present.

The extent to which stimuli may lend themselves differentially to
these two aspects of the copying task is worthy of consideration. Most of
the figures that were started quickly were also those that were drawn
quiCle' which may imply that subjects are planning a potential drawing
bPath through the figure in the time before the reproduction commences.
TherefOre the stimuli with easier and faster paths need less time for
these Paths to be formulated and are hence commenced more rapidly.
Exceptions to the pattern given above do however exist; although the t><
fig“re is the second fastest of the sample of twenty to be drawn it is
only the eleventh fastest to be commenced. A further study with a greater
level Of control over the stimulus features that have retrospectively been

o
Und to pe of importance would be needed to define which figural features

aj
d the perceptual, rather than the motor aspects of the present task.

By definition, Palmer's (1977) figure construction framework cannot
Ccount for global stimulus features such as symmetry or enclosure in the
figure as a whole. This is due to the fact that his method of part
goodness rating assigns values to pairs of lines, and enclosure, for

ex
WMple, g not a property of a pair of lines. Although several stimuli
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With good triangular parts were derived in both the original and the
Present studies this was because each pair of part lines ('within-group
elements') had high values on each of the goodness rating dimensions, and
thus it was not the enclosure per se that was being selected for. The
Present study has shown that some global stimulus features that cannot be
ACcounted for in Palmer's method of good part evaluation are of influence

in a reproduction task.

Stimulus categorization in the present study also excluded any part
that Possessed anything other than three lines. Only one of the figures
With a square part,/ﬁq was included in the G figure category, but this
haq been included because of the high proximity and connectedness scores
°f a three-line intersection ( -] ). This limitation was necessary in the
Present study to test directly the appropriacy of Palmer's findings to a
coPYing task, where only three-line parts in six-line figures had been
®Mployed. The framework from which the stimuli were derived in the
Present and original studies is, however, seen as a valuable one and used
e two further studies in the thesis. From this sixteen-line framework

Btimuli can be derived that can be controlled for the number and structure

i Component lines in a complete figure or in a designated part.

Two further aspects of the present study that are worthy of future
atte“tion concern an examination of copying accuracy as a function of
contr°1led stimulus complexity and the interaction of the use of
directiOnal drawing rules and stimulus features. Accuracy of reproduction

38 not been examined in the present study; adult subjects tend to copy
ity Very few mistakes in a simultaneous copying task, and no serious
rePr°duCtive errors were noticed in the present study. Further

e
xami“ations of reproductive accuracy in the thesis benefit from the

Co
nsisteht, controlled stimulus framework shown to be of value here. The
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interaction between drawing rules and stimulus features has been briefly
€Xamined in this study, and is analysed in future studies with respect to
the €xXtent to which simple directional rules are employed when drawing
Outstanding stimulus parts. The extent to which combinations of stimulus
lines emerge as a part may be influenced by the levels of directional rule

USe within the lines in question. This issue is also examined in due

Course,

The timed microanalysis of drawing strokes has been shown to be a
Valid and useful technique in this study, with the speed at which complete
reprOductions and individual lines are drawn being capable of being
Measureq to an adequate level of accuracy. The lack of support for the
Centra) hypotheses in the study helps to demonstrate the unique
Combinatjion of perceptual and motor skills that are employed in

reproducing geometric figure stimuli.
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Section A

Introduction

Study II has shown that adult subjects organize their reproductions
of geometric figures as a function of the presence within each figure as a
Whole of certain structural elements. Furthermore, speeded copying is
facilitated by different kinds of figures and by the use of 'efficient'
“OPying strategies. It was found that symmetrical figures and figﬁres

With two or more compound lines are both started and drawn more rapidly.

The present study employs child subjects to investigatelthe influence
i figural complexity on reproductive skills at four ages and in two
COPYing conditions. An additional part of the study (Section B) uses a
Smalley range of figures and a single age group to examine more closely
the different strategies employed when figures are correctly or
inc°rrectly copied, and to investigate whether any changes in strategy

w
ith age are present in the copying task.

To date, systematic examination of the development of accuracy in the
COPYing of non-representational stimuli has concentrated on obtaining
normative information about which stimuli can be successfully drawn at a
°®Ttain age (e.g. Ilg and Ames, 1964; Di Leo, 1971). A small number of
children's intelligence tests incorporate tasks involving the copying of
geometric figure stimuli (as opposed to representational objects) within a
Tore 9lobal measure of development. The tests include the‘Frostig Test of
Visual Perception and the British Ability Scales. Both the Bender Gestalt

oat and the non-developmental Memory-for-Designs test (Graham and
Rendalli 1946, 1960) examine qualitatively the reproduction errors made by

s A
ubJeCtS suffering from neurological damage. The McCarthy Scales of
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Children's abilities analyze both qualitatively and quantitatively the
Teproductions of a series of stimuli (O, | ,— , 1, X .® 8,/ 7.
Which are included in both the Perceptual-Performance and Motor scales and
in the 'General Cognitive Index'. With the exception of Graham and
Kendall's test, these examples of the formal analysis of the copying of
Non-representational stimuli involve copying the stimulus whilst it

r . y .
€Mains in view and without a memory component.

