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ABSTRACT

Chiidren, iz to 24 months of aqe,’were presented with three
tasks: two detour problems and a épatial task, Thé aim of
the study was to assess the pérformance on each task and to
consider the relationship between performance on the two
detour ptoblems énd tﬁe reiationship between spatiél knowledge

and detour ability.

The two detour tasks (the lever task and the bent wire task)
shared a common feature in that the object rather than the

subject had to be moved in the detour.

The results of the lever task indicated that age, experimental
group (three lever designs were used) and the sex of subjects
were influential variables, Analysis of the bent-wire data
showed that as hypothesised age was the most important
variable, accounting for qualitative and quantitative

differences in performance,

The results from the detour tasks were discussed with
reference to the attainment of skilled behaviour and the

relationship Dbetween cognitive development and detour

ability.

Spatial task results indicated that performance was related to
age and that the type of error recorded was also related to

the age of the subject.



The hypothesised relationship between the two detour tasks was
not supported by the data, Furthermore, the anticipated
relationship between detour ability and spatial knowledge

failed to emerge.,
These results were discussed in' relation to the issue of

developmental synchrony and the structuralist's view of

development.
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CHAPTER 1

INTRODUCTION

"Barriers interrupt, delay, or prohibit the attainment of goals or solving
problems.  They may be fences, screens, parts of interlocking puzzles,
or space. Somelimes barriers can be circumvented by taking a detour”.

(Davis, 1974)

Problems requiring detour solutions were amongst the first
formal tests of behaviour in nonhuman primates and many of
these early tests were then adapted for human subjects,

particularly young children,

The best example of this early work is that of Kdhler (1925)
who devised a number of tests that became the standard tasks

in investigating this aspect of behaviour,

In a series of experiments, Kdhler created a‘number-of pfpblem
situations where the simplest and most direct solution was
fhwartedtby introducing a'bafrier. The task désign‘éah be
contraétedzwith some ofkthe‘earlier work in this area (e.q.
Tﬁorndike, 1898) in that the subject was aliowed to view all

aspects necessary for solution,

Under the title of 'round-about methods', Kdhler described
tasksVﬁhose SOIutidn was achieved by‘circuitous routés. In
the first instance,.food was placed in fropﬁ of the subjéct
but direct access was denied by a Qrill andvto obtaip thé goal
thé subject ﬁust‘ nove arphnd thé 4barrier; Kahier

demonstrated that apes, a dog and a fifteen-month-old child



had little difficulty with this task,

Even when part of the problem was no longer visible, Kdhler
found that apes could still retrieve the goal, 1In this case,
the food reward was dropped from a room window and the animal
mﬁst leave the room, and the building, ‘to colleqt the reward.

This task was repeated successfully with a dog as the subject.

A slightly more complex problem involved a suspended, swinging
basket, which could not be reached directly, The solution
was to move to that part of the room where some scaffolding
provided a vantage point from which to catch the basket as it
swung past, Once again, K'o'hlér's apes had little difficulty
with this task.

The most often quoted of Kohler's experiments are those which
involve the use and manipulation of implements, Kohler
outlined a number of experiments which demonstrated that‘ his
apes were capable of using sticks (or combinations of sticks)
to pull food within reach, to retrieve food which is out of
reach by using a box for extra height, and to combine both
stick and box to retrieve a goal which was unobtainable by

using only one implement.

An additional complexity was added to some of these tasks by
incorporating the notion of intermediary goals. A typical
example of this type of task involved placing a food reward
out of direct reach and supplying the subject with a stick

which was too short to allow the retrieval of the goal. In



order to solve the problem the short stick must be used to
catch a larger stick which can then be used to retrieve the

food.

These detour tasks with intermediary goals highlighted the
individual differences in performance between the apes and
also led to the conclusion that as the difficulty of the means
to solution increased there was a greater tendency to try more

direct paths to solution.

An experiment outlined by Koéhler toward the end of 'The
Mentality of Apes' draws attention to the limitations in the
ape's ability., The problem required the animal to retrieve a
food reward which was placed in a three-sided box with the
open end facing away from the subject. A stick was supplied
to facilitate the retrieval of the goal, However, rather than
simply rake the food towards itself, the ape had to push the
goal away towards the open end of the box and then pull it
towards itself,

In contrast to all ‘the other detour tasks, this particular
problem proved to be more difficult, The majority of
responses involved direct approaches, raking the food towards
themselves even when it collided with the side of the box,
Some successes were recorded when the open side of the box was

placed at a 90 degree angle to the subject.

Kohler notes that the difficulty in solving this task arises

from the fact that the detour does not require the animal to



move but rather requires the goal object to be moved in a
detour while the animal's position is static. Guillaume and
Meyerson (1930) reported that only one of their chimpanzees

solved this problen.

K8hler repeated the above task with a twenty-five-month-old
child who, like the apes, was capable of making detours with
his own body, but the child also failed the task when the
detour had to be made by the goal object.

The use of barriers in these tasks resulted in subjects
adopting one of two approaches depending on the task. Firstly,
the barrier required the subject to move while the goal object
remained stationary and. secondly, the subject remained
stationary while the goal object had to be moved, A further
‘distinction can be made in the latter group since some of the
tasks requiring tool use (e.g. a stick or string) required the
object to be pulled or raked toward the subject and Kohler's
research shows that these tasks were solved by his apes., In
contrast, when the géal object had to be moved in a detour

away from the subject's body, performance levels declined.

The significance of Kohler's work was  not lost on
psychologists at the time, Spence (1937) provides a review

of animal research that reflects this influence.

For those psychologists interested in development, Kohler's
research provided a method of assessing the question of

increasing competence in human children.



The central focus of this research was to discover when
children could succeed on Kohler's tasks.  There was little
attention paid to the qualitative differences in performance
on the tasks (Alpert, 1928; Brainard, 1930; Harter, 1930;
Matheson, 1931; Richardson, 1932; Kellog and Kellog, 1933;

Sobel, 1939; McGraw, 1942; Ling, 1946).

The general conclusions from this literature indicated that
performance on barrier tasks improved with age and that those
~ subjects who failed on these tasks devoted a greater
proportion of their time to primitive reaching, The age of
subjects used in the above studies ranged from 7 months, in
Richardson's (1932) string-pulling study, to 6 years-of-age in
Harter's (1930) study. Sobel (1939) suggested that research
into childrens' performance on Kdhler's tasks should focus on
the  age group 18-33 months since this period coincided with

quantitative improvements in performance, -

The majority of this research failed to look at childrens!'
performance on tasks where they were required to move the goal
object in a detour before retrieving it. One exception to
this trend was Brainard (1930), who used his two-and-a-half
year old daughter as the main subject in a study replicating

many of Kohler's tasks,

Two results are of note from this work.,  In the suspended
basket task, the aim is to follow the rope that is holding the

basket up, release it and drop the basket to the ground.



Brainard's ° daughter had difficulty with this problen.
Initially, her attention was drawn toward the goal ignoring
the rope, and even when she turned to the rope as a means of
solving the task, a problem arose as to which direction the

rope should be moved in,

A common behaviour, displayed by Kohler's apes, is to pull the
basket directly towards oneself - a strategy which fails since
the basket hits the roof. The difficulty arises from the
fact that the attachment of the goal to the rope encourages
direct action, pulling towards oneself, while the solution
requires the awareness that in order to bring thé goal closer,

one must let it move in the opposite direction.

The second task performance of note concerns the 'open sided
box', Kohler's apes had difficulty in moving the goal object
in a detour since they had to move it away before being able
to bring it closer, Brainard's daughter, 1like the apes,
persisted in direct solutions, raking the object. toward
herself despite the fact that the path was blocked. However,
after some time had elapsed she succeeded and repeated her
success over several trials reflecting some understanding of

the problen,

Brainard's results support Kohler's earlier observations of
the difficulties created for subjects when the goal object
nmust be moved in a detour, Richardson (1934) supported this
arqument and introduced a 'new' task to this area, namely a

rotating lever,



The problem faced by subjects is that the desired object is
placed out of reach and can only be retrieved by rotating the
lever it is attached to. Turntables and levers have been
used by other researchers, for example, Drescher and
Trendelenburg -(1927)' used a turntable and found orangs,
chimpanzees and monkeys capable of solving the problen,
Guillaume and Meyerson (1931) used two sticks forming a cross
pivoted at the centre and their subjects, chimpanzees, were

capable of rotating and retrieving the goal object.

Richardson's lever was of a different design, a straight piece
of wood pivoted below its centre, Her results indicate that
42% of the oldest subjecté were successful: the study used
subjects from 28 to 52 weeks of age. Richardson argued that
success was dependent upon age, motivation and emotional
development. Furthermore, the behaviour displayed on the
lever varied with age; responses influenced by the visual
structure of the task were dominant in the younger children's
behaviour, e.g. scratching and poking at the lever with older

children pulling directly on the lever,

It was suggested by Richardson that the major difficulty posed
by the lever task was that subjects were required to move the
lever away from themselves in order that. the goal object

could be brought within reach.

Following a hiatus in the 1950s when the emphasis shifted
towards verbal and symbolic tests of problem solving (Duncker,

1959) there has been a re-emergence of interest:in barrier



tasks,

The use of barriers has once again required subjects to move
while the object remains static or alternatively to use some
tool that would facilitate retrieval of the goal, - A number
of studies have investigated the child's reaction to a barrier
blocking the path to a goal which has required either a manual
or locomotor detour from the subject to retrieve the goal
object (Bruner, 1970; Reiser and Heiman, 1982; Reiser, Doxsey,
McCarrell and Brooks, 1982; Lockman and  Ashmead, 1983;
Lockman, 1984; McKenzie and Bigelow, 1986), This research
has shown that manual detours are made before locomotor ones
(Lockman, 1984) and that manual detours are evident in the
latter part of the first year with locomotor -detours in
evidence in the early part of the child's second year. 1In
addition, there are suggestions that changes in detour ability
emerge in the second year. For example, shortest route
behaviour is a refinement in detour behaviour that develops in
the second year (Reiser and Heimah, 1982) and that some detour
tasks are not solved until the end of the child's second year -

(Reiser et al, 1982),-

Fitzpatrick (1978) and Bates, Carlson-Luden and Bretherton
(1980) adopted the alternative approach whereby subjects were
required to use tools to overcome barriers, The latter study
required subjects, 10-11 months-of-age, to retrieve a toy that
was out of reach by using a tool, e.g. cloth, string, stick
etc. The tool was either in direct contact or in close

proximity to the goal and the degree of similarity between the



goal object and the tool was manipulated by varying the colour

and texture of both items,

The results indicated that primitive tool use involves the
knowledge of how two distinct objects can be used to solve a
problen, However, the spatial configuratiog appeared to
enhance solution if a link was suggested between tool and goal
by having them touching, Willatts (1984) has also considered
the influence of spatial configuration between object and

support and the effect this has on means-end behaviour.

Fitzpatrick (1978) carried out a more detailed investigation
of the skill needed to use tools in the 16-24 month-old-child.
Subjects were faced with a number of barrier problems which

required the use of a stick or combination of sticks to solve,

The results from this study showed that age was related to
| success, older subjects havinq greater success, Furthermore,
.it was argued that the organisation of skill components was
more important than the appearance of any particular skill

when considering success on these tasks,-

Fitzpatrick had also manipulated the 1level of frustration
-within his design with the expectation that it would disrupt
performance, but the results did not support this hypothesis.
Increased frustrabtion resulted, on subsequent trials, in the

more effective use of tools,

While this resurgence of interest in barrier tasks has taken



place, Kohler's original finding of the difficulty posed by
moving objects in detours rather than the subject themselves,
has been neglected. Two exceptions to this trend have been

found, namely Koslowski and Bruner (1972) and Davis (1974).

Koslowski and Bruner (1972) adapted Richardson'g'(1934) lever
task resulting in a larger piece of apparatus with the lever
mounted on a table, pivoted at the centre and rotating through
360 degrees, Their results demonstrated that age was an
important variable in this task. Infants 18 months and over
were more capable of solving the problem, However, Koslowski
and Bruner were concerned with the qualitative differences in
performance as well as the quantitative aspects and they
argued that the strategies adopted in this task varied with

age,

The youngest subjects (12-14 months) used a greater number of
‘unsuccessful strategies.” For example, direct pulling,
reaching and moving the lever to and fro. - The middle age
group (14-16 months) used these strategies as well and in
addition, demonstrated an ability to partially rotate the
lever, The oldest subjects (16-24 months) used fewer
unsuccessful strategies and achieved more rotate and capture

solutions,

According to Koslowski and Bruner, an important step in
solving this problem is that the infants must combine two
pieces of information. - Firstly, the effect of their actions

on the lever rotation and secondly, the effect of rotation

10



upon the position of the goal object. It is the inability to

combine both aspects that results in failure on this task,

Once success is achieved, it is generalised to other similar
tasks and lever designs, However, there is no data at present
which considers the role that the design of the lever may blay

in the attainment of success.

The second barrier task which required the movement of . the
goal object is attributed to Davis (1957; 1974), The bent
wire task has been used by Davis and his co-workers in a
number of studies, The task involves the removal of some
goal object from a wire that consists of a number of 90 degree
bends; the complexity of the wire can be varied as can the
direction of solution, that is the wire end can be facing

toward or away from the subject.

’Davis used ten species of primate, including human children,
and one non-primate species and the results. indicated that
while detours may be learned by many species, they display a

considerable variation in performance.

The ability of the children to solve these detour tasks is of
particular - interest.  Davis quotes Whitecraft et al (1959)
where children ranging from 23 to 58 months of age were tested
on the bent wire task. Subjects aged between 36 and 58
months succeeded on all trials and errors were only recorded

for the 23-month-old children.

11



It was further noted that solution times varied markedly
across age groups. This was attributed to the facility of
older subjects to make and anticipate the appropriate
movements for solution, However, it must be noted that no
| detailed qualitative assessment of the subjects' actions were

made; the emphasis was upon quantitative measurement,

The bent wire task was used by Hollis (1962) to test a group ‘
of retarded children who were all non-verbal and contestable
on standard IQ tests. The performance of these children was
found to fall Dbetween that —of Davis's monkeys | and

pre-adolescent chimpanzees,

Davis noted that wire complexity influenced performance and
also showed that errors and failures increased when the goal
object had to be pushed away rather than pulled towards the

subject in order that the lure could be removed from the wire,

These two tasks, the rotating lever and the bent wire task,
have drawn attention to the difficulty created for subjects by
barrier tasks that require the object rather than the subject
to be moved in a detour, At present there is no research
which would allow us to compare performance on these two tasks
since the wire task has not been used onAcﬁildréh younger than

23 months-of-age,
The present study will address this issue of comparability

between these tasks using a sample of children 12-24 months of

age, - In addition, attention will be focused on the possible

12



qualitative differences in performance displayed on the wire
task and the influence of lever design upon success and
failure on the lever task; two issues which have been

neglected,

The majority of the pre-1950 investigations of barrier tasks
was concerned with the question of -whether children could
solve the particular task. There were few attempts to address
the theoretical issues that performance on these tasks raised
or to consider the relationship between performance on these

tasks and other aspects of development,

Exceptions to this general pattern did exist, For example,
Sobel's (1939) attempt to discover when a how ‘'insight!
developed, = given that K&hler (1925) believed - that some
'insight-like' process was needed to account for performance

on these tasks.

Few researchers have addressed the question of - detour
behaviour from a developmental -and:  theoretical viewpoint,

However, Piaget (1953, 1954) is an exception,

Piaget (1954) proposed that the ability to invent detours was
a major hallmark of the final stages of the sensormotot
period., The emergence of detour ability is closely linked
with the development of spatial knowledge, In particular,
the development of reversibility and associativity  are
relevant to detour undérstanding. The ability to reverse a

displacement and return to a starting point (reversibility)

13



and the ability to reach a given point by alternative routes
(associativity) are indicative of an understanding of spatial

relationships and are of obvious relevance to detour ability.

It is suggestéd by Piaget that associativity develops after
reversibility and that the former is evident in the stage 5
sensorimotor behaviour of children although limited by the
lack of representation resulting in detours that reflect the
disappearance path of the object. It is not until stage 6 is
attained with the child's ability to represent
inter-relationships between objects, with the self represented
as an independent object, that these specific limitations are

finally overcome,

The relationship between spatial knowledge and detour ability
‘has been noted by Butterworth (1983) and Lockman (1984)
produced limited support for this argument,  Reiser and
Heiman (1982) when investigating shortest route behaviour
arqued - that this behaviour emerged in the second year and
proposed that it developed form the child's ability to use a
~self reference, as opposed to an egocentric reference system
reflecting a change in awareness of the general properties of

space,

Wishart and Bower (1982) devised a three-cup spatial task
which they argued would give a more accurate reflection of the
child's understanding of spatial vrelations,,v Their results
‘indicated that egocentric errors, while declining, were made

by children all through the second year of life and they

14



interpreted this as support for the argument that
spatio-temporal identity rules are not attained until the end

of the sensorimotor period.

It can be argued that the improved performance on detour tasks
reflects the development of spatial knowledge and that the
performance on barrier tasks which require the object to be
moved in a detour will reflect these changes in spatial

awareness,

In addition to proposing a relationship between performance on
barrier tasks and the child's concept of space, Piaget has
offered a framework within which to consider the qualitative
differences in performance that some resarchers have found

between age groups (Koslowski and Bruner, 1972),

The transition from secondary circular reactions to tertiary
circular reactions implies that the child's behaviour in new
and novel situations will vary in the second year of life and
the analysis of behaviour in specific barrier tasks may

reflect these developments.

While Piaget has provided a framework for understanding detour
ability, it must be noted that its applicability has been

questioned (e,g. Lockman 1984),
Alternative explanations have been offered to explain the

variation in performance on the lever and bent wire tasks.

Koslowski and Bruner (1972) have arqued that the pattern of

15



results on the lever is a reflection of the process of skill
attainment, Similarly, Davis (1974) has proposed that bent
wire task results reflect the acquisition of skilled behaviour

rather than a sudden learning of the problem solution.

Koslowski and Bruner (1972) have suggested that the subject's
analysis of their task will influence performance and Bower
(1979a) has argued that the pattern of results reflects the
child's awareness of the INRC group properties of the lever
task, This is based upon Bower's argument stressing the

importance of repetition in development (Bower 1974b, 1876),

Aims and Hypotheses of the Present Study

The aim of the present study is to investigate the performance
of children, 12-24 months-of-age, on barrier tasks where the
solution requires the manipulation of the goal object through

space,

Two tasks, the lever task (Koslowski and Bruner, 1972) and the
bent wire task (Davis, 1974) require this type of solution and
will be used in the present study. 1In the case of the hent
wire task, this will provide the opportunity to assess 12-24
month infants on this task and will allow . a closer
kinvestiqation of those variables which influence performance

on the lever task.
Lever Task

From the work of Koslowski and @ Bruner (1972) it |is

hypothesised that age will be a major predictor of

16



performance, Age is expected to be related not only to
success on this task but also to reflect qualitative

differences in performance.

The assessment of qualitative differences will consider not
only actionsv direéted' at the lever but also.direction of
visual gaze during the task - an indicator which Abravnel
(1981) has suggested will show developmental changes and which
Richardson (1934) and Koslowski and Bruner (1972) noted as a

source of information, but did not investigate further.

It is expected that variations in lever design will influence
performance levels, The detailed designs are included in the
methods seption. - Guillaume and Meyerson (1931) employed a
lever with a cross-strut in their study of chimpanzees and
while Koslowski and Bruner (1972) argue that success in their
lever task led‘to generalisation to other similar tasks; there
is a lack of detailed information on children's performance on

alternative lever designs.

Bent Wire task

Davis (1974) noted that children over 25 months of age did not
produce errors on this task. Errors were recorded by
subjects aged 23 monfhs of age and to date thié’has been the
youngest sample tested on this task, Since the present
sample of children are aged 12-24 months, it is hypothesised
that performance will vary with age and that this variation
will be refledted in both quantitative and qualitati?e terns,

17



Following Davis's (1974) results, it is expected that
performance on the wire tasks will reflect various aspects of
wire design, that is, wire complexity and whether the solution

is 'away' or 'toward' the subject,

Piaget (1954) has proposed that perforﬁance on detour tasks is
based upon the child's concept of space, Therefore, Wishart
and Bower's (1982) three-cup spatial task has been adopted as
a means of assessing the subject's understanding of spatial

relations,

Spatial Task

Following the consensus of the 1literature on spatial
development, it is hypothesised that age will be a major
predictor of performance. In addition, Wwishart and Bower
(1982) noted that the type of error made on their three-cup
spatial task varied with age and it is hypothesised that this
pattern will be replicated,

A central tenet of the structuralist's view of development is
that performance across tasks will reflect the child's stage
of development. This arqument would propose that some degree
of relationship should exist between performance on the three

tasks,

If spatial ability is related to detour developments, this
should be reflected in the results, Furthermore, if the
qualitative approach to a task reflects the child’'s stage in

development, it can be hypothesised that performance on the

18



lever and wire tasks will reflect this similarity of approach

to novel tasks.
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CHAPTER 2

(i) METHOD

Desiqn

Infants were assigned to one of three experimental groups on a
random basis, All subjects were required to complete three
tasks -~ a spatial task, lever task and a bent-wire task. The
spatial task and Dbent-wire tesk were constant across
experimental - groups but the lever task varied. Three lever

tasks were used - standard, cross and covered lever,

Within each experimental group, subjects were allocated to one
of three groups depending on age, The age groups used were =

12- 14 months, 14 18 months and 18-24 months.

Procedure used was the same for each subject regardless of
experimental group. A counterbalanced design was employed to

neutralise any order effects between the three tasks.

Table 2a outlines the experimental design.

Table 2a - Experimental De51qn

Experimental Age Lever Bent-w1re
Group N=45 Group N=15. - Task Task . Spatial Task

12-14 months

Group 1 14-18 months Standard
N =45 18-24 months  lever .
wire 1-6 Spatial Task
- carried carried
Group 2 - 12-14 months ~Cross “out by " out b
N = 45 14-18 months  rever Y ALLY
| 18-24 months O ALL | o
| Subjects Subjects
Group 3 12-14 months  covered
N =45 @ 14-18 months = r1aver -

18-24 months

20



Subjects
One hundred and thirty-five infants participated in the study

(Males - 81, Females - 54). The age of subjects ranged from
12 months to 24 months, The mean age within each age group

was:

LA
"

12-14 months 13 3 1

14-18 months X = 16 3 2
18-24 months X s 3

21

Subjects were recruited from two main sources. Firstly, the
Déy Nurseries in the Glasgow reQion and secondly, Mother and
Toddler groups in both the Glasgow andlstirling areas, Methods

of contacting subjects varied according to the source,

In the case’of the Day Nurserxes, permission was obtained from
the varlous Strathclyde Reglonal Offlces to vis1t the
Nurserles and seek the co-operation of each Nursery. Once
this had been obtained the parents of each potential subject
received a 1etter askinq permlssicn to use thelr child in the
study a general outline of the study was included in this
letter and, if perm1551on was granted, the child was tested

3-4 days later,

Permission tc visit Mother and Toddler Groups was cbtained
from the relevant organiser and contact was made by the
experimenter with vpotential subjects and parents, If the

parents indicated their willingness to participate in the

21



study, they were contacted by telephone to arrange the date
and time of testing.