Why should copying become more accurate as the child gets older? To
dttempt to answer this question it is necessary to view the ability
Yeproduce graphically in a wider context. Even if one perceives copying
a8 a Unique skill, it does contain a combination of perceptual and motor
elements found in other related tasks. For example, similar
percePtually-based tasks include simple figure discrimination, and the
®Ontrolieq movement of the pen of pencil in drawing or copying is in
itself an example of fine motor control. As the section entitled 'Skills
Related to Copying Ability' in the Literature Appraisal, and in particular
the Study by Birch and Lefford (1967) have both ;oted, there is an
essential link or 'integration' between the perceptual and motor process
in 4 Copying task. Therefore, from a theoretical standpoint it must be

a
SSumeq that as there has shown to be a maturational development of the

s
kilis comprising copying, the skill of copying itself will improve with

age,

A number of questions are asked in Study III. Firstly, although the
intelligence tests mentioned above find that children get better at
CODYing in the crucial early school years, is this improvement also to be
found in a gelayed copying task where the figures have to be memorized

Sfore being reproduced? Secondly, if an age improvement both with and

wi
thout a delay is found, how is it to be explained? Furthermore, why
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shoulq copying be more accurate when there is no delay between the
Perception and reproduction, especially when, as in the present study, the
delay between these two activities is kept to a minimum? It is the fact
that children may have poor structural representation that predicts that

they will perform worse with a delay.

Section B of the study returns to the issue of reproductive
Strategies in an attempt to explain how children actually tackle the
€opPying task, and the extent to which differences in strategy between two
different age groups can account for those in overall reproductive
accuracy. Section B also tests for differences in strategy as a function
ot Copying in the immediate or delayed condition, with the aim here to
test whether differences in the order and number of component lines in

Correct copies differs between the immediate and delayed conditions.

The systematic investigation in the immediate and delayed copying
®onditjiong requires that we control both for subject age and stimulus
c°mPlexity. Stimulus complexity is defined as the number of lines present
in Stimuli generated on a random basis from the framework used in Study
I, The number of component lines in a stimulus was found by Graham et al
(1960) to be the major determinant of figural complexity and hence copying
succeSS in a copying task using very young children between the ages of
EWo angq a half and five years. The stimuli in the present study contain

Stween four and seven lines, with the sole other constraints on stimulus
constrHCtion being that each component line must connect with at least one
°ther 1ine, and that no compound lines are permitteds This latter measure

a
g necessary as Study II has shown that compound lines tend to copied and

Pe
fCeived as single ones.
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The following hypotheses were tested in Section A of the study;

Older children will copy more accurately than younger ones.

Fewer correct reproductions will be made in the delayed condition than in

the immediate condition.

A 9reater number of simple stimuli than complex stimuli will be copied

Correctly,
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Method
Stimuly
A total of four stimulus figures at each complexity were derived

randomly from the figure construction framework employed by Palmer (1977).

These stimuli are given in Figure IIIa below;

Tigure 111a; The Sixteen Figure Stimuli used in Study III.

FOur~line figures: 6 _r“ N % Y

FiVe-lj_ne figures: r—J< S_ S/ E E'
Six~1ine figures: Sg/4 C:r4 LﬁF: Eﬂ<: E;—1

Seven~line figures: 2 l ‘:ﬁl % EZ SA

Copies of these stimuli were drawn and randomly ordered in a booklet
ac
Cording to the principles given in the Experimental Design chapter. One

bo
Cklet was given to each child in the immediate and delayed copying
conditions.

iccts

A total of 48 subjects were used in Section A; six at each age level

n ;
botn of the copying conditions. A between-groups design was employed
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to prevent any possible transfer effects between the two copying
Conditiong., Subjects from both sexes were employed, all spontaneously
Using their right hands when drawing, and all coming from a nearby Primary

School. Subjects within each of the age groups (henceforth referred to as

the Six, seven, eight and nine year olds) came from within the same
Classes at the School. This age range was chosen as it spans a crucial
Period of cognitive development in the child, and furthermore is one in
Which the subjects could be expected to gain expertise in a variety of

9raphjc skills. The mean ages and standard deviations of these groups is

9iven below in Table IIIb.
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Iéélg_lllb; Mean Apes and Standard Deviations of the Subject Groups.

Mean Standard Deviation

Immediate Condition

6 year old group 6:9 years 2.3 months

7 year old group 7:7 years %.2 months

8 year old group 8:8 years 2.0 months

9 Year old gr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>