'
Twenty-three infants were excluded from the study due to
‘non-participation in the tasks, refusal to work with the

experimenter and, in one instance, illness,

For those subjects found in Day Nurseries, the experimenter
spent several days familiarising 'himself with the children
before any attempt was made to carry out the tests, The
tests were carried out in the Nursery with a Nursery Nurse

present, who was familiar with the child,

Those subjects found in Mother and Toddler Groups were tested
with a parent present. Occasionally, parents brought siblings
along and every effort was made to exclude these from the test

situation,
To counter-balance the possible differences arising from the
source of subjects, the experimenter ensured that the various

sources were represented within each experimental group.

Experimental Setting

The majority of subjeéts were tested at Stirling University in
a carpeted room with one large desk, two chairs and the
experimental equipment. . Dimensions of the room were 9 ft by

12 ft (approximately).

22



A video tape-recorder and monitor were located on the desk and
a video camera was positioned at the side of the desk., The
experimental apparatus required the usé of a purpose-built
table (see Apparatus Section) which was positioned against the

wall to limit the subject's movement,

When infants'were being tested in the Day Nurséry setting, a
quiet roomfwés obtained and obtrusive furniture was removed,
The room was one which would be familiar to the children in
the Nursery. The video equipment and experimental apparatus
were set up in the most unobtrusive way possible incorporating

a similar layout to the above room,

Apparatus

During the test session, the subject was required to tackle
three different tasks and the materials employed in each are

outlined below.

Spatial Task: This required the table (lever-table with léver
removed), three plastic disposable cups and several small
dolls which were brightly coloured and approximately 6 cms
tall. |

Bent-Wire Barrier Task: The material for this task was adapted
from Davis (1974). Six bent-wire shapes were used which
varied in terms of complexity, i.e. the number of turns, The
bhotograph shows the six wires used, Dimensions were 15-16
cms., for main centre stretch with each additional section

adding 5-5.5 cms. The wires were constructed from a light

23



alloy similar to wire coat-hangers in terms of thickness and

texture.

The bent-wires were supported by a standard science stand and
clamp and the ‘'lures' were five brightly-coloured shapes
(square, hexagonal, triangle)., The shapes were approximately
5 cms, in diameter with a centre hole of approximately 2 cms,
This centre hole was small enough to ensure that the lure had

to be manipulated around the corners of the wires.,
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WIRE-TASK READY FOR PRESENTATION TO THE SUBJECT
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Lever Task: The spatial and bent-wire tasks were standard for

all subjects., However, three lever tasks were used.

Lever Task for Experimental Group 1 (Standard Lever)

This design was based upon Koslowski and Bruner's (1972) 'lazy
Susan' apparatus. = The table top, common to all thrge levers,
was made of wood and measured 91 cms X 91 cms and was mounted
on adjustable legs which allowed the height to be set between
38-62 cns depending on the subject's height,

The lever was made of wood and ﬁeasured 87 cms in length, 9
cms wide and 1 cm thick., This lever was attached to a centre
board which measured 41 cms in diameter.  The whole
_ construction was attached to the table by a central nut and

bolt which allowed the lever to rotate freely,

Levervfésk for Experimental Group 2 (Cross Lever)
The table detéiled above was used but in fhis caéé the levef
was in the shape of a cross, Each part. of thé cross waé 87.5
cms long, 6 cms wide and 1 cm thick.-' The cross lever was

pivoted at the centre to allow rotation through 360 degrees,

Lever Task for Experimental Group 3 (Covered Lever)

Once again, the same tabie was employed for the basé. In
this task, the lever from kGroup 1 was used ~with two
modifications; Firétly,ka cover wés placed over the’lever.
This cover had a diameter of 67.5 cms and allowed 9.5/10 cms
of lever to protrude at each end. The cover did not

interfere with the rotation of the lever, It simply obscured
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the centre of the lever,

The second modification involved the attachment of a
T-extension on the far end of the lever, Due to the cover
stopping contact with tﬁe middle section of the lever, some
ald had to be provided to help subjects pull'the~}ever end
towards theﬁ if their reach was not long enéu§h.‘r.This
extension was 35.5 cms long, 3 cms wide, 1 cm thick and was
attached td the main lever with approximately 13 ocms

protruding from either side.

Levers 1, 2 and 3 were all pivoted at the centre by a nut and
bolt which allowed them to rotate fhrough 360 degrées. . Some
hard plastic was used as a washér'to\stop contact between

lever and table top since this would have inhibited’rotatibn.

All of the above descriptions are supplémented by photographs
of the apparatus, ‘ :

In addition to the main apparatus, several toys were used as
lures, The dolls for the spatial task and the coloured

shapes for the bent-wires have already been mentioned.

As well as these ﬁoys, humérous others'were ptésent and used
if subjects displayed a preference.‘ These included a set of
Russian dolls, small teddy-bear, yellow wooden car and several

small furry toys.
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THE STANDARD LEVER
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THE CROSS LEVER
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THE COVERED LEVER
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Procedure

On entering the experimental room, some time was allowed for
the child to explore the room and the materials that it
contained. The experimenter introduced the child to the toys
and encouraged the child to play on the  table which, at this

point, had no lever attached to it.

When  some rapport had been established between the
experimenter and the child, the ‘experimental tasks were
started, Order of presentation was predetermined by a
counterbalanced design to neutralise any possible order

effects,
The procedure for each of the tasks was as follows:

Spatial Task:  This was based upon a procedure outlined by
Wishart and Bower (1982) and invblved hiding a toy under one
of three cups. Thersubject was then moved resulting in ah
invisible displacement of the object which involved a change

in egocentric position of the object (Figure 2a),

In Wishart and Bower (1982), the subject.Vas_seated in an
aﬁparatus that allowed the child or the table to be revolved,
The present study involved moving the child around a fixed
table avoiding the use of any rotating apparatus sihce this
may have influenced performance on the lever task which relied

upon a similar movement.
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The experimenter and subject started at one end of the table
where the subject was shown that there was nothing under each

of the cups as it was placed on the table,.

The subject' was then shown the toy and with the child's
attention on the object it was placed under one of the cups,
The subject was then lifted around the table to their new

position and encouraged to retrieve the toy,

Due to the demands placed bn the child of completing three
separate tasks, only five trials were carried out. In all
five trials, the subject was moved 120° to either the right or
left of their starting position. The direction of movement
and the cup used to hide the object were pre-determined by the

experimental design,

The child's search for the hidden toy was considered
successful if the toy was recovered from the correct cup at
the first attempt. If the child lifted either of the other

cups an error was recorded,

Three categories of error were used.  Firstly 'egb error’
where an egocentric choice of cup was made and secondly,
‘other error' where the third 'Eup was chosen., The third
category of error used was termed 'failed', where the subject
moved towards a cup but failed tb lift it, A maximum of two
‘failed' category errors were allowed per child, This latter
category was used since the subjects were participéting in the

task by moving to a specific cup but failed to lift it. In
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contrast to this, subjects who failed to participate by moving
around the table or searching for the object were dropped from
the study.. In the event ‘of an incorrect response, the
experimenter encouraged the child to search under the other
cups or - the experimenter retrieved the toy :drawing the

subject's attention to it.-

The trial ended when the subject chose a cup or in the case of
the 'failed' category trials, when the experimenter considered
that the subject was losing interest, In the case of an
‘unsuccessful trial, for example where the child does not move
when encouraged to retrieve the toy, the experimenter spent
some time (approximately 30 seconds) encouraging the child and

then re-ran the trial,

Fiqure 2a - Three-cup hiding task with subject moved 120°
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Bent-Wire Task:  Six wire tasks were taken from Davis (1974)
and these varied in terms of complexity. . The degree of
¢omp1exity was a reflection of the number of segments that the
lufe had to'bé mbved in order to remové it from fhe wire,
'Easy' wire tasks 'c§nsistéd of two segments, 'médium'r,wire
tasks consiétéa of :threek segments and 'hafd' wi;e tasks
éonsisted of four segments, Two wire tasks were assigned to
éach of these categories, 1In addition to wire complexity,
Davis presented tasks on either the 1left or right of the
subject's midline and with the 'open' wire end either f?cinq

towards the.subject or away from thenm,-

In order that these variables could be included in the present
study, the two wires in the teasy', 'medium’ andv'hard' groups
were divided to allow ohe»tovbé preéen£ed>6n fhé éubiect's
left,’the othér on thébsubject's rigﬁt and ohe wifh tﬁe 'opéﬁ'
wire endrtoward the subﬁeét and one ﬁith 'open; wife end’aVay

from the subject.
Each Wiré could therefore bYe éategbrised 'according to

complexity, left or right presentatioh, or toward or away from

subject. (See Table 2b),
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Table 2b =~ Wire Task Categories

Degree of Direction of Left/Right
Wire Difficulty |’open'’ wire end Presentation
1| Easy . Toward  Left
2=» Easy j "Away | h Rioht
3 | kMEdium - ’Toward Right
| 47. | Hediumrk | Away - Left
5;' Hard Away Right
6 Hard Toward left

Each subjectr attempted ali hvire tasksb and the order of

presentation was randomlsed The subject was placed at one
| end of the table and the science stand holdlnq the bent-w1re
was placed in front of them. Once the stand and wire were in
posxtion, the experlmenter showed the lure to the subject and
once the chlld's attention was on the lure, it was placed on
the w1re. It was poss1ble for the experimenter to place the
lure on the wire using his hand to hide the exact movements
required. Wlth the lure in position, the subject was
encouraged to retrieve’it. However, if the ch11d was slow in
responddng; the experimenter would,spln the lure to attract

the child's attention to it.

Davis (1974) had 1mposed a t1me 11m1t on this task of 45

seconds. | However, due to the fact that the subjects in the
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present Study were younger than those in previous studies,

this time period was extended to 60 seconds.

If the child failed to remove the lure at the end of this
period, the experimenter would do so, obscuring the removal
;with'his hand, and aliowinthhe child to piay with the lute.
If the child successfully retrievéd ﬁhé lure, they were

allowed to play with it until the next task was ready for

presentation,
. Lever Task: Although three lever tasks were used, the
procedufe was the same 'in all cases. The table was

‘éositioned égainst fhe wallréo étbpksubjects movingkafound‘dné
side of the table, and the experimehter waskpositioned at the
other sidekof the subject in'an Attempt to 1imit movemenﬁ in
this direction. Iﬁ was intended that by limiting’the child's

movement, attention would be focused upon the lever,

'The‘subjéct was initially shown the lﬁres,vusually the Russian
dolls, and when the child was particularly involved with the
toy, it‘was'removed and‘plaéed on the far end of the lever,
‘The subjectkﬁas‘then'éncouragéd to retrieve the toy with the
: expe;imenter drawing attention to the lever end closest to the

child by gently tapping it up and down.,

Five trials were carried out with no fixed time period on any
‘trial. - In those instances when the lever had to be moved,
:e.g. returnedyto starting point, then every attempt was made

to do so without the child attending.
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Upon successful completion of a trial, the subject was allowed
to play with the toy and if the child was nbt able to retrieve
the toy, the experimenter would do so and allow the child to
play with the lure before commencing the next trial.

Failed trials ended when the subject stopped trying to
retrieve the goal, e.g, by moving away from the table, The
experimenter encouraged the subject to continue by tapping on
the lever, pointing at the goal and wusing verbal
encouragement, If this failed to bring the child back to the

lever the goal was retrieved by the experimenter,

In all cases at least one attempt was made to encourage the
child to return to the task and inspection of video tapes at
the end of each day's testing ensured that similar

encouragement was given to all subjects.

Parents were instructed not to intervene during the testing of

their child. This instruction applied to all experimental

tasks,
Camera
v.T.
Recorder
Figqure 3a - experimental room
layout. During the spatial
Low |Experimental task the table was moved into
Shelf | Toble the centre of the room and
: : - the camera angle was suitably
* Experimenter| adjusted. \
*child ' |
* child's
Caretaker Door
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(ii) ANALYSIS OF DATA

Lever Task: ~ The initial analysis used Koslowski and Bruner's
(1972) classification of strategies, This required the
assignment of subject's lever behaviour to one of five

categories, The five categories are listed below,

Strategy 1: Linear Action, This . behaviour relies upon

direct approach, A variety of behaviours are encompassed in
this strategy; direct pulling on lever, direct reaching,
lifting 1lever, moving around to collect object. Also
includes some less-common behaviours, e,g. pulling on table,

sliding hand along lever,

Strategy 2: Oscillation. The subject moves the lever back
and forward across  their midline, with the additional
limitation that the lever is not moved more than 45 degrees

from midline,

Strategy 3: Partial Rotation, comprising of two features,

Firstly, the lever is moved more than 45 degrees but less than
90 degrees and then stopped. Secondly, the child does not
turn away immediately but rather looks at the results of their

efforts,

Strategy 4: Operational Preoccupation. .Child is capable of
rotating  lever but even though these rotations brihg goal

within reach, it is not retrieved,
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Strategy 5: Rotate and Capture. As implied in the name, the

child rotates lever and retrieves the toy,

Once the video tape had been analysed in this manner for each
‘trial, a subject profile could be drawn displaying strategies
used over all trials (See Appendix 1 for an example), It was

then possible to assess subject's ability by:

(a) noting highest strategy achieved on each trial

(b)  noting highest strategy achieved over all trials,

The direction of gaze during lever task was also analysed by
means of video tape and a simple data-logging programme
running on an Apple 1le. The Apple programme allowed a key
identifier to indicate a specific gaze, = For example, key A
~would be pressed when the subject was looking at his/her hand
on the lever, If gaze was moved to the object, key S was

pressed, cancelling the previous key press.

Pressing the first key activated a clock which recorded the
duration of the behaviour and the programme also produced a
breakdown of gaze direction during a trial in terms of
“frequency of occurrence, duration of occurrence, total time of
any gaze during trial, and‘the total percentage of trial time
spent on any specific ‘gaze.  An example of this data

print-out is provided in Appendix 2.

40



Categories used for the analysis of gaze direction were: -

Key Label - Gaze siqnified
A : hand
S | | object
D moving between hand and object
'F looking away

at experimenter

at mother

at lever or lever centre v

at cross strut (applicable to Group 2)

at lever cover (applicable to Group 3)

< B X 49 = @

break, not touching lever,
The above categories were used when the subject was in contact

~with the lever., In addition to this, a code was used at the

end of the trial to signify its outcome:’

~ Key Label Code . .

2 successful use of lever

X noves around table to collect

C | moves over table to collect

v lever moved and also moves around to
coliect.

B retrieved by experimenter,

The programme, as well as providing a record of gaze
direction, also provided solution times for those successful

subjects.
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Bent-Wire Task:  Video taped material was analysed in several
ways, Initially, the wire tasks were categorised by following
Davis  (1974). That is, each of the six trials were

classified as

(i) successful - object renoved from wire within time period
(2).  failed try - attempt to remove object failed, time
- expired

(3) failed - no attempt to remove object,

| If the trial was classified as successful, solution time was

noted,

~In addition, a behavioural analysis was carried out of
subject's response, The Apple 1lie programme outlined earlier

was used, with the following categories logged,

| Key Label Behaviour
) | spinning/hittinq the object
W - direct pulling on the object
E pulling the wire/stand
R to and fro movement of object
T ~moved once only and left
Y manipuiatinq lure around corners
U moved,to'end and back again.
I intentional co-ordinated removal of lure
0 ; accidental removal of lure
P . break, no action on apparatus.
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Category P was used when subjects were displaying none of the
other behaviours and categories I and O were subjective
decisions made by the experimenter in assessing the type of

solution achieved.

0, or accidental removal, was defined as removal of the lure
which resulted from spinning/hitting, from pulling the wire
itself or from removal of the lure when the subject was not

attending to it.

I, or intentional solutions, were characterised by the subject
attending to the goal object and manoeuvering the lure to the
end of the wire and removing it.

Spatial Task: The task was based upon the Wishart and Bower
(1982) three-cup- spatial task and over the five trials,

performance was classified as:

(1) correct where the subject retrieved the goal by lifting
the correct cup at the first attempt

(2) - error - errors were sub-divided into three:

(a) ego error, egocentric choice of cup
(b) other error, where the third cup was chosen

(c) failed, where the subject moved towards a cup but

failed to lift it,
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CHAPTER 3

LEVER TASK - RESULTS AND DISCUSSION

i ) RESULTS

The classification of behaviour displayed on‘thigktask,was
based upon Koslowski aﬂd Bruner's (1972) five strategies,
The’behaviour related to each strategy has been outlined in

- the Methods Section and the five strateqies are 1istedybe16w.

Strategy I linear action

Strategy II =~ oscillation

Strateqgy III partial rotation
Strategy IV operational preoccupation

Strateqgy V rotate and capture.

The results focused upon three main areas:

(a) The strategies used on the lever task

' (b) - Successful trials
(c) . Gaze direction during lever'manipulation.
(a)  The Strategies Used

The’main concern wasvwith the type of strategies employed by
subjects and the number of successes recorded by thém. The
noted number of successes achieved by each éubject was
analysed by analysis of variance ‘with age; experimental
group and sex as between subject factors and trials as a
within subject factor. o

The analysis produced a significant age difference (df, 2,

117; F = 15,40; p < 0,0001) a significant experimental group
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effect (df, 2,117; F = 7,72; p < 0.001) and sex differences

(df, 1, 117; F = 6,00; p < 0.02),

The significant age effect is the result of the superior
performance of the older children on this task, The
difference in performance between 12-14 ‘and 14-18 month
subjects, while indicating the superiority of the older
subjects, did not produce a significant difference [t(88) =
1,51; p > 0.1, two tailed]. The comparison of the 12-14 '
month and 18-24 month subjects produced a significant effect
[t(88) = 4,98, p < 0,0001, two tailed) as did the comparison
of 14-18 month and 18-24 month subjects [t(88) = 3,53; p <
0,001, two tailed])., These results indicate that the main age
effect arises from the contrast of the two youngest age groups

with the 18-24 month sample,

The overall age pattern was found within each experimental
group (Figure 3a) and of particular note is the failure of the
12-14 and 14-18 month covered iever subjects to achieve any
- successes: only 6ne other group is in this position, the 12-14

month standard lever females,

Comparisons of age performance within experimental groups
indicated that 12-14 monfh and 14-18 month standard lever
subjects' performance was not significantly different [t(28) =
1,98; p >'o.z, twovtailed] and the 14-18 month and 18-24
monthuperformance also failed to achieve significant levels
[£(28) = 1,28; p > 0,2, two tailed]. The only significant

age comparison in the standard lever group was between the
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Figure 3a overleaf
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12-14 and 18-24 month subjects [t(28) = 2.27; p < 0,05, two
tailed).

Comparison of performance within the cross lever group failed
to produce a significant age effect between 12-14 and 14-18
nonth subjects [t(28) = 1.18; p > 0.2, two tailed] but did
provide significant differences between 12-14 month and418-24
month subjects ([t(28) = 4.02; p < 0,001, two tailed) and
between 14-18 month and 18-24 month subjects [t(28) = 2.63; p

< 0,02, two tailed].

The significant experimental group effect reflects the
superior performance of the cross lever group subjects.,  The
cross lever group was shown, by t-test, to be superior to the
covered lever group [t(88) 3.84; p < 0, 001, two tailed] but
not the standard lever group [t(88) = 1.51; p > 0.1, two
tailed] and the standard lever group was significantiy Eetter
than the covered lever group's performance [t(88) = 2 55 p <
0, 02 two tailed] The major variation in peformance between
experimental groups arises from the poor performance of the
covered 'lever group subjects, in particular the 12-14 and
14-18 month subjects' failure to achieve success on this

particular iever.

The significant sex effect emphasises\the higher number of
successes recorded byjmale (; = 1,43) compared to female (x =
OQGS) snbjects. Figure 3a draws attention to this pattern
and to the sole exception, namely the female subjects in the

standard lever 18-24 month group. = The latter group's
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performance was not significantly higher than their male
counterparts [t(13) = 0,57; p > 0.5, two tailed]). The only
significant male-female difference to emerge within the
experimental groups was found in the 18-24 month subjects in
the covered lever group where male performance was
significantly higher than female subjects [t(13) = 2,17; p <

0.05, two tailed].

The ANOVA of lever successes also produced a significant trial
X age interaction (df, 8, 468; F = 5.,44; p < 0,0001)
suggesting that performance varied over the five trials for
each age group. Table 3a provides 'a summary of lever
successes on each trial and Figure 3b shows the number of

successes per trial for each age group.

Table 3a - Number of ILever Successes on Each Trial

Total Number of Lever Successes

|Trial Age (nths) Standard Cross Covered | Total
12 - 14 3 4 0

Tr 1 14 - 18 1 1 0 20
18 - 24 2 6 3
12 - 14 1 4 0

Tr 2 14 - 18 2 5 0 25
18 - 24 3 7 3
12 - 14 1 1 0

Tr 3 14 - 18 4 5 0 34
18 - 24 7 11 5
12 - 14 2 1 0

Tr 4 14 ~ 18 6 5 0 36
18 - 24 7 12 3
12 - 14 2 1 0

Tr 5 14 - 18 4 5 0 38
18 - 24 9 11 6
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Figure 3b overleaf
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An ANOVA of success on trial 1, with age, experimental group.
and sex as factors, produced a significant age effect (df, 2,
117; F = 3,24; p < 0.05), .Table 3b shows the means for that
variable and the higher 1level of success of the 18-24 month
group. However, the pattern of results for the 12-14 and
14-18 month subjects is reversed with the younger subjects

producing the higher mean score,

Table 3b ~ lever Success on Trial 1 within Age Groups

Mean Number of Lever

Age (months) Successes on Trial 1
12 - 14 0.15
14 - 18 0.04
18 - 24 0.24

The performance of Lthé 12?14 month sgbjects was shown by
t-test, not to be significantly higher than the 14-18 month
subjects [t(88) = 1,77; p > 0.05, two tailed], Figure 3c
illustrates the superior performance of ‘the 12-14 month
subjects compared to the 14-18 month age group within the
standard and cross lever groups, with the exception of the
12-14 month females in the standard lever group. Analysis,
by t-test, of this variation within experimenta; groups failed

to produce any significant results,
The analysis of success on trial 2 by means of ANOVA with age,

experimental group and sex as factors, failed to produce any

significant age differences although a  significant
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Figure 3c overleaf
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experimental group effect was found (df, 2, 117; F = 6,24; p <
0.01), The cross lever group performance was shown, by
t-test, to be significantly higher than the standard lever
group (t(88) = 2,51; p < 0,02, two tailed] and the covered
lever:group [t(88) = 3.,55; p < 0.001, two tailed] while the
standard lever group's performance was ‘not significantly
higher than the covered lever group [t(88) = 1,05; p >ﬂ0.2,
two tailed]. |

Figure 3d highlights this experimental qroup pattern and
indicates that the 18-24 month subjects' performance on this
trial is superior to that of the younger subjects in all lever
groups. The only significant age difference was at the
general level of subjects <classified by age alone,
irrespective of lever group or sex. The significant result
indicated that the 18-24 month subjects recorded a
significantly higher number of successes than 12-14 month

children on trial 2 [t(88) = 2.14; p < 0,05, two tailed].

On trial 3, older subject groups' performance was
significantly higher than younger subjects (df, 2, 117; F =
16,09; p < 0,0001) and this was replicated on trial ¢ (d4f, 2,
117, F = 12.,38; p < 0,0001) and trial 5 (df, 2, 117; F =
20,90; p < 0.,0001), Table 3c provides the mean success

figures for each age group.
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Figure 3d overleaf
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Table 3c - lever Success on Trials 3,4 and 5 for each
age group - -

Mean number of successes on lever
Age (months)
Trial 3 Trial 4 - Trial §
12 - 14 0,04 0.06 0.06
14 - 18 0.20 0.24 0.20
18 - 24 0.51 0.48 0,58

Analysis by t-test, showed that all comparisons between age
groups were significant with one exception, namely the trial 5
performance of the 14-18 month subjects was not significantly
better than the 12-14 month subjects {t(88) = 1,88; p > 0.06,
two tailed]. |

Significant experimental group effects were found on trial 3
(df, 2, 117; F = 4.,12; p < 0,05), on trial 4 (df, 2,/117; F =
8.44; p < 0,001) and on trial 5 (df, 2, 117; F = 3,72; p <
0.05), . In all of these trials the main éxperiméntal group
effect is due  to the significantly lower performance of the
covered lever group in comparison to either the standard or
cross groups., Comparisons of the standard and cross lever

groups' performance produced no significant differences.
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Table 34 - lever Successes on Trials 3, 4 and 5 for each
Experimental Group

Mean number of successes on lever
Experimental Group
Trial 3 ~ Trial 4 Trial §
Standard 0.27 0,32 0.33
Cross 0,38 0.40 0.38
Lever ‘ 0.11 0.07 0.13

' The final variable, 'sex, was’ also found to significantly
influence‘performance on trial 3 (df, 1, 117; F = 7,22; p <
0 01), trial 4 (df, 1, 117; F = 5,30; p < 0 05) and on trial 5
(df, 1, 117; F = 6.,33; p < 0.05), In all cases, the

performance of male subjects'was better than female sﬁbjects.

The analysis of success on each tr1a1 indicates that the trial
X age interaction is the result of the improv1nq performance
of the 14-18 and 18- 24 month subjects over the five trials,

while the 12-14 nmonth subjects' performance is declining.

The analysis of performance on the lever tasks is not only
concerned with the level of success achieved but also with the
use of the other strategies outlined earlier, Following
Koslowski and Bruner, (1972) subjects were classified
according to the use of 1ow! strategies (i e, strategies I
and II) and 'high' strategies (i.e. strategies III, IV and V)
with the implication that ‘a qualitative difference exists

between these two categories,
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The analysis looked at the number of high and low strategies
displayed by subjects over the five lever trials, The ANOVA
of'high strategy usage showed a significant age effect with
older‘subjects producing a larger number of these’strateqies
(af, 2, 117; F = 17.51; p < 0.0001) and the cr§ss lever group
subjedts showedv a significantly largef number’ of ;hese
strategies (df, 2, 117; F = 8,31; p < 0,001), A significant
sex effect was also found (df, 1, 117; F = 10.23; p < 0.01)
shoWing that méle subjects recorded a higher number of these

strategies.

The ahalysis of low strateqy performance produced the opposite
pattern to that found above, A significant age effect was
found bhut in this case the younger subjects produced ‘the
éignificantly higher number of fhese strategies (df, 2, 117; F
= 13,81; p < 0,0001) wﬁile the>experimenta1 group differenceé
shéwed a significéntiy higher number of low sfrateqieé for the
¢ovéred lever éroup, with‘the croés lever qrbup producihg the
ylowesﬁ number of this bafegory (af, 2, 117{ F = 8.16{ p <
0,001), The significant sex effect indicated that females
reéorded a significantlyrhigher nunber of lowlstrategy trials
(4f, 1, 117; F = 8.05; p < 0.01). | :

The procedure of combining stfategies into categories may be
obscuring tﬁe pattern‘bf use of any one strategy, especially
since the analysis of. success on the lever produced
significant age, experimental group and sex effects and this
may be influencing the present results. Therefore each

strategy was analysed separately by an ANOVA with
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the five trials as a within subject factor.

Strateqy I
The analysis of trials where strateqy I was the highest

strategy recorded, was carried out by means of ANOVA with age,

experimental group and sex as between subject factors.

The analysis showed a significantly higher number of strategy
I trials were found in the younger subject groups (df, 2, 117;
F = 3,26; p < 0,05) and that females produced a significantly
higher number of these trials compared to males (df, 1, 117; F

= 5,19; p < 0,03),

In addition, the analysis produced a significant age x
experimental group x sex interaction (df, 4, 117; F = 2,76; p
< 0,05), Figure 3e 1illustrates the source of this
~ interaction, However detailed\analysis’(t-test) within ~each
experimental group produced no results which contradicted the
age and sex pattern outlined above. In addition, comparison
of age group across experimental groups failgd to produée any
significant results indicating that no significant variation
in the use of this strategy was attributable to the various

lever groups.

No significant trial effects emerged from the analysis.
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Figufe 3e overleaf
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Strateqy II

The ANOVA, with age, experimental group and sex, as between
subject factors produced a significant age effect indicating
that younger subjects used this strategy more often than older
ones (df, 2, 117; F = 4,89; p < 0,01). In addition,
gcomparison across experimental gréups showed that 18-24 month
subjects in the standard lever group used this strateqgy
significantly more than the 18-24 month cross lever subjects
[t(28)’¥ 2.21, p < 0,05; two tailed] and that the covered
lever 18-24 month subjects used this strateqgy significantly
more than the cross lever 18-24 month subjects [t(28) = 2,73;

P < 0,02, two tailed],

The ANOVA also produced a‘significant'trial x age interaction

(df, 8, 468; F = 3,11; p < 0,002).

Table 3e details the number of trials Whére strategy Ii was
the highest£strategy displayed and ANOVAs of trial 1 and 2
failed to produce any siénificant results, Analysis of the
remaining three trials” produced ‘sighificant‘ age effects,
indicating that the 18-24 month subjects had fewer trials

where strategy II was the highest strategy used;
trial 3 significant age effect (df,2,117; F = 6,48; p < 0.01)

trial ¢ significant age effect (df,2,117; F = 5,71; p < 0,01) _
trial 5 significant age effect (df,2,117; F = 4,34; p < 0.02)
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Trial 2 failed to produce a significant age effect but did
show that on- this trial, significant experimental group
differences existed (df, 2, 117; F = 6,22; p < 0,01) and this
indicates the highest number of strateqy II trials recorded
within covered lever groups., = Comparison of the standérd and
covered lever groups' on this trial did not produce a
significant difference [t(88) = 1.84; p > 0,06, two tailed].

Table 3e - Trials where Strateqy II was the Highest
Strateqy Displayed

Trial Age (mths) Standard Cross Covered
‘ 12 - 14 3 1 4
Tr 1 14 - 18 7 4 3
- 18 - 24 3 2 5
12 - 14 4 3 6
Tr 2 14 - 18 3 1 8
18 - 24 3 0 4
12 - 14 5 6 5
Tr 3 | 14 - 18 3 3 6
18 =~ 24 1 0 3
12 - 14 7 5 6
Tr 4 14 - 18 2 4 2
o) 18 = 24 2 0 5
12 - 14 6 -4 4
Tr 5 14 - 18 3 6 5
18 - 24 0 0 4

Strateqy III

The ANOVA for this strategy, with age, experimental group and
sex as factors, produced no significant results, Closer
inspection of this data revealed a significant difference
between 12-14 and 14-18 month subjects [t(88) = 2.09; p <
0.05, two tailed] with the oldest age group recording a higher

number of trials with strategy III as the highest strategy
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attained.” This age group effect was examined within each
experimental group with only - the sfandard lever group
producing a significant result with the 14-18 month subjects
producing a higher number of strategy III trials‘compared with

~ the 12-14 month subjects [t(28) = 2.30; p < 0.05, two tailed],

Strateqy IV

The ANOVA with age, experimental group and sex as factors
produced a significant age effect with 18-24 month subjects
recording a significantly higher number of these trials (df,
2, 117; F = 4,08; p < 0,02), This effect was attribuﬁable to
the performance of the 18-24 month group since no significant
difference on strategy IV trials was found between the 12-14

and 14-18 month subjects,

In addition, a significant sex effeét showed that males
recorded a higher number of strategy IV trials (df, 1, 117; F
= 6,27; p < 0,02), This result is attributable to the
failure of any female subject to record strategy IV as the
highest strategy on a trial., This cannot be interpreted as
indicating the failure of females to display this strategy.
From the individual strategy patterns for each trial, females
were found to display this behaviour, ‘However, they
Ultimately removed the 1lure from the end of the lever
resulting in strategy V as the highest recorded strategy on
that trial. The result indicates that it was male subjects
who failed to remove the lure from the lever when it was in

reach,
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Comparison across experimental groups failed to produce any
significant results indicating that the type of lever did not
influence the number of trials where strategy IV was the

highest recorded strategy.

No significant trial effects were found with _this
analysis. |

The analysis of trials culminating in strategy I, II,.III or
IV emphasises the importance of age as an influential variable
on performance, In contrast, experimental group effects were
relatively low, strategy II frials providing the exdeption,

and this issue will be returned to in the Discussion,
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(b) -~ Successful Trials

The initial analysis focused upon the total number of
successes achieved but paid no attention to whether or not
subjects attained one or more successes from their five
trials, During analysis of the video-tapes, it was noted that
successes resulted in. surprise reactions from subjects and

given Uzgiris and Hunt's  (1975). arqument regarding the
repetition of solutions, the results were analysed to consider

this issue.

An ANOVA, with age, experimental group and sex as between
subject factors, was carried out on subjects achieving two or
more successful trials, A second analysis, using a stricter

criteria of three or more successful trials, was also carried

out,

The ANOVA with the imposed criteria of two or more successes
showed that the 18-24 month subjects' performance was
significantly higher than the 12-14 or 14-18 month groups . (df,
2, 117; F = 16.45; p < 0,0001), =~ This analysis also indicated
that subjects: in the cross lever group met this criteria
significantly more often than the covered or standard lever
group with the standard lever performance superior to the
covered lever group (df, 2, 117; F = 9,23; p < 0,001),
Finally, . the analysis showed that —males repeated their
successes on the lever trial significantly more often than

 females (df, 1, 117; F = 4.79; p < 0.05).

The imposed criteria of three or more successes produced a
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similar pattern of results to the above., A significant age
effect (df, 2, 117; F = 16.87; p < 0,0001) showed that older
subject groups recorded a higher number of repeated successes
-and the experimental group effect (df, 2, 117; F = 4.15; p <
0;02) showed that multiple repetitions were more common in the
cross leQer group and lowest in the covered lever group, The
| performance of males in . meeting this criteria was
significantly better than female subjects (df, 1, 117; F =
4.50; p < 0.05). Figure 3f illustrates the latter set of

results,

"In considering those subjects who achieve two of more
successes on the lever task, the issue of improved performance
between the first and last success arises., To assess this
aspect of successful performances, the lever solution times
were noted for the sﬁbject's first and last success, If the
subject's performance has impro?ed, then the last success .time
“WOuld be smaller than the first success tiﬁe. Thereforg, for
;each subject an indicator of improved performance can be
established by subtracting the first solution time from the
last solution time - if the answer produced is negative, then

the subject has improved performance,

The above calculation was carried out for each Subject with
~two or more lever successes, thus providing each child with an
indicator of performance improvement, An ANOVA was then
carried out to investigate the influence of age, experimental

group and sex on this variable,

59



Figure 3f (overleaf)
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The first ANOVA of performance improvement used the main terms
of age (14-18 month and 18-24 month subjects), sex, and
experimental group (standard and cross lever groups). The

analysis produced no significant results,

A second ANOVA with main terms age (12-14, 14-18 and 18-24
month subjects), experimental .group (standard and cross lever
groups) and using only male subiect’ data, produced a
significant experimental group effect (df, 1, 19; F = 5,35; p
< 0.05), The mean figure of -13,59 seconds for the standard
lever group indicated a significant improvement between first
.and last success compared to the cross lever éroup whére the
mean figure of 1,92 seconds suggested a deterioration in

success time between the first and last lever solution,

A more detailed comparison, by t-test, where all age groups
and male and female subjects were included, failed to produce

~any significant results,

Analysis of - subjects' first and last solution - time
independently, failed to produce any significant variation
‘that could be attributed to age, experimental group or sex.

The mean solution time for subjects with two or more successes
was also considered. An ANOVA with age (14-18 and 18-24
month subjects), sex and experimental group (standard. and
Cross lever groups) as between subject factors produced a
significant age effect (df, 1, 25; F = 8,01; p < 0,01) with

the mean solution time for 18-24 month subjects of 7.58
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seconds indicating their significantly faster solutions
compared to the 14-18 month subjects with a mean solution time

of 22,94 seconds.

A further ANOVA of mean solution times with age (12-14, 14-18
and 18-24 month subjects)‘ahd experimentél group (standar§ and
 cross lever groups) as between subject factors was carried out
using only male’subjgcts. Significant age differences were
found (df, 2, 19; F = 3,70; p < 0.05), The mean solution
times for the 12-14, 14-18 and 18-24 month subjects were 31,17
seconds, 21.70 seconds and 6,03 seconds, respectively, showing
_that the older male subjects' solutions were faster th&n their

younger counterparts,

No experimental group or sex differences wére found and
- further énaiysis (t-test) failed téiproduce any\siqhificant

fesulté;

Two finalyéspectsréf successful lever trials werekconsidered.
Firstly, whether or hof lever sudcéss ﬁaskpreééééea bfﬁthe use
of a lower strategy. From the individual strategy profiles
of each subject, it appeared that some children achieved
success without using lower strategies, Lever design has
been shown to influence performance in te:ms' of successes
achieved and it was decided to consider each experimental
group - separately. Tables .3f and 3g show the number of
successful trials that were or were not preceeded by a lower
Strategy in the standard and cross lever groups. Due to the

lack of success of the 12-14 and 14-18 month subjects in the
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covered lever group, this analysis was not carried out,

Table 3f - Standard lever Success and the use of Lower
Strateqies before Success

12 - 14 14 - 18 18 - 24} -
months months - months
Lower Strategy
|before success 6 14 7
Success without
lower strategy 3 4 21

‘ Table 3g - Cross lever Successes and the use of Lower

* Strategies
12 - 14 14 - 18 18 - 24
months months months
Lower Strategy .
before success 9 10 13
Success without
lower strategy | - 2 11 34

To analyse the data in;Table 3 byimeans of Chi-squared it was
Necessary to combine the 12-14 and 14-18 month age groups to
avoid more than 20% of cells having an expected frequency

below 5 (Siegel, 1956),
The results indicate that older subjects were more likely to

' succeed without using lower strategies on the standard 1ever

group' Xz = 13.26' p < 0;001.
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Analysis of the cross lever data showed that older subjects
were less reliant upon ‘lower strategies on successful trials
compared to younger subjects, x* = 11,43 p < 0,01, These
res.ults show that younger subjects, irrespective of lever
-task, relied upon the use of iower,strategies in successful

trials to a greater degree than the 18-24 month children.

The second and final aspect of the success pattern focused
upon the direction of solution, - The lever rotated 360° and
it was possible to solve the task by pushing the lever to the
left or right, the solution can be achieved by two alternative
paths, It is possible that subjects may vary in their use of
these alternative paths, Therefore, subjects with two or
more solutions were classified by age and whether or not the

solutions reflected the use of one or both solution paths, -

Table 3h - Subjects' Use of One or Both Directions in
the lLever Task

12 - 14 14 - 18 18 - 24

months . months nonths
One direction 1 5 16
Both directions| 2 K 9

An analy51s where 12-14 and 14 18 month groups were combined
to neet Siegel's (1956) criteria for Chi-squared failed to
Produce a significant result, X* = 2,18; p > 0.1, indicatinq

that there was no variation in lever solution direction that

was related to age.
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(c) - Gaze Direction during lever Manipulation

The - analysis considered the .directioh of visual  attention
while the subject was in contact with ‘the lever and the
measure of comparison was the percentage of lever manipulation
time with gazeldirected in a specific directibn. The most
common gaze directions during manipulation of the levewaere
the subject's hand, the object on the end of the lever and
visual attention which moved between hand and object. A number
of other categories of visual attention were recorded and

these will be returned to.

The 1initial concern is with the percentage of lever
manipulation time spent with gaze directed at the hand, the
object or between hand and object. . The analysis was carried
out on each of the five trials, It should be noted that the

t-test analysis in this section compares subjects who display
the gaze direction in quéstion and as such are a sub-sample of

those children studied,

- Percentage of lever manipulation time with gaze on the hand

Irial 1 |

An ANOVA was carried out with factors age (12-14, 14-18 and
18-24 month subjects), sex and experimental group (standard,

Cross and covered lever ‘groups). - No significant- results

emerged that were attributable to these factors from this

analysis, - ,,'However, comparison of 12-14 month and 18-24‘
- month subjects produced a significant effect, indicating
Younger subjects spent a higher percentage of manipulation

time displaying this gaze behaviour [t(46) = 2.37; p < 0,05,

64



two tailed]. A more specific analysis also produced a
significant difference between the standard and cross lever
qroups with standard lever subjects spending more of lever
manipulation time looking at their hand [t(48) = 2.23; p <

0.05, two tailedj.

No sex differences were found, However, the ANOVA did
produce a significant experimental group x sex interaction
(df, 2, 57; F = 3,30; p < 0,05) and this is attributable to
the variation in performance of female subjects between

- experimental groups.

Trial 2

- An ANOVA with factors age (12-14, 14-18 and 18-24 month
| groups), sex and experimental group (standard, cross and
covered lever groups) was carried out and a-significant age
_effect was found (df, 2, 52; F = 3,30; p < 0.05) and the mean
figures indicate that younger subjects spent a Ahigher
Proportion of -lever manipulation time with gaze directed at
- their hands,

‘A significant age x experimental group effect was also found
| (df, 4, 52; F = 2,56; p < 0.05) and this was attributable to
the standard lever condition.v The cross and covered lever
age groups reflected the age pattern obtained in the ANoOVA,
However, the standard lever age groups reversed this pattern
- with the 18-24 month subjects displaying a higher percentage
of lever manipulation time looking at their hands. Comparison

between age groups within the standard lever group failed to
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- produce any significant results,

Trial 3

An ANOVA with factors age (12-14, 14-18 and 18-24 month
‘s’ubjec.ts), experimental group (standard, cros:s‘ and covered
lever groups)‘ and using only male subjects prévided a
significént experimental group.effect (df, 2, 29; F = 5,43; p
<'0,01) and a significant age x experimental group interaction

(4f, 4, 29; F = 4.49; p < 0.01),

The experimental group effect indicates that standard lever
subjects spent a higher percentage of lever manipulation time
looking at their hand,  However, this result was based on

data collected from male subjects only.

 The analysis (t-test) where male and female subjects were

.included produced no significant experimental group variation,

The age x experimental group interaction indicates that for
the male subjects, the age pattern varies within experimental
groups. Within the cross lever group, the highest percentage
of time for this gaze was displayed by the 12-14 month and the
lowest by the 18-24 month subjects, This pattern was
reversed for the standard lever group, A closer inspection
of the data, including male and female subjects, produced no
significant age differences within the standard lever group,
Within thév'cross lever group, significant differenceg were
" found betwen the 12-14 and 14-18 month subjects [t(15) = 2.50;

P < 0,05, two tailed] and the 12-14 and 18-2¢ month subjects
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[t(7) = 3.08; p < 0.05, two tailed]. 1In both instances the
_ younger subjects displayed a higher percentage of time devoted
to this specific gaze. The covered lever group 12-14 and
14-18 nmonth subjects also produced a significant age
difference with thé' younger subjects . displaying a higher

- percentage of this gaze [t(11) = 2.52; p < 0,05, two tailed].

Trial 4

A detailed comparison of the percentage of manipulation tiné
spent looking at the hand on the lever was‘carried out for all
aqe, experimentaiy'group and sex combinations with no
Siqnificant results being found. The analysis of age groups

within experimental groups also failed to produce any

significant results,

: Trial 5 ] » o

An ANOVA was carried out w1th age (12-14, 14-18 and 13424
month subjects),' experimental grsnb (stsndsfd; crbss 'and
Covsred lenef qfoupssy and sex as between snbjeséy facfofsi
No significant results émerged,'and a more detailed (t-test)
analysis of the data failed to produce any significant

results,

Percentage of lever nanip lation time with gaze on the object

An ANOVA was carried out . for each trial and in all cases the
factors used in analysis were age (12 14, 14- 18 and 18-24
month subjcts), sex and experimental group (standard, cross
“and covered lever groups), For each trial, a significant age

effect emerged.
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Trial 1 significant age difference (df,2,78;F = 4.69;p < 0.05)
Trial 2 significant age difference (df,2,77;F = 3,20;p < 0.05)
Trial 3 significant age difference (df,2,75;F=10,96;p < 0,001)
Trial 4 significant age difference (df,2,75;F=9,28; p < 0,001)

- Trial 5 significant age difference (df,2,82;F=10,48;P < 0.001)

The table of the significant variable means indicates that the
same pattern of results emerged in a11 trials. The 18-24
month children spent the greaterb percentage of lever
manipulation time 1looking at the goal object while the
youngest age groups spent a smaller percentage of manipulation

‘time looking at the goal object,

ﬁowever; all comparisons (t-test) of 12-14 and 14-18 nonth
Subjects failed to produce‘any significant differences, while
in contrast, all the t-test comparisons of 12-14 and 18-2(
| ‘month and 14~ 18 and 18-24 month sub)ects produced significant
differences. This, along with Table 3n, emphasises that the
mean age effect arises from the contrast of the 12-18 month

subjects with the 18-24 month subjects,

Table 3i - Mean percentage of lever manipulation time with
gaze directed at the goal object

lage (months) | 1 | T2 | 3 | e | TS
12 -14 | 20,65 | 24.03 | 24,96 | 23.2¢4 | 22.1¢

14 - 18 21,30 | 26.51 | 29.1 | 30.19 | 25,08

18 - 24 33,69 | 42,93 | 50.06 | 50.55 | 47.63
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In addition to the above results, the analysis of trial ¢
produced a significant experimental group difference (df, 2,
75; F = 3,65; p < 0,05) and the pattern of means indicates
that the cross lever group subjects spent a higher percentage
of lever manipulation time with géze directed at the object (%
= 44.63) while the standard lever group (y = 31,81) and the
covered lever group (y = 25.67) spent a lower percentagé of
- manipulation time looking at the goal object, The only
significant difference found was between the cross and covered

lever groups [t(54) = 2,55; p < 0.02, two tailed].

FIt should be noted that the age pattern of gaze directed at
the goal object repeats the pattern that emerged for success
on the lever task, and in addition the experimental group
effect on trial 4 is similar to the experimental group effects
that emerged for the analysis of success on the lever task.
This pattern of results raises the issue of a reiationship

between this aspect of gaze behaviour and success,

Percentage of lever manipulation time with gqaze directed
between hand and object

Trial 1

An ANOVA with factors age (12-14, 14-18 and 18-24 month
subjects), sex and experimenfal group (standard, cross and
covered lever groups) was carried out and produced a
significant effect attributable to sex (&f, 1, 43; F = 5,82; p
< 0,05) with males spending a higher percentage of

manipulation time with gaze moving between hand and object,
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Closer inspection of the results produced a significant
difference between 14-18 and 18-24 month subjects with the
older subjects displaying the highest percentage of this gaze
(t(37) = 2.,13; p < 0,05, two ‘tailed]. In addition, a
significant difference emerged between the cross and covered
lever groups with the cross lever subjects producing the
highest percentage of this gaze [t(34) = 2.70; p < 0,02, two
taileqd).

Trial 2

An ANOVA with main terms as above failed to produce any
significant ‘ results, although a significant difference was
found between the cross and covered lever groups with the
cross lever subjects displaying the highest percentage of this
gaze {t(33) = 2.54; p < 0,02, two-tailed].

Trials 3, 4 and &

The analysis of these trials produced only one significant
result and that was on trial 5. A significant experimental
group difference was found between the cross and covered lever
' Qroups with thé cross lever subjects producing the highest

Percentage of this gaze [t(39) = 2,43; p < 0,05, two tailed),

‘The 'other’ gaze‘directions
It was noted at the beginning that other directions of gaze

had been included in the analysis namely 1looking at the
experimenter, at mother, at lever centre, at cross strut, at

“the cover and looking away. The analysis of gaze at

- experimenter, at mother and looking away failed to produce any
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significant differences between age, sex and experimental

group. -

The analysis of gaze at lever centre, at cross strut and at
cover were only applicable to specific experimental groups,
therefore the analysis of this data focused on within group

comparisons,

In the standard lever group, gaze at lever centre produced one
significant result from the comparison of 12-14 and 18-24
month - subjects [t(12) = 3.69; p < 0,01, two tailed],
indicating that older subjects spent a higher percentage of

“lever trial time looking at lever centre on trial 4.

The analysis of the cross lever group considered gaze at lever
~‘céntre and gaze at the cross strut, 1In the case of'gaze at
léver‘centre‘for trial 4, the comparison of 12-14 and 14-18
“month subjects produced a significant result [t(10) = 2.88; p
< 0.02, two tailed] indicating that the older subject group
spent a higher percentage of lever manipulation time
displaying this gaze, This pattern was also found for the
 12-14 and 18-24 nmonth subjects on trial 4 as well as with
Older subjects spending more time on this gaze [t(6) = 2.71;

P < 0,05, two tailed].

~ Gaze. directed at the cross strut produced significant
~differences on trials 4 and 5. In both cases the comparison
of 12-14 month and 18-24 month subjects resulted in the

significant difference on trial 4 [t(6) = 3.87;'p < 0.01, two
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tailed] and on trial 5 [t(6) = 2.59; p < 0.05, two tailed]
and the direction of result indicated that older subjects
spent a Thigher percentage of lever manipulation time

displaying this gaze.
Analysis of gaze at the cover produced no significant results,

The analysis of the gaze direction data, especially gaze at
.the object, | indicates a pattern of results ‘which oarallels
that of snccess. The obvious ’question is whether gaze,
assessed in terms of the percentage of manipulation time
devoted to a;specific gaze} is'related to snccess/failure on

. the lever task.

- The correlations (Pearson's r, two-tailed) considered subjects
who displayed a particular category of gaze behaviour and
correlated the percentage of lever manipulation time
‘displayinq ‘this gaze with success/failure on each specific

lever trial

Since the analysis has shown that the three yariables of age,
.erperimental group and sex have been related to oerformance,
the correlation analysis focused upon age groups within
experimental groups. However, the male-female-divide was not
made'giVen that this would reduce sample sizes to‘very small

lenels.

The correlation tables for the standard, Cross and covered

‘lever are presented in full 1n Appendix 3a, b and c. | The
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focus = of this section will be wupon the significant

correlations. .

Standard Lever Group

The correlation analysis produced few significant results,
Two significant correlations were found between percentage of
manipulation time gazing at thé object and success in .the'
12-14 month sample.’ on trial 1 (r = 0,7349; n = 12; p =
0.01) and on trial 3 (r = 0.6315; n = 11; p = 6.105) a
pPositive correlation between object gaze and success was
found, Only one other significant correlation betweén these
variables was found and that was in f.he 14-18 moﬁtﬁ subject
group on trial 4 (r = 0,7340; n = 14; p = 0.01) wvhere a

positive relationship was indicated.

Thé only other significant correlation on this analysis was
: be‘tw’een} percéntage of lever trial timé spent not'touching the
lever (i.e. breaks).  This result indiéatgd ~a negative
cérreiation bét&een 'Sreéks'z and suécess for ’the' 14-18t nonth

 subjects on trial 4 (r = -0.8173; n = 145 p = 0.01).

No significant corréiationé were found ‘in the 18-24 month’

~ subjects of the standard lever group.

Croés i.efrer Group

The majority of significant correlations were ‘foundu bbetween
gaze at object and succeés.n In the 12-‘14 mor}th ’ageflk group, a
s"ignificant positi\}é correlation gaze at object an§ success i‘s‘
found on't'rial 3 (r =I 0.7535} vn = 11;‘p»=> 0.92); | This

Positive trend in correiation between success and gaze at

73



object is continued in the 14-18 month age group where four
out of the five lever trials produce a significant positive

correlation:

Trial 1 r =0,7715; n = 10; p = 0,02

" Trial 2 r =0,6562; n = 14; p = 0,02
Trial 3 r =0,6586; n =11; p = 0,05
Trial § r = 0.6645; n = 14; p = 0,01

This pattern of positive correlation between object gaze and

success was continued in the 18-24 month subject group: .

Trial1 . r = 0,6593; n=11; p = 0,05
Trial 2 ~ r = 0,7233;

Trial ¢ . r

11; p = 10,02

o]
n

0.6958; n =13; p = 0,01
Trial 5 r =0,6196; n =12; p = 0,05

A number of other significant corfelations were found in this
analysis, Within the 12-14 month subject group, significant
pPositive correlations were found between hand-object g&ze and
success on trial 3 (r = 0,9306; n = 7; p = 0,01) and trial 5
(r = 0,8020; n =-9; p = 0,01), both results indicating that
Success was correlated with gaze time spent moving between

- hand and object,

The final afea in which significant correlations were found
 was bletween ‘breaks' in lever manipulation and success,
‘Significant negative correlations between these two variables

~ were found in the 14-18 month subjects on trial 1 (r =
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=0.7221; n = 11; p = 0,02) and trial 2 (r = -0,6187; n = 14; p
= 0.02) and also in the 18-24 month subjects on trial 1 (r =
¥0.6940; n = 11; p = 0,02), In all of these cases, the
direction of correlation implies that _the greater - the
percentage of lever manipulation time spent in: 'breaks', the

less likely subjects are to be successful.,

Covered Lever Group
Since the present aim is to consider the possible relationship

between success and gaze direction, the analysis in this group
focused upon the 18-24 month subjects since they were the only
ones to record any successes on this lever, Only two
significant correlations were found and both produced negative

correlations between 'breaks' in manipulation and success in

- the 18-24 month group,  On trial 1 (r = ~0,7439; n = 9; p =

0.05) and trial 5 (r = -0.6139; n = 11; p = 0.05), the
Correlation trend is similar to that: found between those

variables in the cross and standard lever groups.

The correlation analysis draws  attention, not only to: the.
Possible relationship between specific gaze direction and

Success, but also indicates possible experimental - group

variations.
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(ii)  DISCUSSION

’~The main hypothesis proposed that both age‘ahd experimental
group would be influential in predictimg performance on the
‘lever task, While no specific hypothesis was stated for the
ﬁhird variable, sex, the analysis indicated that the sex of

-the subject influenced performance.

The - results for each of these variables will be discussed

'separately.

‘Age
The analysis indicates that older subjects record
~significantly more successes than younger subjects, . This age
~ Pattern is reflected within each experimental group although
~ the main age effect arises from the contrast in performance of
Subjects in the 12-18 month range compared to the 18-24 month
‘old subjects. Mo significant‘variatién in performance was
"found between the 12-14 month and 14-18 month subjects,
However, the mean success figures indicate that the 14-18
ménth childrens' performance was better than the 12-14 month
groups, - This does not apply to the covered lever group where

‘neither the 12-14 or 14~-18 month old subjects recorded any

Successes,

Given that the procedure included repetition of trials, it is
not surprising that the results indicate an improvement in
total successes on subsequent task presentations., The trial
"X age interaction does indicate that the performance of the

"14-18 month and 18-2¢4 month subjects improved over the five
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trials .while the performance of the 12-14 month subjects
declined. = Repetition or exploration of the task did not
improve the 12-14 month subjects' understanding of the task

requirements.

- The highest success rates for the 12-14 month subjects was
Yecorded on the first trial and may have feflected the
subjects' motivation on this early trial which in turn
facilitatedAsolution. However, it was a success which was
hot repeated by all of the subjects involved., - Richardson
(1934) noted that some subjects followed a successful trial
" with failure and suggested that this failure may reflect a
| lack of motivation, Observation of the video tape indicated
that subjects were still attempting to retrieve the goal
- object in subsequent trials and this indirect measure suggests
that they were still motivated by the goal; it was the method

that was creating the problems.

An alternative explanation of the decline in performance of
tﬁe 12-14 month subjects is that their mutual' successes were
accidental, = Uzgiris and Hunt (1975) have .arqued that
repetition of the solution to a problem is necessary before
one can rule out ;ccidental‘ explanations.  The analysis
Indicated that imposing criteria of 'two or more' or 'three or
more'! successes showed that repetition of success was

significantly more likely in the older subject groups,

Koslowski and Bruner (1972) have argued that it is the younger

subjects'>reliance upon lower strategies that stops’them from
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Succeeding on this task and that claim received support from
the analysis of trials ending in 'low' or 'hi«jh' strategies,
Trials ending in f'low' strategies, strateqy I or II, were
significantly more 1likely to be recorded in the younger

subject groups.

A closer inspection of the strategies used showed that in ‘the
case of strategy I, linear action, significantly more trials
where this was the highest strategy recorded were found in the
Younger age | groups, This age pattern was also found for
Strateqy II, oscillation, However, a significant trial and
age interaction showed that in the early trials, no age effect
was found, In the later trials, namely trials 3, 4 and 5,
the significant age effect had emerged indicating that fewer
- trials ended in this strategy among the older subject groups.

It can be argued that in the earlier trials where all subjects
are unfamiliar with the lever that oscillation is a useful
~ Strategy when exploring the properties of the lever, - The
~ contrast between age groups lies in the ability to move on
~ from this limited strategy toward solution, This result also
Suggests that the ability to grasp and rotate the lever is
Present in all age groups but that this skill, while being

Necessary for success, is not sufficient, = -

Strategy III, partial rotation, was ‘not frequently recorded,
However, age patterns were found indicating that trials where
this strateqy was the highest recorded, were most common in

the 14-18 month age group.  Koslowski and Bruner (1972) have
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suggested that this strategy should ke viewed as an
intermediary step in solution., It demonstrates the subject's
ability to rotate the lever at least 45 degrees and as such is
@ step beyond oscillation, but still demonstrates a limited
- understanding of fhe rotational property of the lever. The
14~18 month subjects' success on the lever falls between the
12-14 and 18-24 month age groups, indicating that this group
ray be viewed as comprising of subjects whose ability is
‘intermediary and this may provide some support for Koslowski

and Bruner's argument,

The superior performance of the 18-24 month old subjects is
 reflected, not only in the . larger number = of successes
recorded, but also in the number of trials where strategy IV
~ Was the highest strategy recorded. This strategy showed that
subjects were capable'of rotating the lever to the extent that
’the goal came within reach, = However, the subject“fgiled to
remove the - goal object and rotated the lever away again,
Koslowski and Bruner (1972) suggested that  this- strategy
_ reflected the child's preoccupation with the lever, the goal

was forgotten about, Observation of subjects displaying this

 strategy in the present study indicates that they did not

ignore the goal, Instead they appeared preoccupied: with
their ability to move the goal either toward or.  away from

themselves,
The results support the argument that there was a qualitative

difference betwen the age groups in the ~way that they
approached this task. ~ This qualitative difference was also
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found when considering the successful solutions, There is
‘some evidence to suggest that older subjects were quicker in
solving the lever task. One explanation for this is found in
‘the fact that younger subjects were more -likely to precede
success with a lower strategy, indicating that their route to

success involved some degree of trial and error,

Multiple successes were more likely to occur in the older age
groups, However, repeated success was . recorded to some
degree in all age groups, It is possible that the repetition
of é success involved the subject repeating the previously
successful action pattern and if this were the case, the
~ solution would be in the same direction as previous solutions,
The analysis showed that in all age groups, multiple successes
- involved solutions to: both sides of the subject. = Those
Subjects who succeeded more than once, irrespéctive‘of age,
‘demonstrated their understanding that the lever rotated in
both directions and' suggests that repetitian of - success
‘reflects an understanding of ‘the task (Uzgiris and  Hunt,

1975),

The comparison of age group - performance - within - each
experimental group supported the pattern of results for
strateqy use outlined above.. - It should be noted, however,
that few of the within-group differences reached significant

levels,

The anélysis of within-group performance also drew attention

 to the variation in performance between experimental groups,
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particularly the results of the covered lever subjects,

Experimental Group
Due to the variation in lever design and the subsequent
demands placed upon the subjects, it was hypothesised that

pPerformance would vary between éxperimental groups.,

Support for this argument was provided by the analysis of
~ total lever successes, where the cross lever group recorded
the highest number of successeé fbllowed by the standard and
Covered lever groups. In the latter group's case, the 12-14

and 14-18 month subjects failed to record any successes.

The analysis of lever successes showed that no experimental
~9r6up differences were found on trial 1, after the first trial
experimental group difference were found on trials 2 to 5, The
Pattern that emerges from this data (cf, TébleISa in Results
Section) suggests that success was attained more readily on

the cross lever group with.a higher number of successes on
| trial 1, . though - not ‘significantly,\-while"on trial 2 a
significant experimental group difference had émerged
indicating the superior performance of the cross lever group.
By trial 3, the .standard lever ~group's - performance had
improved to the extent that the main.source of experimental
group differences was found in- the poor performance of the

Covered lever group subjects.

A closer inspection of the number of strategy I, II, III or IV

trials recorded failed to produce any significant results that
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were attributable to experimental groups. In the light of
 the success pattern, this result is surprisinq. Since the
covered lever group were producing fewer successes, the
expectation existed that they would have a significant number
of trials ending in other strategies, | It was only when
strategy . I and II were combined into the 'low strategy’
category that the results sho?ed the covered lever group had

significantly more trials ending in these low categories.

Support for the argument that the covered lever group subjects
- Were more likely to record 'low' strategies, was found on
trial 2 where a significant result showed that covered lever
subjects recorded more trials ending in strategy II compared

to the other experimental groups.

The most obvious .source of explanation for the  above
variations in performance is the design of the lever,  The
fact that significantly more successes were recorded on the
Cross lever and that this success pattern emerged after the

first trial, suggests that;this was the easiest, relatively,

- of the three lever designs,

It can be argued that if subjects used ' strategy II,
oscillation, on this lever, it brought the cross strut within
the subject's reach and by moving to the cross strut, it led
to the next step of capturing the goal,” The cross strut
facilitated success by becoming a  sub-goal or “intermediary

Step in solution of the task.
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- In contrast, oscillation of the lever in either the standard
or covered lever groups provided no‘sub-qoal;fo«the subject
and left them with a larger step between oscillation and
success, Some support for this argument comes from the
analysfs of trials ending in strategy II. The analysis of
tﬁe’total number of trials where strategy II was the highest
recorded strategy showed that in the case of 18-24 month
subjects, the cross lever group recorded fewer of these trials
compared to the standard and covered - lever groups, In
addition, a similar analysis on trial 2 showed that once again
the cross lever group subjects had fewer instances of this

trial ending with strategy II.

This pattern can be interpreted as providing some support for
‘the argument fhat cross lever subjects who displayed strategy
II behaviour were more likely to progress to a higher»strategy
‘and solution of the task.

Support for the arguments that the cross strut facilitated
| Success, can be found in the analysis of the multiple
| solution, Children in the cross lever group were more likely
to repeat their successes compared to the standard and covered

lever groups and repeated success was least likely in this

latter group.

While no experimental group differences were found when
considering mean solution times, the improvement between first
and last solution was greater, for males, in the standard

compared to the cross lever group. This latter result
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indicates that there was greater scope for improvement in the
standard - lever performance while the cross’ strut design
encouraged optimum solutions, as measured in solution time, on

the first successful trial.

If it can be argued that the cross strut facilitated solution
on the cross lever, the covér\placed over the standard lever
impaired performance, most notably in the case of the 12-14
and 14-18 month subjects, The introduction of the cover over
the lever may have influenced performance for a number of

- reasons;

(i) The cover could have distracted the subjects from the
lever, It was noted that during covered lever trials, several
subjects did attempt to lift or move the cover and in some
cases, subjects tried to look under the cover. However, this
”behavidﬁr did not stop subjects from touching and moving the

' lever itself;

(ii) The introduction of the cover could have made the task
mechanically more difficult compared to the standard lever. In
| - the case of the standard lever, subjects were able to use the
middle section of the lever to aid rotation. Koslowski and
Bruner (1972) had noted this route to success and subjects in
the present standard lever group also displayed this type of
- solution., The introduction of the cover imposes restrictions
on the means of achieving a solution. To solve the covered
lever task, it is necessary to move the lever 90 degrees. This

may -involve the child moving to the corner of the table to
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push the lever end to this position, then to move to the other
corner of the table to catch the added T-bar to pull the lever

and the goal into reach.

- Thus the addition of the cover may impose physical
restrictions that reduce the subject's chance‘of success or
which accentuates the need to understand the relation between
the two lever ends and this leads to the final explanation of

’ the role of the cover;

(iii) = By placing a cover over the standard lever, it may be
~that information required by the subject, especially the 12-14

and 14-18 month age groups, is being removed,

- Before exploring these issues further, influence of the

- Subject's sex on performance will be considered.

 Sex
While the analysis of results looked at the possible
:elationship between sex and lever performance, no significant
jvariation was . expected, Previous research on lever tasks,
Richardson (1932) and Koslowski and Bruner (1972), had not
recorded any difference between male and female subject
Performance, ~ Fitzpatrick (1978) in a study ‘of tool-using
skill in 16-24 month subjects, found some minor sex
differences Qith female subjects displaying 1less initial
',eXploration and taking‘longer to get involved in the tasks,
- Sex differences have also been noted in younger subjects with

barrier tasks and tool-using problems [Kramer and Rosenblum
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(1978); Bates, Carlson-Luden and Bretherton (1980)].

The present study produced a significant variation in
performance attributable to sex, Female subjects did not
record as many successes as male subjects and in addition,

male subjects were more likely to repeat their successes.

The analysis of‘success recorded on each trial showed that sex
differences did not emerge until trial 3, from which point
onwards male performance is sigﬁificantly superior to that of
the female. - The analysis also shows that female subjects
have significantly more trials where the highest strategy
recorded falls in the 'low' strategy category, i.e. strategies
I and I1I.

Analysis of strategy I trials showed that female subjects
recorded’significantly more trials where strategy I was the
highest recorded. The only other significant sex difference
’Was~found when analysing strategy IV trials, In this-case,
i males recorded more trials with this as the highest strategy.
‘Females failed to record any trials with strategy IV as the
highest trial, It should be emphasised that this does not
»méan that females failed to display this behaviour but rather
that any female subjects displaying strategy "IV ultimately

removed the goal and thus had the trial classified as strategy
, i

One possible explanation for the sex differences in successes

on the lever task may be found in Fitzpatrick (1978) claim
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that female subjects were less exploratory than males on
tool-using tasks. If female subjects failed to explore the
task and the properties of the 1lever, they may be less
successful, Kramer and Rosenblum (1970) presented subjects
with a frustrating barrier task and their results showed that
female subjects' capacity to maintain their interest in a

frustrating task was lower than males,

In the present study, no difference in interest was noted
between the sexes, However, if the task was frustrating, it
may have had an alternative effect. Fitzpatrick (1978) noted
that frustration on a barrier task may result in a regression
~effect where subjects resort to more basic strategies. The
analysis showed that females had more trials where strategy I
vwas the highest recorded strategy and given that - this
represented the most basic strategy, ‘it may provide some

support for Fitzpatrick's earlier findings,

An alternative explanation for this pattern of results may be
tﬁat the interaction between the male experimenter and female
Subjects influenced performance, There was no evidence from
the video-taped sessions that this was the case although it

~ remains a possibility.

At a more general level, it has been suggested that the
environment and experience of the input may be reflected in
intellectual . developments - and skilled action behaviour
(Yarrow, Rubenstem and Pédersen, 1975; Fischer 1980). However,

it has been shown that male and female infants experience
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varies, for example in the types of play activity that they
are involved in (Snow, Jacklin and Maccoby, 1983), and that
this may be reflected in the ‘infants' approach to new
situations, Parke (1981) has noted that mothers and fathers
differ in how much exploration they encourage in their
infénts, with males receiving greater encouragement for this
type of behaviour reflecting w;der sexual stereotypes. It is
possible that the variation in the male and female infants!’

experience is reflected in their performance on this task.

Previous Research on the Iever Task

Richardson . (1934) and Koslowski and Bruner (1972) have
investigated infants' performance on the lever task. The
results from the two studies are not directly comparable due
~ to variations in terms of subject's age, lever design used,

Procedural differences and contrasting test environments.

‘Richardson's work used a sample of 25-52 week old subjects,
approximately 7-13 months. 'The subjects were required to
manipulate the lever through the bars of a cot and the lever

used was pivoted below the centre,

The - pivot pbsition allowed some subjects to rotate the lever
by pulling the bar above the pivot point and retrieve the goal
object by acting in the same direction as the object was
moving,  An ability which subjects demonstrate in- string

~ problem solving task (Richardson, 1932).

In these circumstances, Richardson found that success before
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- 44 weeks was rare; while performance after this point improved
with age. - Of those subjects in the ~oldest‘iaqe group (52
weeks), 33% recorded successful performances on this task,
It should be noted that these results refer to only one of
Richardson's experimental,condiﬁions, namely where the infant
was required to rotate the lever before any demdnstration, and
this condition corresponds most closely with Koslowski “and

Bruner's (1972) work,

Richardson’s other experimental conditions, such as
demonstrating the lever movements for the child, did lead to
~ more successes but Richardson argues that the 40-44 week
pPeriod was the turning point ‘in performance even when

| Perforhance in other experimental conditions was considered,

Koslowski' and Bruner (1972) did not vary their procedure ‘and
focused on Richardson's first cohdition, presenting the
subject with the lever stretching away from them with the goal
attached on the far end., This is equivalent to the standard

lever design in the present study.

Koslowski and Bruner's work can be contrasted with
Richardson's study on several points., Firstly, there was no
obstruction between the subject and the lever. . Secondly, the

age range was extended to include 12-24 month old subjects,
| and thirdly, the lever was pivoted at the centre, which, due
- to the size of the lever, prohibited subjects from rotating
the lever by pulling on it above the pivot point'until they

had rotated it part of the way by some other means,
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The  results obtained = complemented Richardson's work,
indicating an improvement in performance with age. However,
-Koslowski and Bruner were concerned, not only with the
quantitative variation but also the qualitative aspect of
~ performance and they argued that the quality of the subject's
effortvaaried with age - a point which Richarﬁson refers to

in part of her analysis,

Some limited comparison between these two earlier studies can
be made if attention is focused on Richardson's oldest subject
group and Koslowski and Bruner's youngest age group, both fall
into the 12-14 month range, Richardson's study produced a
higher number of successful infants compared to Koslowski and

Bruner, 33% and 13% respectively,

These differences may reflect procédural variations between
Studies or the variation in lever construction and size, It
is possible that Richardson's lever, pivoted below the centre
and of a much smaller scale, influenced the success rate while

'Koslowski and Bruner's lever accentuated the need to move one

- end of the lever (and their hand) in the opposite direction to

the goal's movement,

This earlier work in conjunction with the present results
demonstrates the ability of infants of this age range to
perform on such tasks and supports the hypothesis that age is

an important variable when considering performance.

Of the three experimental groups in the present study, the
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~standard lever group can be compared with this earlier
research, although procedural variations mist be borne in
mihd. The results from this lever group's performance
reflects the earlier work of Koslowski and Bruner, with older
subjects recording fewer lower strategy trials and achieving a

higher number of successes than their younger counterparts,

In addition, the strategies outlined by these earlier
researchers were applicable to the performance of the present
subject group.  However, the incidence of strategy III was
lower in the present work compared to Koslowski and Bruner's
(1972) study. One explanation may be in the procedural
variations between the experiments, f In the presen£ study,
subjects displayed strategy III behaviour but were encouraged
: - to continue their efforts and may have moved opto a higher

‘strategy,  This may also explain the main point of contrast
bétween the present standard lever group's performance and
Koslowski and Bruner's work, namely, that at all age levgls, a
‘larger percentage of subjects achieve strategy V status in the

| Present study.

This increase in success levels could also be explained by the
major procedural variation between the two studies. Koslowski
‘and  Bruner  (1972) vrefer to their. trials - as . lasting
approximately 15-20 minutes, However, no detail is given as
to whether subjects witnessed 1lever movements by the
experimenter or whether a number of trials wre carried out
within this time period. 1In the present study, five trials

were carried out and subject's performance may have been

91



influenced by watching the experimenter move the lever between
trials., Richardson (1934) noted that this had some effect on
performance and while the present study took steps to minimise

this influence, it cannot be completely ruled out,

An alternative explanation for the improved performance of the
standard lever group may be in the change of age ranges .
between the studies, Koslowski and Bruner used three age
ranges 12~-14, 14-16 and 16-24 months while the present work
had age ranges 12-14, 14-18 and 18-24 months, = The improved
performance of the 14~18 and 18-24 month groups in the present
- study may reflect this change, although it fails to explain
the improvement in the 12-14 month age group.

It can be concluded that while the standard lever group's
berformance does vary from Koslowski and Bruner's study, the

overall trend of results are comparable, -

Visual gaze during lever manipulation

The two previous studies in' this area have focused upon

quantitative and qualitative aspects of performance and in

 reference to the latter, both studies have suggested that

visual gaze may vary between subjects while tackling this

problem and this in turn may be related to their performance,

‘Richardson (1932) -refers = to 'perceptual attitudes' in
describing the difference between subject's focus of attention
during a number of string problem tasks, It is sﬁqgested by
Richardson that subjects attended to varying aspects of the
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array; the object, the string, the relation between them and
this in turn reflected the subject's understanding of the
task. . For ‘example, a 'trial and error' approach was
‘accompanied by a 'perceptual attitude' where the subject
attended to the string and the relation between pulling on it
and the object's movement, vhereas a solution classified as
'insight' was accompanied by the subject attending to the

object. as it moved into reach,

Richardson (1934) had also suggested that subjects on the
‘lever task may focus their attention on the goal object and
ignore the lever, although her observations did not support

this suggestion.

- Koslowski 'and Bruner (1972) have also suggested that visual
gaze will reflect the subject's level of performance. - Bruner
hasl'proposed that perfdrmance on the lever task should bé
Viewed as the attainment of a skill, This process involves
- the acquisition of the component acts (modularisation) and
| while the individual components are being mastered, attention

will focus upon then,

While Richardson (1932, 1934) and Koslowski and Bruner (1972)
Proposed - that gaze direction may provide information in
relation to performance, neither study included this in their
analysis, The present study hypothesised that gaze differences

would be found although no specific arguments were propdsed.

The most striking result from the analysis of gaze during
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lever manipulation showed that on all five trials, the 18-24
 month subjects spent more time with gaze directed at the
object, The age pattern that emerged for gaze at the hand was

not as pronounced althouththefpattern that emerged showed
that the younger age groups spent more of the lever
manipulation time with gaze directed at the hand.  This age
pattern did not emerge in all trials and in some cases, this
result was reversed within specific lever groups. For example,
on trial 2, the 18-24 month standard lever subjects spent the

most time gazing at their hand on the lever,

The analysis of gaze moving between hand and object produced
few significant results that were indicative of an- age
pattern, The exception emerged on trial 1 where the 18-24
- month children spent a higher percentage of lever manipulation
time with their gaze moving between hand and object compared

to the 14-18 month subjects.

The analysis of the: other gaze directions produced mixed
results when considering age as the main variable, - In the
Case of the 18-24 month subjects in the standard lever group,
~ they spent more time looking at the lever centre when compared
‘with 14-18 month subjects on trial 4, A similar age pattern
was found in the cross lever group where 18-24 month old
subjects spent more time looking at the cross strut than their

12-14 month counterparts on trials 4 and 5,

Bruner's proposal that during modularisation the component

acts will take up the child's attention can be considered in
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the light of the data. It can be argued that the older
subjects, who are also the most successfu!% spend more of the
manipulation time looking at the goal since they have mastered
the skill of manipulating the lever, The corollary of this
WOuld be that youhger subjects would focus attention on other
parts of the lever, A degree of support for this is found in
the analysis of hand gaze where younger subjects focﬁs nore
attention on their hand, arguably a more basic component of
the skill of rotating the lever. However, this pattern is
contradicted by the 18-24 month standard lever group subjects
who spend more manipulation time with gaze on the hand
compared to their younger counterparts.. This latter result
~ will be returned to when considering the experimental group

variation,

Richardson (1934) argued that the major difficulty with the
lever task was the comprehension.of the relationship between

. hand and object movement, If this is an important element in
' :the solution to the task, the expectation exists that gaze
between hand and object may mirror the success pattern that
was found, Few significant results were found in this
analysis, the only significant result pertaining to subject's
age showed that the 18-24 month subjects spent more time on
this gaze than the 14-18 month subjects, ~ This pattern could
be interpreted as an indication that the 18-2¢ month subjects,
who were the most successful on this task, were not only aware
of the relation betwen hand and object movement, but that it
‘may also be related to their  success and may réflect the

child's understanding of the task reqﬁirements.
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Laszlo and Bairstow (1985) have argued that perceptual and
 limb movements ~illustrate the way that the” individual
investigates the world and also the way in which it is
understood. A similar point is made by Neisser (1976) when
‘proposing that we display cognitive control ovér our

perceptual processes,

Given a novel object, children and adults use their hands and
eyes in the process of exploration (Bushnell, 1981) and
developmental differences have been found in this process
(Abravanel, 1981), = Adopting this framework would allow a
| re-interpretation of the 18-24 month subjects' gaze between
~ hand and object. The fact that they spend more time on this

gaze may reflect their knowledge of the relationship between

- the two elements or at least the knowledge that the solution

‘tq the task is based upon this relationship. Similarly, the
pattern of results which shows that older subject groups spent
more of the lever manipulation time with gaze directed at the
lever centre and at the cross strut, may feflect the
importance of these areas as sources of information in solving

- the task, -

The issue of whether these gaze directions are related to
. success ‘will be considered later, For the moment attention
~will be focused on experimental group differences in visual

attention.

While gaze at the object produced a strong age pattern only

" one trial produced an Aexperimentaln group effect and this
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indicated that the cross lever group subjects, the group who
recorded the highest number of successes, spent.more time with
gaze on the object and the covered lever group recorded the
lowest amount of lever manipulation time looking at the
object, This lattér group were the least successful in terms

of the number of :lever solutions.

Gaze at the hand while manipulating the lever produced mixed
results with few experimental group effects, The standard
lever group subjects spent more time looking at their hand on
the lever than the cross group on the first trial and this
pattern was repeated for males on trial 3, . Trial 2 produced
an age pattern in results which showed younger subjects
spending more time looking at their hands, This pattern was
~only found in the cross and covered lever groups while the

standard lever group reversed this pattern,

The experimental group differences for gaze that moved between
hand and bbject were centred upon the cross and covered lever
~groups,  In three of the five trials, the cross lever
subjects spent more manipulation time with gaze moving between
hand and object when compared to the covered lever group.,  No
éignificant experimental . group differences were found
| involving the standard lever group. All other 'gaze direction

data failed to produce any experimental group effects,
- If gaze direction is interpreted as exploration of the task,

it can be argued that the variation in gaze between lever

groups reflects the varying demands of the levers,
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It was suggested that the covered lever task' may have been
‘difficult because the cover itself removed information from
the  subject. This information could have been about the
connection between the lever end and the goal or information

about the rotational property of the lever which may have been

~ gained from the lever centre,

’Unfortunately, there are no major results to indicate that the
covered lever group subjects' gaze patterns were significantly
different from the other experimental groups, In terms of
~ gaze moving between hand and object, the cross lever subjects
spent significantly more time looking between hand and object
‘than the covered lever subjects. This could indicate that
the cover obscured this relationship and would explain thé

poor quantitative performance of the covered lever group.

The analysis of the other gaze directions provides some
Support fo:: the argument that the cover removed information
that  helped subjects :solve the lever problem, = The cover
obscured the pivotal centre and in both the cross and standard
lever groups, age patterns or at least one: trial indicated
that the 12-14 month subjects spent less of the lever trial
time with gaze directed at this point, It was this age group
| which was least successful in both lever groups, while the
more successful 18-24 month subjects spent the most time
displaying this gaze. — Another source of information for the
cross lever ‘group was the cross strut and the analysis
" indicates that on those trials where significant differences

were found, it was the older subjeéts who attended to the
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cross strut movements,

Interpreting gaze direction as a reflection §f exploration of
the task indicates that older subjects have a different gaze
pattern than younger subjects, for example gaze at the objéct,
and that there is some variation in gaze between éxﬁerimental
groups. The question remains as to whether or not éaze

direction is related to success.

The correlation between gaze and success -was carried out
within each experimental group and the most notable pattern of
results shows that in the cross lever group, in both the 14-18
and 18-24 month subjects, gaze at the object was positively
~ correlated with success on four out of five trials, In the
~12-14 month group, only one trial produced a significant

Positive correlation between object gaze and success, - -

- This pattern of results supports the arguments presented
‘-earlier that the cross lever as the easiest lever task freed
the subject's attention to the extent that they could focus on
- the goal and its movements for most of the trial time, . The
fact that this pattern was not present to the same extent in
the 12-14 month age group, and that fwo positive correlations

were - found between hand-object gaze ‘and success, indicates

 that this age group required attention to other sources of

information while succeeding on this task.

The analysis of the standard and covered lever groups failed

- to produce any strong pattern of correlations between success
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and specific gaze directions, Significant  positive
correlations were found between object gaze and success on a
few trials and these were for the 12-14 and 14-18 month
standard 1lever group subjects, The fact that so few
significant correlations were found in the standard lever
group indicates that attention was directed towards a number
- of different aspects of the lever by those subjects attaihing

Success,

The correlation between gaze and success in the 12-14 month
‘tstandard group subjects, raiher than the 18-24 month group
contradicts expectations,  However, an explanation for this
could be the type of success that some of the younger subjects
recorded,  In some cases it was noted that success was the

- result of subjects pulling directly onlthe lever with gaze on

- the object. The child then moved one hand, and the pressure

still being exerted by the other hand spun the lever around
- While the subject looked at the goal; in essence an accidental

‘561ution;

No significant correlations were found in the analysis of the
~ covered lever group between gaze and success, thus analysis
focused only on the 18-24 month group since they were the only

age group to record successes in this task,

The only other significant correlations that emerged were all
negative in direction and indicated that breaks in lever
contact did not enhance success. A fragmented approach to

the lever task, stopping and starting, was more likely to be
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associated with those that did not succeed, Subjects who
 succeeded did so with fewer breaks in lever contact and tended
to be found in the older age groups in all experimental
groups, This group also had superior solution times indicating

a well CO-ordinated'solution strategy.

~The correlation between object gaze and success that emefged
in the cross lever group indicates the ability of the child to
spend more time looking at the object while continuing to
manipulate the lever, Millar and Schaffer (1973) have
proposed that attending to a goal object while manipulating
another object which influences the goal, requires the subject
" to rely upon stored information or to represent internally the
manipulation process,  While the present task does not have a
 distinct separation between the goal object and manipulation,
the correlations within the cross lever group indicates that
successful subjects need to pay less attention to the
manipulation process, However, since thils correlation is
limited to the cross lever group, the .specific lever task
‘demands influence, the extent to which the subject can
Separate attention between manipulation process and the goal

object,
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Theoretical Issues

‘One of the most basic questions regarding this task is the
infant’s understanding of the relationship between the lever
and goal object, The age difference in performance may be
réflecting an awareness of the lever and goal, Piaget (1953)

has arqgued that the stage IV infants do not fully understand
- the use of supports since they would pull on a cloth to
retrieve an object that was placed beside rather than upon it,
It is possible that the youngest subjects failed to understand
the role of the lever as a support and therefore as a means to

achieving an end.

Willatts (1984, 1985) has demonstrated that  9-month-old
infants have a well-developed understanding of supports and in
addition that they are aware of the distinction between the
support and the object, - This latter point is of particular
importance to the child's understanding of the goa141ever

relation.,

Bower (Bower 1977; Wishart & Bower, 1984) has proposed that by
~ Placing one object on top of another object results in the
- infants viewing the combination as a new entity; the original
| object by losing one of its boundaries has ceased to be viewed
.as 'a separate object.  If this is the case, 'it raises the
question of whether or not the subject manipulates the lever
as ‘a means of retrieving the goal object, which by being
Placed on top of the lever has iost its separate identity.

Studies referenced by Schuberth (1983) and Willatts (1985)
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: ’have demonstrated that by 6 months the object/support
distinction can be made and, given the age of the present
sample, it can be argued that the goal object maintained its

independent identity when placed on the lever,

Bower (1979a) has also argued that infants are not aware that
a moving object is the same object when it stops or that a
stationary object is the same when it moves, Given that the
‘lever moves the goal object through space, stopping and
starting at various points, the subject may be viewing a
- number of different objects when moving and stationary. 1If
this is the case, it questions the argument that the lever is
“being manipulated as a means to an end, given that the goal

object’'s identity is not static,

’Bower (197%a) has proposed that infants 5 months of age and
 V61der view objects as things that can move through space and
~ this results from the object's features assuming importance in

defining identity. Accepting Bower's argument would allow us

to conclude that in the present study, the age of the subjects
implies that they would attribute a static identity to the
goal object when moving or stationary. Criticisms of Bower's
argument, and the data on which it is based, have been made
but there has been no suggestion within them that subjects in
the present study's age range should experience difficulty in
identifying the goal as it moves (Schuberth, 1983).

~ Further support for the child's understanding of the

lever-goal relation can be found in the approach of many of
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the youngest subjects to this task, namely to pull directly on
the lever.  While this is a futile strategy it does indicate
an awareness of the lever goal connection, = Richardson (1934)
also noted this behaviour classifying it as a "good error"
since it demonstrated an awareness of the lever?goal

relationship.

Results from patterned-string tasks also attend to the fact
that infants are capable of comprehending the relationship
between two objects (Richardson, 1932; Uzgiris and Hunt,
1975),

The work on patterned-strong tasks and the use of supports has

demonstrated that infants are capable of pulling objects
tbwards themselves, Even when there is no direct connection
between the object and the means of moving it within reach,
infants have been shown to use tools in order to achiéve this

end (Bates et al, 1980),

Richardson (1934) has argued that the main difficulty with the
lever task is that the subject must discover the relationship
between the movement of their hand and the movement of the
| objéct.:‘ It has been argued that the process by which this is
~attained can be viewed as a developing skill ‘(Koslowski and

Bruner, 1972).
. The ability to solve the problem reflects the. level of

organisation of the component parts of this skilled action via

the process of 'modularisation’. ‘Eadh constituent element is
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mastered and refined and demands less of the child's limited
information-processing capacityA (Bruner 1970, 1973). The
child holding the 1lid of a box open to retrieve a toy inside
is often quoted as an example of skilled activity that
reflects the modularisation of the component acts.  The
unskilled child may repeatedly lift the 1id up and down
disregarding the toy inside and it is only when this acti?ity
can be performed smoothly that it will be combined with the

other elements necessary to retrieve the toy (Bruner, 1970),

‘Failure on the lever task therefore reflects the failure to
- organise the constituent elements of skilled activity into an
- appropriate sequence and  the present results would suggest
that this is clésely linked with age. This age pattern is
 ref1ected in the analysis of lever successes and in the
analysis of - highest strategy recorded on each trial.- The
improvements in performance over the fiveé trials could also be

interpretéd as support for this argument,

~ The analysis of mean solution time for successes recorded by
the children indicated that the older subjects' solutions were
‘significantly better than their younger counterparts,
| Interpreting the speed of solution as an indicator of skill
~ shows once again the superiority of the older subject groups,
The analysis of the time taken for the first solution that a
N Subject achieved did nof produce any significant results,
‘However,'the mean solution time for the first success of the.
18-24 month group of 16,7 seconds was below that of the 14-18
month subjects (25.8 seconds) and tﬁe 12-14 month 'subjects
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(37.2 seconds).

The improvement in solution time between the subject's first
and last solution failed to produce any significant age effect
and it can be argued that an improvement in skill would have . -

been reflected in=this analysis,

Two additional pieces of information may provide some support
for the argument of improved technique or skill in older
subjects, Firstly, the data shows that it is the older
subject groups who are significantly more 1likely to repeat
- their successes, The imposed criteria of 'two or more' and
'three or more' successes indicated that it was the 18-2¢4
month group who were recording the highest number of repeated
Success, This supports the argument that their orgﬁnisation
‘fof the component acts was superior tov.that - of younger
subjects, | Secondly, the analysis of Strategies used on
successful trials showed that younger subjects ‘were more
likely to use a lower strategy befére success, while
successful lever trials where no lower strategy was used, were
more often recorded in the 18-24 month group., = Success
 without displaying lower strategies implies that subjects are
able to recognise that retrieval of the goal is attained by

undirectional rotation and that the constituent elements of

~ this skilled action are organised to achieve this end,

The experimental group variation in success on the lever task
has already been noted, showing that the cross.lever group

recorded the highest number of successes and the covered lever
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group the lowest number,

In addition, the analysis of improvement in solution time
 between - first and last solution showed a significant
improvement in the standard lever group performance compared
to the cross lever group. An explanation for these results
has ' already been outlined, thé demands of the lever  task
differ and the cross lever, with its subgoal, is not only
easier to solve but the improvement between first and last
success is‘less marked since the technique of rotating the
‘lever is not improved upon, In contrast, the standard lever
r'groué represents a more difficult task and the means by which
- solution is achieved, can be refined to a greater extent, It
is the scope for ‘improving the technique in rotating the
standard .lever that explains the significant difference on
improved solution time that exists between the standard and

Cross lever groups.

The performance of the covered lever subjects draws attention
to the 1limitation of viewing this task ' solely from the
perspective of skill attainment, = The addition of the cover
does not interfere with the basic skill required to solve the
task, However, it influences performance to the extent that
"12;14 and 14-18 month subjects fail to tecord‘any successes
‘and fewer 18-24 month old subjects record successes on this

- lever compared to the other experimental groups.

The cover did not stop or distract subjects from using the

‘lever but influenced the type of strétegy that was used, that
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is 'low' strategies were most common,

The failure to move beyond these low strategies could ke a
reflection of the physical restrictions that the cover
imposed. For example, the centre board of thevstandatd lever
was not available to helping rotation of the lever., This by
itself seems to be a poor explanation for the failure of 12-18

month subjects to record any successes on this task,

Koslowski and Bruner (1972) argued that the progression to
higher - strategies depended upon  the subject!s level of
motivation and the ability to analyse the task.

Richardéon (1934) also noted that motivation will influence
performance, In her wofk she found some subjects who
recorded one lever success but then failed to repeat it; this
- was intefpreted as reflecting the ' subject's lack of

motivation.

Explaining the results pattern of the covered lever group by
arguing that they were  less motivated than the other
experimental groups implies a bias in the allocation of
| subjects, . - Assuming that the subjects were motivated, and
their behaviour indicated this, but that this was coupled with
a lack of success, it could have led to frustration, It has
| been demonstrated that frustrated subjects resort to more
‘basic strategies ; when confronted with a barrier task
(Fitzpatrick, 1978) and  this may account for the 'low’

strategy pattern in this group.
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While part of the experimental group variation could be

- explained by reference to the physical constraints of the

covered lever group or the effect of frustration, a third
possibility exists, The ability of the child to analyse the
task was noted by Koslowski and Bruner (1972) to be an
influential factor in progressing to higher strategies, 1In
order to progress, the child must comprehend the relaéion
between its actions and the environment; however, the cover
removes vital information, The cover obscures the visual
link between the two exposed ends of the lever and it hides
the pivotal point of the lever, The visual gaze data showed
that covered lever subjects spent less time looking between
- their hand and object compared to more successful experimental

groups,

. Theyloss of information in the covered lever group can be used
to explain the experimental group variations in perfofmance by
, afguing that children in this group had less information about
’the problem faced, However, the question as to why success
was achieved only by the 18-24 month old subjects in the
covered lever.group must be raised,  An explanation based
solely on the argument that they were capable of modularising
the components acts, seems inadequate' given  that younger
children in other experimental groups demonstrated this
- ability,

- The explanation of results must consider changes that take
Place in the sescond year that would explain the ability of

the 18-24 months to solve this problem, that is to select and
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apply the correct means for the required end.

Piaget (1953, 1954) has emphasised the cognitive changes
associated with the 12-24 month age period and two areas are
of - particular interest, Firstly, Piaget proposed that the
-way in which the child explores the environment was marked by
the move. from primary to tertiary circular reactions and
secondly, that the comprehension of detour tasks undergoes a

najor change in the 12-24 month period,

Kosldwski and Bruner (1972) suggest that the child progresses
towards higher strategies by interécting‘with,the environment
‘and analaysing the task, However, Piaget would argue that the
"‘Vay the child will approach a specific situation will depend
ﬁpdn the child's level of devélopment.

The fact that the youngesf children display significantly more
trials that are classified as 'low’ strategies and that they

~ have the highest number of strategy I trials reflects the

child’'s application of known means to new situations; Direct
Pulling  is.  normally a- succesfulrkstrategy, for infants.
Therefore it is not surprisinq'to find it applied to the lever
ﬁaSk: and,:in~ previbus . lever research (Richardson‘ 1934;
Koslowski and Bruner, 1972), direct approaches are typical of
Young infants in manual (Bruner, 1970) and locomotor (Lockman,

1984) detour tasks.

- It is only in stage V of the sensorimotor period that infants

solve problems that require new approéches. Th:ouqh tertiary ‘
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-circular reactions, the active trial and error exploration of
kthe environment, solutions are achieved, This is reflected
in the analysis of lever task which shows that younger
subjects' successes are more likely to be preceeded by lower
' étrategies, ‘indicating a process of expefimentation, one
effect of which is to increase the time taken for solution and

this is supported by the data. ..

Piaget proposes that it is the stage VI child that invents new
means, not by external trial and error but by mental
co-ordination of internal representations, ' Success can be
~achieved without trial and error although novel situations
will require some exploration.  In the present study, six
Cases of success on the first lever trial were recorded
~ without any.triél‘and error; one was recorded in the 14-18
‘month subject group and the remaining five were recorded in -

the 18-24 month age group,

From this perspective, the strategies employed on the lever
task would reflect the developmental changes which Piaget
Proposes are typical of the child's exploration of the

environment around them, It is this developmental change

- which - accounts for the quantitative ~ and qualitative

differences = in . performanceg» between age groups, - In
pParticular, it is the 18-24 month subjects who demonstrate the
ability to repeat success on the lever, a criteria which
Richardson (1932) and Uzgiris and Hunt (i975) have suggested
- reflects understanding of the task, |
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A second measure of understanding, whether or not children
vwith two or more successes used both directions of rotation
‘for success, failed to produce any age effect, indicating that
successes in all age groups reflected an awareness that the

| lever could be rotated in either diredtion to achieve success;

The second aspect of development in this period concérns
detour ability. The lever task can be viewed as a detour (cf
Kohler, 1925) and Piaget proposes that the invention of
detours is a behaviour associated with stage VI of the
- Sensormotor period, it is at this stage that detours are
achieved by - previously unseen and ~ unused  paths
- (associativity)., Piaget argues that detour ability reflects
the ability to represent relations between . objects
: independently of the sélf and as such is closely linked to the
advances in spatial understanding and object concept that are

&ssociated with this period.

This view has been challenged by Lockman (1984) who questions
the’ synchrony between spatial understanding and detour
behaviour displaying associativity. Lockman failed to find a
relationship between.stage'VI object concept performance and
‘performing detours by péeviously unseen paths. “In fact,
associativity was displayed in detour tasks before stage VI

object concept performance.
Detour ability has been demonstrated in the latter part of the

first year in both manual and locomotor domains (Bruner 1970;

Lockman and Ashmead, - 1983; Lockman, - 1984; McKenzie and
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Bigelow, 1986). However, the research on detours has also
shown a large variation in performance, McKenzie and Bigelow
(1986)'propbse that the complexity of the task may influence
‘displays of detour ability. " For example, Reiser et al (1982)
found that it was not until the end of the second year that
children could negotiate a maze after seeing the spatial

layout,

It can be argued that the lever task is a complex detour
problem since it places demands on subjects not found in other
tasks, namely, that the object must be moved in the detour and
the means of moving the object is by applying force in the
~direction opposite to that in which the object is moving,
Detour tasks traditionally have the object remaining
" stationary and the subject moving, and while other studies
~have shown the ability of children to move 'objedfé toward
‘»themSelves‘(Ridhardsén; 1932; Bates et al 1980)'£he lever task
is unique in requiring children to perform a detour task that
violates both of these demonstrated abilities,

It is the combination of the latter two factors which places
demands upon the child's understanding of relations between
‘objects and the self and in particular, the ability to

: represent objects independently of the self, The age pattern
in lever performance is therefore reflecting, not only the way
in which the child explores the environment, but the child's
developinq spatial ability and the ability to represent
_relations between objects and the self,  The age pattern of

results associated with the covered lever group, where only
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the 18-24 month ,subjects’ sucoeed, could be. reflecting the
advanced spatial:_unerstanding of this age group and the
representational ability that Piaget associates with stage VI
of the sensorimotor period,
/

Piaget has made some reference to performance on lever tasks
- (Piaget, 1978),  In a detailed study of children's
comprehension of 'levers, subjects were required to move
objects by means of levers, The levers varied in terms of
complexitywand the children were also required to move the
Plvot screws and explain or anticipate the effect that this

would have,

One of the simplest levers used (lever v) consisted of ‘one
strut with a central pivot, the same basic design as the
§tandardylever. The\subjects were required to rotate one end
ofythe lever so'that’the other end moved an object which was
Placed beside‘itl g Two major distinctions exist between this
and the standard lever. ’Firstly, the starting position of
the lever was the horizontal plane in relation to subjects'
body and secondly, the object was placed beside rather than

upon the lever,

‘It was‘not until 5~vkyears that the rotational oroperties and
the relation between hand and lever movement were understood

The present study shows children between 12 24 months solving
lever tasks while the above study shows 4-5 year olds
aneriencingldifficulty with this task, There are'variations'

betweenvthe tasks and the nmeans of assessment varied’in that
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- in Piaget's study, children had to verbally explain their
solutions, . However, it is suggested that the difficulty of
the.task was not only in verbally:expressing their actions,

but the manipulation itself was problematic,

This pattern of repetition is a éommon one in development and
Piaget would refer to it as an instance of vertical decalage
(Flavell, 1963). = However, the idea of repetition in
development has been used to offer an alternative, cognitively

based, explanation of the lever task performance,

Bower (1979a) has suggested that success on the lever task is
k'related'to the comprehension of the INRC group.  The INRC
group consists of four transformations, identity (I), negation
(N), reciprocal (R) and correlative (C), and is more commonly
_associated with  formal - operational” thoughtf>(Ihhelder~fand
‘Piaget, 1958), Piaget proposes that this cognitive structure
Kis\:refleétedr in the adolescents' performande ‘onv specific
| taské.:~ For example, the see-saw balance task (Inhelder and
Piaget, 1958), which demonstrates the negation-reciprocal
étrategy in problem solving,

The ' INRC groﬁp is closely linked with formal operations since
it is argued that this‘structufe emerges from ﬁanipulation of
_the 16 binary propositions (Flavell, 1963), In additionm,
Flavell (1963) has proposed that the emergence of the INRC
 group requires a distinction to be made between the 'logical!
“and physical' INRC groups. - The former is a sub-achiévement

of manipulating and inter-relating the 16 binary propositions
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while the latter reflects the application of the 'logical’
- INRC to physical problems, = For a more detailed explanation
of the INRC group and formal operational thought, see Inhelder
and Piaget (1958), Flavell (1963), Modgil and Modgil (1976)
and Seggie (1978). Research and criticisms of this stage are
found in Lovell (1961), Neimark (1970, 1955a, 1975b), Dulit,
(1972), Ennis, -(1976), Danner and Day, (1977), and lmn;er,
(1979), For Bower, the solution of the lever task reflects
an understanding of the INRC group which infants demonstrate
ana which can be interpreted as a precursor to the INRC group
associated with ‘adélescence. This is one -~ instance of
repetition in development, repetition both literal and formal,
which Bower arques are found in behaviours in the physical and

Cognitive domains (Bower 1974b, 1976, 1979b).

‘The data showing that older subjects were more successful
would be accounted for by their comprehension of ‘the INRC
group properties of the'task. ; For Bower, the difficulty of
the task is in applying the abstract structure (INRC) to a
 specific task. The pattern of results showing younger
~Subjects to have fewer solutions, fewer repeated successes and
a reliance upon unprofitable strategies are all related to the
inability of these children to discard unsuccessfulystrategies

" and realise the INRC structure'of the situation,
The cross lever group's superior performance can be

interpreted by suggesting that the lever structure enhanced

the likelihood of subjects becoming aware of the applicability
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of the INRC structure to the task. In contrast, the covered
lever impaired performance by decreasing the subject's ability
to comprehend the relevance of the abstract strucﬁure to the
’: task, Only the 18-24 month  subjects were ~capable of

| ﬁnderstanding the task, Bower argues that it is ét 18 months
and béyond that the task is solved "smoothly ,,. without trial
and error" (Bower 1979a), It.-will be recalled that only five
first trial successes were recorded without any trial and

error behaviour in the 18-24 month age range,

'While Bower's explanation can be used to explain the age and
experimental group results, it does raise other issues. It
has already been noted that Piaget viewed the INRC group as a
sub-achievement of the 16 binary operations, Leaving aside

~the validity of this claim, it provides an explanation for the
| - source of 'this four group. . For Bower, the childjrﬂmﬁst
SChematize the abstract structure he already has in his head
«so" (Bower, 1979a), This draws attention to the contrast

~ between Piagét and Bower,

Piaget views development as a process:  of conflict where
infants acquire S-R solutions to specific situatidns and if
the means to solution fails to succeed when applied to another
task, the conflict created wiil lead to the modification or
Creation of new schemes that will control behaviour, The
level of abstraction that is achieved reflects the experience
of the infant, the widér the experience the greater the level
of abstraction. Piaget considers that the abstract rules are

of necessity . formed  from the specific experience of the
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‘infant.

Bower proposes the reverse of this view, the abstract scheme
comes first,  The infant is either born with, or quickly
acquires, an abstract framework, and this then allows the
infént' to fofm "8-R solutions tb specific ﬁasks. < The
difficulty faced by the infants on the lever task isﬂ in
releasing the applicability of the abstract structure (INRC
 qroup) to the task. Repetitions.in development are viewed as
the re-application of the abstract rule to a new situation; in
the case of conservation the behavioural conservation of
infants precede the verbal conservation of weight (Mounoud and

Bower, 1974).

 Two 1ssues are of importance to Bower's arguments. rFitstly,
fo demonstrate high level abilities in infants and secondly,
t6 show the link between successive repetitions of beh&?idurs.
In both areas, further research is needed, Bower has arqued
that very young infants display in their behaviour, high
levels of cognitive functioning. One example is that of
invitation (Meltzoff and Moore, 1977) where neonates have
shown the ability to imitate adult’facial‘gestures; While
’supporting Bower's argument, the data has been questioned and
 aniexp1anation of “the behaviour is still‘sought’(nayes and

Watson 1981; Meltzoff and Moore, 1983a and 1983b),
VBbwer‘(1977, 1979a) has also argued that the young infant is

~aware of object permanence,  However, Schuberth (1983) has

"suggested that the data used by Bower is open to question,
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The second important area for Bower's theory is related to the
'repetition in development and the ability to demonstrate a
link betwen successive repetitions.  The most successful
paradigm for investigating - this relationship is-  the
accéleration study (Bower, 1974b). - This approach was adopted '
in an investigation of infants' walking, Neonates .s-days-old |
,display a form of walking which is different from ma;ure
walking but consists of the same sequential organisation in
time,  Bower (1976) argued that if the neonate practises
walking at this early phase, acceleration will take place with
- respect to walking in the later period and research has
supported this argument, indicating a causal link between the

two phases (Zelazo, Zelazo and Kolb, 1972), -

‘Bower_(1974b,‘ 1976) has proposed that repetitions canr be
observed in a number of areas of developmenf.. For ekgmple,
visually gqguided reaching, auditory manual co-ordination,‘ as
well as repetitions in a number of cognitive areas, ' This
latter group includes the object concept, ‘conservatién .of

weight and the INRC group.

‘As previously noted, Schuberth (1983) has questioned much of
the data concerning the object concept drawing attention to
methodological ' issues ' and. alternative interpretations. With
respect to the repetitions of weight conservation and the INRC
group, there is relaéively little data, Mounoud and Bower

(1974) demonstrated the behavioural conservation of weight in
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infants, proposing that between 6 and 18 months infants
‘ develop a sensormotor form of conservation, at 9,5 months
infants use the appearance of objects to determine their
response, Mounoud and Hauert (1977), .using a similar
substitution paradigm, found that infants 11-14 months old did
not ‘display behaviour conservation.. This result raises
questions about ' the developmental -pattern  of ~behavioﬁ;a1
conservation of weight between 9-18 months and may question
the underlying basis on which infants are making their

judgements,

" In the. case of the INRC group,  the ~only reference to
repetition of this cognitive structure is Bower'’s (1979a)
Proposal that Koslowski and: Bruner's (1972) vlever task
~ demonstrates the infant's understanding of this four group. |
The ‘difficulty in "assessing these Cognitive repetitions
réflects;rfhe' lack of research which has “adopted‘ the
, acceleration'paradigm outlined by Bower. One obvious problem
with respect to the INRC group is the time period that
Separates the two examples of this behaviour,  An alternative
vapproach would compafe the error patterns and ‘process of
acquisition of the INRC group in both cases to ascertain the
| level of relationship between fhem;‘to date this has not been

done,
From ' Piaget's ' (1978) " research, it appears that verbal

comprehension and, it is intimated, behavioural success on

~ lever tasks, proves difficult for 4-year-old children., Given
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the similarity between one of the lever tasks and the present
- standard’ lever, ' the question of = whether or not - this

constitutes a repetition should also be considered.

Piaget and Bower have 'pfovided explanations of lever task
‘Performance  which  emphasise - the cognitive  aspects,
Richardson (1934) suggested that the role of maturation and

experience should also be considered.

The role of 'experience has already been mentioned as a
potential explanation for the sex differences that were found, .

However, the question of maturation has not been raised.

Richardson (1934) noted that lever ' performance 'improved
:’between 40~-44 weeks of age and argued that this was partly a
reflection of maturation, spegifically physical maturation of
subjects' motor skills. The physical immaturity referred to
was believed to 1limit the child's ability to grasp and
- manipulate the lever through the bars of a cot, In the
ibresent study, the youngest subjects were 12 months old and
therefore were beyond the age that Richardson was concerned

with,

‘There is some evidence that neural maturation piays a role in
the development of detour ability and is also related to

changes in spatial kn;wledge in the second year, 'Mbll and
| Kuypers (1977) demonstrated that - ablated - monkeys - had
difficulty in performing on a visually guided reaching task

that involved a detour.  Rieser and Heiman (1982) have noted
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kthat neural maturation is a possible explanation for the

~ change from egocentric to self-reference  spatial knowledge
which they believe is found in the second year, The role of
experience is raised at a more general level since Rieser and
Heiman suggest that the increased locomotor experience of the
child can also play a role in this qualitati§e change ‘in
spatial knowledge. )

Maturation and experience must therefore be considered as

pbotential explanations for lever task performance,

 Summary

‘The analysis of the data has shown that quantitative and
’quﬁlitative differences exist between the age groups tested,
In addition, the design of the lever and the sex of the
subject were found to be influential variables vhen assessing

performance,

A number of alternative explanations were considered, It was
Proposed that viewing performance as the attainment of a skill
would explain the results. However, Koslowski and Bruner's
(1972) emphasis on the child's ability to analyse the task and
“the performance of the covered lever group suggests that the
child's cognitive abilities afe of importance'in predicting

performance,
Piaget and Bower present opposing views regarding the process

of cognitive development, although both approaches were

| capable of explaining the data, Bower's position is
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difficult to evaluate with respect to lever performance and is
ultimately tied to an évaluation of his theory of repetitions
in development, The Piagetian position provides some grounds
fé? further examination with the ‘emphasis on developmental
éynchrony; childrensf performancé on relatéd tasks should
réfledf a similar 1level of ability. It is this latter

approach which is developed in later chapters.
It must be noted that at the present timé, the role of

maturation and experience upon lever task performance cannot

"~ be assessed.
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CHAPTER 4

WIRE TASK - RESULTS AND DISCUSSION

(1) RESULTS

The results from this task will be presented in
sections: |

(a) Wire task performance and the wire categories,
(b) Solution times for wiré tasks.

(c) Wire task performance and behaviour cateqories.
(a) Wire Task Performance and the Wire Cateqories

three

The Methods Chapter drew attention to the sub-categories that

were used within the wire tasks, namely, the degree of

difficulty, the direction of the 'open' wire end in relation

.to the subject and left or right presentation, Table 4a

~ summarises this information.

Tabie 4a ~ Wire Task Cateqories

Degree of | Direction of Left/Right
Wire Difficulty |'open' wire end Presentation

1 Easy Toward Left
| 2 Easy Avay Right
3 Medium Toward ' Right
4 Medium Awaf' Left
5 Hard Away Right
6 Hard ; Toward Left
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Figure 4a overleaf
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An analysis of variance, with factors age, experimental group

‘and‘sex, was carried out on the number of successful trials
achieved per subject, The analysis produced a significant age
effect (df, 2, 117; F = 25,22; p < 0,0001) with no notable
experimental group or sex effects., Fiqure 4a and Table 4b
indicate that a higher number of successful trials was
obtained by the older subject groups, “

Table 4b - Mean Number of Successful Wire Trials

Age (monthsl - Mean Number of Successful Wire Trials
12 - 14 2.42 | |
14 -18 | - 3,00
18 - 24 4,60

An ANOVA with wire type as a within subject factor produced a
‘esignificant result for this variable (df, 5, 585; F = 21.26; p
< 0,0001) indicating that performance was related to the
design of the wires, 1In addition. a trial and age
'p interaction was  found (df, 10, 585- 'F = 1 86- p < 0 05)
indicating that some aspect of the wire task, e.g. degree of
difficulty, may have influenced performance in the different

age groups.

The corollary of the wire task snccess pattern is that younger
subjects produced more errors than their older counterparts.
Failure on the wire task was categorieed as either"failed
try', wvhere some attempt had been made to remove tne lure, and
Ifailed’ where no attempt was made within the allocated time
period,
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Analysis of variance of the total number of failed trials
(i.e. 'failed try' plus 'failed'), 'failed try' and 'failed’
trials was carried out with age, experimental group and sex as
between subject factors, In all three ANOVAs the only
significant result to emerge indicated an age effect on errors

on this task.

The analysis of fotal failed trials produced a significant age
effect (df, 2, 117; F = 25.22; p < 0,0001) (Figure 4b) as did
the analysis of 'failed try' errors (df, 2, 117; F = 22.40;

P < 0,0001) and 'failed' errors (df, 2, 117; F = 4,25;

P < 0,05). As Table 4c illustrates, in all of these cases a

higher mean error score is attained by the youngest age group.

Table 4c - Mean Number of Errors on Wire Tasks

Wire Task Mean Errors

Age (Months)
Failed Tasks
(Failed Tried Failed Try Failed
and Failed)

12 - 14 3,58 2.91 0.67
14 - 18 3,00 2,47 ' 0.53
18 - 24 1.40 1.20 0.20
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Figure 4b overleaf
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~Given the previously noted trial and age interaction that
resulted from a repeated measure ANOVA of wire type
performance, an assessment of performance on each individual
wire was required. For all six vire tésks. an ANOVA was
carried out on successful performanéé, with age} éxperimeﬁtal

group and sex as between subject factors.

‘The results from this analysis for wires 2, 3, 4, 5 and 6
produced a significant effect for age, Wire 1 provided the
exception to this pattern since no age effect emerged from the

analysis, The ANOVA results for age were;

Wire 1 No significant age effect (df,2,117; F = 1.87; p > 0.1)
Wire 2 Significant age effect (df,2,117; F = 4,31; p < 0,05)

. Wire 3 Significant age effect (df,2,117; F =11.77; p < 0,0001)

o Wire‘i Significant age effect (df,2,117; F =10.23; p:<,0.0001)
Wire 5 Significant'age effect (df;2,117;'r =16.57; p < 0.0001)
Wite 6’Significah£ age effect/(df,2;117} F ?14.20; p < 0.0661)
In all of the siqnificant results thé pattern of mean scores
indicates‘that 18-24 month subjects' performance was superior
to that of the younger subjects, This distinction was not
alwayé maintained betweén the i2-14 and 14-18 mohfh old
Subjects. féf ekéﬁple, oh wire 1, the 12;14 month mean
_performance is superior to that of the 14-18 month group.

Table 44 provides a summary of the successful performance on

each wire attained by each of the age groups.

127



Table 4d - Mean Success on Each Wire Task

Wire Task Mean Success on Each Wire

Age (monthS)

Wi W2 W3 W4 W5 W6
12 - 14 0071 0.58\ 0027 0053 0013 0020
14 - 18 0.67 | 0.69 ] 0.49 | 0.53 | 0.31 | 0.31
18 - 24 0.84 | 0.8¢4 ] 0.73 ] 0.87 | 0.64 | 0.67

In addition to the age effects that emerged from this
analysis, two wire tasks, wire 1 and wire 4, produced
significant experimental group effects, The results from
wire 1 (df,2,117; F = 3,85; p < 0,05) indicates that the
- standard lever group achieved fewer successes on wire 1 than
~either the cross or covered lever experimental groups. This
~ pattern was repeated on wire 4 where the significant
‘experimental group effect (df,2,117; F = 3,93, p < 0,05) dre#
~attention to the lower success rate on this task of the

- standard lever group,

Figures 4c, 4d, 4e, 4f, 4g and ¢h represent the performance on
each of the wire tasks and in the case of wires 1 and 4 draws

attention to the experimental group variation in performance.

These figures highlight the amount of overlap that appears to
exist between the performance of the 12-14 and 14-18 month
subjects, In a number of instances, the performance of the

12-14 month subjects is superior to that of the 14-18 month
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Figure 4c overleaf
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Figure 4d overleaf
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Figure 4e overleaf
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Figure 4f overleaf
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Figure 4g overleaf
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Figure 4h overleaf
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age group and since this runs counter to the general age

trend, demands closer inspection.

Analysis (t-test) of all of these instances of overlap between
‘ lthe312-14;mdnth and 14-18 month sdbjects, where the younger
subjects' performance ‘appeargd superior produced only one
significant result and this was on wire 1 where the 12?i4
month males in the «covered lever group produced a
"significantly superior performance to their 14-18 month
counterparts [t (13) = 2,55; p < 0.05, two tailed], 1In all
~ other cases, including wire 5 where a high degree of overlap

in performance was found, no significant differences emerged,

It should also be noted that during this closer scrutiny of
'performance on wires 1 to 6 no significant sex differences

‘emerged,

Subjects' performance on the wire tasks was also analysed by
:using the categories outlined in the Methods Section and
repeated at the beQinning of this section,

Analysis of performance based on degree of difficulty of the
Wires, that is, ‘'easy’, ‘'medium’ and 'hard' was carried out
using an ANOVA with age, experiméntal group and Qex as between
. Subject factors, In all of theée categories, a significant
age effeét ﬁas found; _
In the 'easy' wire tasks (df, 2, 117; F = 4.16; D < 0,05)

In the 'medium’ wire tasks (df, 2, 117; F = 18,05; p < 0,0001)

In the 'hard’ wire tasks (df, 2, 117; F = 22,303 p < 0.001),
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'~ The ANOVAs for these categories also produced an experimental

groﬁp effect in the analysis of performance on ‘easy' wires
(af, 2, 117; F = 3,25; p < 0,05), reflecting the lower mean
success score of the standard lever group (y = 1.26) compared
to the covered and cross lever grodps. The latter two gr§ups
produded comparable me&n scores, fhe cross lever group (x =

1,55) and the covered lever group (3 = 1.51).

Inspection " of the mean performances in each of these
categories (Table 4e) indicates that the 18-24 month subjects’
performance was superior to that of -the younger subjects and

the 12-14 month age group produced the weakest results,

Table 4e ~ Mean Performance on Wire Tasks According to
Degree of Difficulty

Degree of Difficulty of Wire TaSks“

Age (months) _ ,
'Easy’ 'Medium’ 'Hard'
12 - 14 - 1,29 0.80 0,33
14 - 18 1,35 1,02 0.62
18 - 24 | 1.63 1,60 1 w3

Eurthermore,‘fhe abdve iabié dfawé attentidh to‘the inflﬁeﬁce
of degree of diffiqulty up§p‘the subjéétfs perfo;manée. An
ANOVA  with degreéybf»diffiéulty as-a within subject fadtor
produced a significant result (d4f, 2, 234; F = ‘4'3.68; p <

0.0001) supporting this argument,
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In addition, a significant interaction was found between
degree of difficulty and age (df, 4, 234; F = 3,16; p < 0.02)
and Table 4e shows that while degree of difficulty influenced
performance, the level of success attained in each category
varied between age gfoups.

The pfevious analysis has shown that degree of difficulty
" influenced performance on this task; two - other wife
categories were also used in this study. The first focused
upon the presentation of the wire to the left or right of the
subject'é midline and the second catégory drew attention to
the direction of the 'open' wire end, either toward or away

from the subject's body.

ANOVAs were carried out with wire direction and left/right
~ presentation as within subject factors, The analysis showed
~ that wire direction had no effect on performance (df, 1, 117;
F = 0,63; p > 0.4). However, a siqnificant influence was
‘attributed to presentation of the wire to the left or right of
. the subject {(df, 1, 117; F = 4.62; p < 0.05), Table 4¢f shows
that mean success scores were superior for wires presented té
the left of the subject's midline,

Table 4f - Mean Success Scores on Wires Presented to the
Right and Left of Midline

Presentation of Wire

Age (months)
Left of S's midline | Right of S's midline

12 - 14 1.44 0.98
14 - 18 1.51 1.49
18 - 24 2.38 2,22

}
/
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| “While of interest, these results must be interpreted with
caution due to the confounding of these variables, Inspection
of Table 4a shows that of the wires directed ‘away' from the
- subject, two were presented on the right and one on the left,
In contrast, of the wires directed 'toward' the subject, one
was . presented on the right and two on the left of the
subject. M

" The confounding of these two variables means that the superior
performance on wires presented to the'left of subjects may be
reflecting the fact thét out of the three wires in this
- category, two were directed 'toward' the subject. Similarly,
the failure to find a significant result discriminating
between wires presented 'away' or ‘'toward' the subject may be

attributable to the confounding of these variables,
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{b) - Solution Times for Wire Task Success

It has already been noted that the Apple IIe programme used to
analyse the data provided solution times for trials, where
applicable, In order that these solution times could be
considered in more detail, each wire task was énalysed

individually.,

An ANOVA of success time on wire 1 was carried out with age,
experimental group and sex as between subject factors., The
results indicated a significant age effect (df, 2, 82; F =
81,53; p < 0,001), with solution times for older subjects

being superior to their younger counterparts.

A similar analysis for wire 2 with age, experimental group and
sex as factors, produced a significant age effect (df, 2, 77;
F=3,71; p < 0,05), once again indicating the superiority in
speed of solution lying with the older subjects, -

H\ Due to the problem of empty cells, a full ANOVA with all main
variables included was not possible for wire 3, A more
limited ANOVA with factors age and experimental group was
carried out for male subjects producing a significant age
effect (df, 2, 28; F = 9,18; p < 0,001}, The age pattern
established for wires 1 and 2 was repeated here with the
superior mean success time emerging in the older subject

groups,
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Since the female subjects could not be accommodated in the
original ANOVA, a comparison of success times was carried out
for all possible age, experimental group and sex combinations,
Significant differences were found betwen 12-14 nonth and
14-18 month subjects [t (32) = 2.92{ p < 0,01, two tailed] and
12-14 month and 18-24 month age groups [t(43) = 3,56; p <

0.001, two tailed] and the mean solution times indicated that
younger subjects took longer to solve wire task 3. No
- significant difference was found between 14-18 month and 18-24
month subjects although the mean solution time indicates that
the oldest age group were faster at solving the wire task, No
significant experimental group or sex results were found by

the t-test analysis.

"On wire 4, it was possible to carry out an ANOVA with age,
~ experimental g:oup and sex as factors, A significant age
difference was found (df, 2, 69; F = 4,85, p < 0,05) and a
significant age and experimental group interaction was also
~ found (df, 4, 69; F = 3,02; p < 0.05), The significant
result for age indicated the superior performance in terms of
speed of success for the older subjects and from Figure 4i,
the age and experimental group co-variation results from the
| reversalkof the positions of the 12-14 month and 14-18 month
| subjects that occurs between the standard lever group and the

cross lever group.
The success time on wire 5 could not be analysed by an ANOVA

due to the number of missing cells, To compensate, all

possible age, experimental group and sex groupings were
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Figure 41 overleaf
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- analysed by t-tests., No significant experimental group or

sex differences were found in this analysis, . . However,
significant age group differences emerged, COmparison of
solution times for the 14-18 month and 18-24 month group
produced a significant result [t(41) = 2.28; p < 0,05, two
tailed] indicating the solution time for older subjects was
superior. No - siqnificant differences were found ~between
12- 14 month and 14-18 month subjects [t(18) = -0,91; p > O, 1,
two tailed] or between 12-14 month and 18-24 month subjects

[t(33) = 0.,60; p > 0.4, two tailed]. Table 4h dravs
attention to the fact that on wire task 5 the pattern of mean
solution times differs from the preVious wire tasks, ln this
task the 18-24 month group produce the lowest mean solution
time, but the 12 14 month subject qroup performance is

"superior to the 14-18 month subjects.

The analysis of wire Gﬁproduces a similar pattern to that of

wire 5, (Table 4h), An ANOVA with age and experimental group

L as between subject factors, but with only male subjects,

| produced a significant variance arising from'aqe (df, 2, 2¢; F
é. 4,69; p < 0.05), However, the mean solution times
indicated that the 18-2¢ month subjects were'faster than their
counterparts'in the other age groups but{that the'12;i4 month
subjects were faster than the i4-18 month age qroup.’ Whenian
analysis (t-test) was carried out including the';female
subjects who solwed this wire task, a*significant resuit was
found between solution times of the 14-18 month and 18-24
month»age groups [t(4é) = 2,39; p < 0,05; two tailed] with the

younger subjects producing a slower mean solution time., No
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other age, experimental group or sex differences were found.

Table 4q - Mean Solution Time in Seconds for All Aqge Groups

Mean Solution Time for Successful

|Age (months)

Wire Tasks in Seconds

Wire 1 | W2 W3 w4 W5 wé-
12 - 14‘ 17,96 16,32 27.09 24,97 | 19.60 {21,99]
14 - 18 10.68‘ 13;367 15,01 20;74 27.67 }31.90
18 - 24 7.09 | 8,92 | 12,57 | 11.89 15.8i 19,27

The table draws attention to the age pattern in solution time
on wires 1 to 4 Older subjects produce lower mean solution
times than younger subjects, 'Oh wires 5 aadVG, while the
“18-24‘month groupvstill produce the lowest mean solutionAtime,
7 o e 12-14 nmonth,

~ the youngeSt age group, provide a lower mean

esolution time than the 14-18 month group.

Table 4g also draws attention to another pattern in solution
"ttime that the previous analysis does not point out, namely
ythat in the case of 14-18 month and 18-24 month subjects, the
mean solution tlme increases_from wire 1 through to wire 6,
bearing in mind‘that this reflects the increasing oomplexity
of the wire tasks, The 12—14,mohth subjects produce a more
wariable pattern of mean solution times, One possible
explanation for this pattern in the 12-14 month subjects, may
lie in the behaviours displayed by the specific age groups

when tackling these tasks.
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(¢)  Wire Task Performance and Behaviour Cateqories

Up until this point, the analysis of wire task performance has
focused upon the quantitative data, However,'the analysis of
snbjects' . performance on this task included a qualitative
component as well, namely the type of behaviour displayed by
suhjects during performance. In addition to this, subjects’
successful performance on the wire tasks was categorised'hy
the experimenter as 'accidental' or 'intentional',  The basis
of this classification was briefly outlined in the Methods

Section.

Analysis of variance was carried out on the number of
Successes  that were categorised as ‘'intentional' or
' 4'accidenta1' and in both ANOVAs, between subject factors were

1

age, experimental group and sex.

The analysis of 'intentional' successes produced a significant
age effect (df, 2, 117; F = 41.82; p < 0 0001) as did the
‘.analysis of 'accidental' successes (df, 2, 117; F = 6.34;

P < 0,01). Table 4h presents the mean number  of
'intentional' and 'accidental' successes in each age group and
it can be seen that, while the ‘number of 'intentional' wire
solutions increases with age, the number of ‘accidental!

solutions‘declines.
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Table 4h - Mean Scores in 'Intentional' and 'Accidental'
Wire Successes

Category of Wire Success

Age (months)

3 'Intentional! 'Accidental!
12-14 | o0.53 . 1.82
14 - 18 ; ~1,49 1,40
18 - 24 3.47 0.87

Since classification of success as either 'intentional' or
'accidental' was based upon the behaviours displayed by the
subject, a more detailed analysis of behaviour was expected to
~elaborate the qualitative differences between subjects!

performance.

Analysis of subjects' behaviour during the wire task focused
upon the frequency of behaviours displayed | The initial
~ analysis summated the frequency of behaviours for all six wire
tasks for each subject and an analysis of variance was carried

out with factors age, experimental group and sex,

Significant results were obtained for the following

behaviours:

(a) ‘Spinning/Hitting the ILure: The ANOVA produced a
| significant aqe effect (df, 2, 103; F =9, 01- p <
0. 001) and Table 4i contains the mean frequencies for

this behav1our in each age group, indicating that it
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" was more prevalent among the youngest subjects,

(b)  To and Fro Movement of the Lure: A significant age
difference was found (df, 2, 86; F = 4,82; p < 0,02).
The pattern of mean frequencies in each age group
(Table 4i) indicates that this behaviour was most
common in the 14-18 month group and fewer occurrences

were noted in the 12-14 month age group. -

(¢) Corners, manipulating lure around the bends on the
| wire: Once again significant age effect emerged from
the ANOVA (df, 2, 85; F = 22,56; p < 0,0001), Table 4i
shows that this behaviour was more common in the older

subject groups.

@y Breaks, the number éf breaké; in behaviour during the
.i task: The ANdVA produced a significant-ag"; effect |

(df, 2, 110; F = 13.04; p < 0,0001) and Table 4i

indicates that breaks in behaviour weré more common

among younger age groups.

| Analysis of the other behaviour categories produced mixed
| results, In the case of 'direct pulling' on the lure, the
ANOVA produced no significant effects for age, experimental
group or sex, While an ANOVA of 'pulling on the wire' failed
to produce any variance attributable to the main factors i.e,
age, experimental group or“ sex, 'a significant co-variation
between experimental group and sex (df, 2, 90; F = 2,31; p <

0.05) was found,

139



Two other categories, 'move once' and 'play’ had very low
frequencies of occurrence, limiting the analysis, 'Play’
behaviour was not recorded for any subject and 'move once!
occurred rarely., T-test analysis of frequency of ‘move once'’
behaviour produced no significant age, experimental group or

sex differences.

Table 41 -~ Mean Frequency of Behaviour Cateqgories on Wire
Tasks

Mean Frequency of Behaviour Categories

Age |- Direct
(months) Pull
: | Spinning/| To & on - |Pulling

Hitting | Fro |Corners }|Breaks| Line Wire

12 - 14 | 11,23 2,37 1,72 19,70 ‘11.88 6.21
14 - 18 7.56 4.11 4,19 15,93} 15,59 4.22

18 - 24 6.00 | 3.49 | 6.28 | 11.17] 15.83 | 3.03

From the ahove analysis, it can be argued that different age
groups display different Dbehaviours on the wire : tasks,
However, the question arises as to the possible relationship
betwegn behaviours displayed and success on the task, To
consider this possibility, a number of scattergrams were
plotted which indicated a 'potential relationship - between
frequency of behaviours and suécess. (Scattergrams for

'moved once'. and 'play' wire behaviours showed no relationship
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between these behaviours and success and no correlations were
carried out,) A number of Pearson 'r! corrélations were
- carried out where behaviour frequencies, the total frequency

overall six trials for each subject, were correlated with the
total number of wire successes, total ‘'intentional' wire
success and total 'accidental' successes achieved per subject.
The analysis was concerned with whether particular behaviours
were related to success on the task and therefore subjects who

achieved no successes were excluded from the analysis,

A correlation analysis (Pearsons 'r', two tailed) was carried
out for each of the three factors, age (Table 4j),
~ experimental groups (Table 4k) and sex (Table 4l1).  These
tables are to be found at the end of this data chapter, &
"nunmber of significant correlations were obtained although in

many cases the correlations were not particularly strong.

From Table 4j where subjects are categorised according to age,
a variation in correlation - pattern was noted - for
spinning/hitting behaviour,  In the 12-14 month age group,
this behaviour is positively correlated with total success

(r = 0,351; n = 40; p = 0.05, two tailed) and with total
intentional success (r = 0,574; n = 18; p = 0,02, two tailed),
In contrast to this, the 18-24 month subjects produce a
negative correlation between this behaviour and total success
(r = -0,457; n =:42; p = 0.01, two tailed) and for total
"intentional' successes as well (r = -0,624; n = 41; p =
0.001,. two tailed), In addition, the 14-18 month group

produce a negative correlation between spinning/hitting and
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‘total intentional success (r = =0,441; n = 29; p = 0.05, two
tailed). .

The positive correlation between spinning/hitting and
*intentional' successes for the 12~14 month age group doés
raise a question about the qualitative assessment 6f
'intentional' and ‘'accidental' ~successes made by the
experimenter, after all spinning/hitting the 1lure was an
indicator of 'accidental' success. A possible explanation may
be that while 12-14 month subjects used spinning/hitting of
the lure to move it along the wire, the final removal of the
lure may have been carried out in a more controlled
‘intentional' manner resulting in a classification of the
success as 'intentional' but achieved by a behaviour more

~ strongly related to 'accidental' successes,

Pulling directly on thé lure is negatively correlated with
total success (r = 0.462; n = 42; p = 0,01, two talled) and
‘intentional' successes (r = 0.5%0; n 41; p = 0,001, two
tailed) for the 18-24 month subjects, No significant
correlations were found for the 14-18 month or 12-14 month age
groups, - Similarly, pulling on the wire produced significant
correlations only in the 18-24 month group. Negative
correlations emerged between wire pulling and total success

(r = =0,405; n = 42; p = 0,01, two tailed) and 'intentional’

success (r = -0,564; n = 41; p = 0,001, two tailed).

Moving the lure backwards and forwards, i.e. to and fro,

produced a negative correlation between this behaviour and
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total success in the 18-24 month group (r = -0,402; n = 42;

P = 0.01, two tailed) but a positive correlation between this
| behaviour and 'intentional' successes in the 12-14 month age
group (r = 0.482; n = 18; p = 0,05, two tailed).

The manipulation of the%lure around the ¢ornefs of the wire
tasks produced significaﬁt correlations in all age groups.'.In
the 12-14 month group, this behaviour is positively correlated
with total successes (r = 0.355; n = 40; p = 0,05, two tailed)
and this pattern is repeated in the 14-18 month group (r =
0.576; n = 40; p = 0,001, two tailed) and the 18-24 month
group (r = 0,748; n = 42; p = 0,001, two tailed),: It would
appear that the more successes achieved the more of this
~ behaviour that .is recorded, a rather obvious conclusion,
However, manipulation of the lure around the corners indicates
a‘degree of control that would lead to 'intentional’ successes
and in the case of the 14-18 mohth (r = 0.683; n = 29; p =
‘0;001, twb ﬁailed) ahd the 18-24 month group (r = 0.761} h =
}1} P - 0;61, tﬁo;téiled) this relationship ;s'foun&; In
addition, the 18-24 month group produces ’a hegative
cbrrelétion between this behaviour and 'accidental! sucéesses

(r = -0.613; n = 20; p= 0.01, two tailed).

fableuij aiso indicateé thét the number of breaks thét the
éubjedt took-in their attempts to remove the lure from the
wire was correlated with success, In the 18-24 month group,
breaks in’ behaviouf ’were negatively correlated ‘witﬁ tof&l
successes (r = 0,651; n = 42; p = 0,001, two taileci) and

'intentionai' success (r = =0,799; n = 41; p = 0,001, two
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tailed), It could be argued that in this age group, the
higher the number of solutions, the fewer the breaks in
solving the task, indicating a controlled aad directed
strategy. . This is contrasted with the 18-24 month group who
attain ac@idental, successes, in this case a positive
cofrelatioa between breaks and accidental success emerges

(xr = 0.497§ n=20; p= 0,05 two tailed),

In the 14-18 month group, a negative correlation emerges
between‘breaks in behaviour and 'intentional' successes (r =
=0.353; n = 29; p = 0,05, two tailed). This contrasts with
the 12-14 month group where intentional success and behaviour
'breaks® are positively correlated (r = 0,625; n = 18; p =
0.01, two tailed), possibly indicative of a more fragmented

‘approach to success in the younger age group.

Table 4k draws attention to the experimental groups and the
possible variation in performance between them. The previous
" ANOVAs produced no experimental group effects on the
béhaviours pfdduced and this supports the expeatatian:that the
laver taék,‘and iﬁ particular the type of lever task, should
ﬁave no influence on wire task performance, This expectation
was supported by the fact that few points of contrast emerqed

between experlmental groups in this analysis.

For all 1lever groups breaks in wire task behaviour was
significantly negati?ély correlated with total success and
5intentioha1' successes, while 'in all 1lever groups

: manipulation around corners on the wire task was positively
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correlated with total success and total ‘'intentional!
successes, Table 4k provides the detailed information on the

strength and significance levels of these correlations.

The poinfs of.contrast that emerge'between the experimental
groups focuses on the strength of correlation obtained and
whether or not these correlations attain- significénfly
acceptable levels, For example, the correlation between
spinning/hitting and total success is negatively correlated in
all groups, due to the influence of the oldest age groups in
all expérimental groups, but only reaches significantly

acceptable levels in the cross and covered lever groups.

- The behaviour of directly pulling on the lure produced some
variation in correlation across lever groups.  In the cross
- lever group, direct line pulling and 'intentional' success was
negatively correlated (r = =-0,386; n = 33; p = 0,05, two
tailed) while the other two experimental groups failed to
~produce significant results, However, the covered lever éroup
produced a significant correlation between direct lure pulling
and accidental successes (r = 0.486; n = 32; p = 0,01, two

tailed),

The ' problem in interpreting correlations based upon
experimental groups is that each group contains three age
groups, which it has already been determined, vary in their
use of these behaviours, However, it is of interest to note
the similarity in correlation patterns letween the

experimental groups.
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Table 41 presents the results of a correlation analysis based
- on the variable of sex., The ANOVAs on behaviour frequency
produced no effect attributable to this variable and the
correlation tables for male and female subjects, irrespective
of experimental group and age, are in fact remarkably similar,
The points of contrast between these two groups of subjects
arises from the strength of correlations achieved and in the
relationship between success on the wire task and direct lure
pulling., It is only in the male sample that direct pulling on
the 1lure 1s significantly negatively correlated with
intentional successes (r = =0.419; n = 51; p = 0,01, two
tailed) while it is only in the female sample that direct
‘pulling on the lure is positively correlated with 'accidental!
successes (r = 0.363; n = 51; p = 0,05, two tailed). Once
‘again, interpretation of these correlations must be tempered
: with the knowledge that age and experimental qfoup .are not

catered for in this analysis,

~ The similarity between experimental group correlation and

betwen male-female correlation tends to direct attention
towards age as the major influence on the relationship between
behaviour frequencies on the wire task and successes achieved,
To explore the influence of age on these correlation patterns
a stage further, a more specific analysis was undertaken to
look at the three age groups within each experimental group
(Table 4m, 4n and 4p). These tables are at the end of this

data chapter,
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It should be noted that at this level of specificity, the
number of subjects in each group can become very small, This
produces a problem of interpreting the results, - If the
correlations are significant or non-significant,
generalisations from these sample sizes must be extremely
tentative, Given this caveat, the correlations of success on
wire tasks and behaviour frequencies were examined for eéch

age group within the experimental groups.

The main point of interest was whether the correlation
patterns established at the general level of analysis were
also apparent at this more specific level, In the standard
lever group, no significant correlations were found in the
12-14 month age group, and the problem of sample size is
apparent in the ’intentional’ successes group where n = 3, The
correlation’ between manipulation around corners . and total
success leveis~ié significantly corfeléted in the 14-18 month

age group (r = 0,550; n = 14; p = 0,05, two tailed) and this

~reflects the pattern of results established at the general

level, - Table 4m indicates that in the 18-24 month group, a
significant negative correlation emerges - between
spinning/hitting the lure and total intentional success. It is
also shown that manipulation around corners 1is positively
 correlated with total success and total intentional successes
and that 'breaks'’ }n behaviour are negatively correlated with
intention successes, All of these results were found at the

general level of analysis for this age group.
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Table 4n focuses upon the cross lever group and the age groups
within it and some points of contrast emerge between "this
group's correlation results and thé general level results, In
the 12-14 month group, direct pulling on the lure and total
'intentional' success is positively correlated (r = 0,706; n =
8; p = 0,05, two tailed) and pulling on the wire behaviour is
- negatively correlated with 'intentional successes' (r = 0.859;
n =8 p = 0,02, two tailed). The contrast between this
specific level of analysis and the general level of analysis
for 12-14 month subjects is that while in Table 4j and 4n the
direction of correlation is the same for both categories, it
is only at the specific level of 12-14 month subjects within

“the cross lever group that significance is achieved,

A similar contrast is found in the 14-18 month cross group
subjects where spinning/hitting is positively cofrelated with
_!ﬁcéidental' sgbcesses (r = 0.799; n = 7; p = 0.65; two
tailed). While this dirgqtion of correlation is similar to
\1 that found in Table 4j‘ it is only at this level that
significant results were 6btained. This pattern is also
found in the 18-24 month sample with direct pulling on the
lure and accidental successes significantly correlated at the
specific level (r = 0.746; h =r8;vp = 0,05, two tailed) but
while the direction of correlation is matched at the general

level, the strength of correlation is not significant,
All of the other significant correlations that are found in

Table 4n reflect the patterns established at the general

level,
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The final experimental group, the covered lever (Table 4p),
produces a sinilar pattern to the above, in’that the majority
of the significaht correlations that were found in all three
age groups reflect correlatién‘patterns that were established
at the general level of age group analysis. An exception to
this péttern is found in the 12-14 month subjects in the
covered lever group who produce a significant correlation
between breaks in behaviour and total successes (r = 0.763; n
= 13; p = 0.01, two tailed) while at the gemeral level of

analysis; this pattern was not established.

Overall it can be argued that this specific level of analfsis
pfoduced correlation patterns that were‘established previously
at the more general level and subsequently provides added

Support for these relatiohships.‘

'Key for Tables 41, 4k, 41, 4m, 4n and 4p

SPI - . Spinning/hitting

DIP .. Direct pulling on lure
PUW - _Pulling‘wire

TOF - To and fro

COR Moving around corners
PLA . . . Play

BRK Breaks

The Significance levels for these tables are:
* 0.05:' ¥k 0,02 *%% 0,01 . k%kkk 0,0001

All two tailed tests,
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Table 4§ - Correlations between wire success cateqories and
behaviour frequencies for each age gqroup '

Age Group 12 - 14 months

SPI | DIP PUW TUF MOV COR PLA BRK

Total * * :
Success 0,351} 0,305]-0,196} 0,300 0.355 0.058
n =40 ‘ :
Total *k * *k%k
Intentional] 0,574 0.414}-0,111] 0,482 0,382 - 0,625
Success
n =18
Total
Accidental | 0,201] 0,202}-0,033| 0,012 0,019 ~0.107
Success
n =39

Age Group 14 - 18 months .

SPI | DIP PUW TUF MOV COR PLA BRK

Total kkk ‘
Success -0,171|-0,200{=-0,155| 0,206 0,576 -0.301
n =40
Total * . Kkkk o
Intentional] 0.441{-0,260| 0.029] 0,267 0.631 0.353
Success
n=29
Total
Accidental | 0,167] 0.,132| 0,162| 0,071 -0,079 0.038
Success
n=29

Age Group 18 - 24 months

SPI | DIP PUW TUF MOV COR PLA BRK

Total *kk k% 11T ) * k% fkkk *kkk
Success ~0,457{-0,462(-0,405{-0,402 0.748 -0,651
n=42
Total *kkk k%% kkkk T okdedk dkkk
Intentional|~-0,624{-0,590}-0,564|~0,218 0.761 -0.799
Success
n = 41
Total ' kk *
Accidental | 0,206} 0,366] 0,320]-0,261 -0,613 0.497
Success
n=20
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Table 4k -

Correlations between wire success cateqories and

behaviour frequencies for each experimental group

Standard Lever Group

SPI | DIP PUW TUF MoV COR PLA BRK
Total * *kkk *
Success -0,175}|-0,176}-0,335]-0,053 -0,.652 -0,333
‘n = 40 -
Total k& kkkk kkk
Intentional|-0,598|-0,392|-0.311] 0,001 0.731 -0.585
Success
n =26
Total
Accidental | 0,360| 0.117] 0,084|-0,156 -0,210 0.254
Success
n = 27
Cross Lever Group
SPI | DIP PUW TUF MOV COR PLA BRK
Total kkk kkk kkkk kkkk
Success ~0,4221-0,228|~-0,443¢ 0,152 0.739 =0.660
h=43
Total kkkk * 1) kkkk kkkk
Intentional|~0.619]|-0,386|~0.421]| 0.179 0.740 0,700
Success e R
n =33
Total . . :
Accidental | 0,352]-0,011] 0,115]-0,208 -0,310 0.100
Success A
n=29
Covered Lever Group , ,
SPI | DIP PUW TUF MoV COR PLA BRK
Total k% * % kkkk kkk
Success -0,408] 0,151]-0,402} 0,234 0,748 -0.514
n =39
Total k¥ * kkkk khkk
Intentional|{-0,514(-0,264}-0.415} 0,055 0.859 -0.617
Success
n =29
Total kkk
Accidental |-0,108] 0,486} 0,066]| 0,247 -0.,023 -0.032
Success
n =32

151




Table 41 - Correlations between wire success cateqories and
o behaviour frequencies for males and females

MALE
SPI | DIP PUW TUF MOV | COR PLA BRK
Total | B *kkk *kkk *kkk
. 8uccess -0.233]~-0,142]-0,425] 0,167 0.675 -0,509
rn=172 ' .
' Total *kkk *kk *kk kK% kkkk
Intentional}-0.614]-0,419]-0,388] 0,094 0.679 . 0.617
Success .
n =51
Total
Accidental | 0.261| 0,066]|-0,003|-0,099 -0,110 -0,057
Success
n= 52
FEMALE
SPI | DIP PUW .| TUF MOV | COR PLA BRK
Total . | ¥%&% : I , ' T17) 'TI1Y
 8uccess -0.501]-0,009]-0.324] 0,067 0.777 -0.499
n=>50 ' '
Total kkkk %k *kkk kkkk
Intentional|=0,523{-0.270|~-0.384]0.0701 0.850}) -0,665
Success B E
n=137
Total * :
Accidental | 0,030 0.363] 0,277| 0,105 -0,286 0.338
Success ’ ' :
n= 36
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Table 4m -

Correlations between wire success cateqories and

behaviour frequencies for each age qroup within standard lever qroup

Agqe Group 12

= 14 months

SPI | DIP

PUW

TUF

Mov

COR

PLA

BRK

Total
Success
n=12

0.43910,290

-0,388

0.339

0,267

-0 . 144

Total
Intentional
Success
n=3

Total
Accidental
Success
n=12

0.478} 0,289

-0.212

0.257

0,084

-0,002

e Group 14

- 18 months

SPI | DIP

PUW

TUF

MOV

COR

PLA

BRK

Total
Success
n=14

0.242] 0,230

-0,304

0,020

0.550

0.119

Total
Intentional
Success
n=29

=-0.299] 0.197

=0.244

0.569

0.488

-0.352

Total
Accidental
Success
n=11

0.417] 0,055

0,532

=0,273

-00227 ’

0.454

e Group 18

- 24 nmonths

SPI | DIP

PUW

TUF

Mov

COR

PLA

BRK

Total
Success
n=14

-0.4081-0,406

-0.196

-0,404

kkk
0.724

-00336

Total
Intentional
Success

n =14

%%

-0,613|~0,473

-0,531

-0,082

kikk
0.871

S 1 ]
-0,.656

Total
Accidental
Success
n=i4

0.874] 0.339

0.154

-0.613

-0,629

0.908
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Table 4n - Correlation between wire success cateqories and

behaviour frequencies for each age group within cross lever gqroup

Age Group 12

- 14 months

SPI | DIP

PUW

TUF

MOV

COR

PLA

BRK

Total
Success
n =15

0.000] 0,424

-0,178

0,259

0.431

-0.150

Total
Intentional
Success
n=2_§

0,238] 0,706

k%
-0,829

0.610

0,516

0.424

Total
Accidental
Success
n=14

0.271} 0,157

0.071

-0,160

0.107

~-0.147

Age Group 14

~ 18 months

"SPI | DIP

PUW

TUF

MOV

COR

PLA

BRK

Total
Success
n=14

~0,249]-0,414

-0.210

0.062

0,563

-0.504

Total
Intentional
Success
n=11

~0.585]=0,362

0.044

0,375

0.512

-0.459

Total
Accidental
Success
n=7

0.799]-0.610

-0.080

-0,273

-00183

-0.428

Age Group 18

- 24 months

SPI | DIP

PUW

TUF

MOV

COR

PLA

BRK

Total
Success -
n=14

*k k%

-0.438|-0.880

-0,393

-0.495

*kk
0,699

kkkk
-0.890

Total
Intentional
Success
n=14

* kkkk
-0.574}-0.878

-0.448

-0.285

11
0,698

kkkk
~0.935

Total
Accidental
Success
n=_8

0.082| 0.746

0.220

0.009

kK
-0.807

kkk
0.838
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Table 4p - Correlations between wire success cateqories and
behaviour frequencies for each age group within the covered lever qroup

Age Group 12 - 14 months
SPI | DIP PUW TUF MoV COR PLA BRK

- Total *kk
Success 0.540| 0.176] 0,235} 0,356 0,412 0.763
n=13
Total * L1
Intentional| 0.829] 0,328] 0.481] 0.611 0,713 . 0.862
Success ¢ - '
n=7
Total
Accidental | 0,075|-0.037| 0.362}~-0,184 -0,337 0,269
Success
‘n =13

Age Group 14 - 18 months
SPI DIP PUW TUF MOV COR PLA BRK

Total ‘ . :
Success -0,284}) 0,3113-0.068] 0,365 0.530 -0,177
‘n=12 . : ’

Total kkkk
Intentional{-~0,333|-0.351{ 0,060{ 0.382 0.952 -0.273
Success E : ‘ \ o

n=29

Total : .

Accidental |~0,119] 0,515} 0.136] 0,296 -0,048 0.108
Success : -

"n=11

Age Group 18 =~ 24 months
SPIL DIP PUW TUF MOV COR PLA BRK

Total - %k %k * '3311] *kkk
Success -0,732|~0,439]-0,552]-0,443 0,815 -0,811
n= 14 : V ’
Total ] %%k | - : TR kkkk | : Rk kk
Intentional|{-0,844|~0,506}-0.671{-0,338 0.829 -0,821
success o ,
n =13
Total
Accidental | 0,272} 0,491] 0.344}-0,180 -0.453) - 0.159
Success
n=3_§
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(ii) - DISCUSSION
The main hypothesis for this task squested that performance,
assessed on quantitative and qualitative terms, would  be

influenced by age, ' -

The hypothesised quantitative differences between the age
groups is supported by the analysis of total successes on this
task. ~ The 18-24 month subjects produce the highest mean
success score (y = 4,60) while the 12~14 month group produce
the lowest (y = 2.42)., Further support for this age effect
comes from the analysis of falled trials, Failure on the wire
tasks was categorised as either 'failed try', where an attempt
was made to remove the lure in the time available, and

'failed', where no attempt was made to remove the lure,

 Analysis based on the total number of failed trials (i.e,

'failed try' category plus 'failed') and consideration of the
errors - within the ’failed try' "and 'failed' . categories
indicated  that subjects produced more errors in all three

categories, -

These results, while' emphasising  the "influence of age in
performance, also draw attention to the fact that even the
| oldest children found these tasks difficult.and subsequently
recorded errors on them,  This supports Davis's’(1974) claim
that as the age of subjects declinés,'the error pattern starts
| to increase,- Davis‘noted.that;3-5 year'old children recorded
no errors when faced with these tasks but children‘aged 23-25

months made two or more errors in their attempts to solve the
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wire tasks, It should be borne in mind that Davis used the
wire tasks. in a study of cross-species learning abilities and
that the wire tasks, (a total of forty wires were used), were

presented on more than one occasion to each subject,

The errors recorded by the 23-25 month old children were made
during the first presentation of these tasks and were
corrected on subsequent trials, This earlier study does draw
attention to the fact that errors started to appear in
performance at the end of the second year and, given that the
present study used a sample of 12-24 month subjects - an age
group -not. previously tested on this task - erfors were

expected in their performance,

~The higher error rates present in the younger children's
~ performance cannot be explained by suggesting that they failed
to attempt the task, The analysis of errors indicates that
the majority of errors fell into the 'failed try'' category
- suggesting that the children attended to, and were motivated
to participate in the task. This latter point receives some
support from Davis (1974) where it was notedithat~few of the
species tested failed to participate in this type of task,

The,analysis of the wire: task performance also showed that
wire type was an influential variable and the significant age
and wire type interaction drew‘attention to the relationship
between performance on the various wires and the subject's
age, To investigate this further, the analysis of performance‘

| on each individual wire was carried out and the significant
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effect of age on performance was found on wires 2, 3, ¢4, 5 and
6, - indicating the superior performance of older children
compared to their younger counterparts, Wire 1 provided the
exception to this pattern with the 12-14 month children's
performance overtaking the 14-18 month group. Similarly, on
wire 4, no clear pattern of performance emerged between the

12-14 month and 14-18 month groups.

Wires 1 and 4 produced better than exﬁected performances fronm
the 12-14 month subjects, and it will be arqued at a later
stage that this improved performance was due to a combination
of the strategies used by these subjects and the physical

characteristics of these wires,

' The analysis of performance on each individual wire also drew
-attention to the amount of overlap between the performance of
the 12-14 month and 14-18 month subjects = within each

experimental group. = The pattern that emerges indicates that

| ‘ the 18-24 month childreh produce the greatest  number of

successes on all wires, However, the distinctioh between the
performance of the 12-14 and 14-18 month children was not
always clear, The analysis of the performance of these two
younger groups reinforced this impression and leads to the
suggestion that the main distinction in performance is between

the 12-14 month and 18-24 month children,
The  analysis of success on each wire also produced

experimental group effects on wires 1 and 4, In both cases,

fhe results indicate that lower performance 1levels were
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achieved by the standard lever group, Expe:imantal group
effects were not anticipated on this task and, given that the
distinction between these groups was based on the lever task
design, it would suggest that performance on the wire tasks
wés influenced by the type of;lever the subjects faced, The
résults from the lever task analysis indicated that the three
lures varied in terms of degree of difficulty and one
suggestion may be that subjects' motivation on the wire task
was influenced by their success/failure on the lever task., If
this was the case, one would expect the covered lever group to
have produced the lower wire task results since the majority
of subjects failed that 1lever task.‘ In addition, the
possible influence that success/failure on any one task may
have had upon another task was compensated for by the
counterbalanced presentation order of the three main tasks,
A more plausible explanation for the experimental group effect
is that it is a reflection of the cross sectional ,design.
This is reinforced by the fact that detailed scrutiny;bf the
results for wires 2, 3, 5 and 6 failed to produce any

experimental group differences,

No mention has bheen made of the final variable, sex., The
reason for this is that the sex of the subject has not shown
itself to be an influential variable on wire task performance,
A review of the research on this task (Davis,: 1974) made no
mention of any sex differences in performance and the present

study supports this conclusion,
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One of the main findings that emerges from previous research,
is that the degree of wire complexity is a major factor in
influencing performance (Davis, McDowell and Nissen, 1957;
Whitecraft, Cobb and Davis, 1975; Hollis, 1962). The
~ research indicates that as the number of segments increases,
success rates decline,  This pattern was found for a nunber

of species including a sample of 23-25 month old children,

The - present = results support this  conclusion. The
categorisation of wires as ‘'easy’, 'medium’ and ‘'hard’,
reflecting the number of segments in each wire, indicated that
not only did older children produce superior success rates in
each category, but that for all '‘age -groups, the move from
'easy' to 'hard' wires resulted in a decline in mean success
scores, The analysis of performance on each individual wire
reinforced this point with a pattern of lower mean success
scores as one moves from wire 1 through to wire 6 (see Table
4d in Results Section), This is also supported by the
~ analysis which showed that wire type was an influential factor
when considering performance, Table 4d demonstrates this
‘point but also -draws attention to some variation in
performance within these categories. The major variation
arises ' in the 'mediun' wire category, i.e. wires 3 and ¢,
where performance for all age groups is superior on wire 4 and

this is particularly the case for the 12-14 month subjects.
The -explanation of this variation in performance within the

'medium' difficulty category, may be a reflection of other

aspects of the wire patterns or, particularly in the case of
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the 12-14 month group, the strategies employed by the
subjects. In the 12-14 month subjects, the dominant behaviour
was that of spinning/hitting the 1lure and this approach is
more likely to lead to success on wire 4 than'wire 3 because

of the variation in design of these two wires, |

The distinquishing feature between wire 3 and 4 is the
direction of the third segment of the wire, 1In the case of
wire 3, this is directed towards the stand holding the wire,
compared to wire 4 where the third segment is directed away
“from the centre of the stand, Hollis (1962) found that
retarded children, chimpanzees and monkeys were less
successful on wire tasks where the third segment is directed
towards the centre, Therefore, one explanation for the
" variation in performance in the 'medium' category may be that,
while wires 3 and ¢ share the same number of segments, the

direction of the final segment influences performance,

The influence of the direction of the third segment can also

be considered on wires 5 and 6 and in this case it does not

. produce such a variation in performance, - For this reason, it

can be argued that the superior performance on wire ¢,
particularly for the 12-14 month group, reflects the fact that
the dominant strategy of that group. on this ‘task was more
likely to influence success due to the ’'open' design of the

wire,

The wires varied, not only in terms of degree of difficulty,

but also in terms of whether they were presented to the left
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or right.  of the subject's midline. The possible effect of
left/right presentation was investigated bylbavis‘et al (1957)
and Hollis (1962), the former with primates and the latter
with mentally retarded children.: In both cases, there was
no variation in pérformance that was attributéble to this

feétufe.

The present study, in analysing successes on wires presented
to left.or right, found that in both categories, the age of
subjects influenced performance, with older children achieving
more successes in both categories, There was, however, some
variation in mean scores for left and right presentations, In
the case of the 12-14 month group, higher mean success scores
were recorded for wires presented on the left, while in the
18-24 nonth group, higher mean success scores emerged for

wires presented on the right,-

It is difficult to attribute the variation in performance that
has been found to the left/right presentation variabie,‘Since
each wire varied in more than one dimension, For example,
vhile wire 1 and 2 were similar in terms of number of segments
on the wire, they varied in that one was presented to the left
and one to the right, 1In addition, wire 1 had the 'open' wire
end facing toward the subject and wire 2 had the ’open' wire
end facing 'away from the subject, Any "variation in
performance on wire 1 and 2 could be due to left or right
presentation or a combination of these factors, It can be
arqued that in the case of the 12-14 month age group, the

superior performance in left presentation wires was influenced
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by the fact that wire 4 was presented on the left and inflated
the success score of left-presented wires.. The superior
performance on wire 4 may have been due to the fact that it
was presented on the left but it is equally possible that,
given the dééign'of this wire and the strategies adopted by
this group, they would have been equally successful if the
.~ wire had been on the right of their midline,

This type of explanation cannot be used to explain the
superior performance of 18-24 month . subjects on wire
positioned to the right of their midline, since there is no
specific wire on which 18-24 month subjects' performance is
markedly superior in comparison to the corresponding left

presentation wire, .

Previous research has failed to indicate any performance
variation attributable to left-right presentation aﬁd the
present study, while raising the possibility that there may be
~ some effect attributable to this variable, cannot reach any
firm conclusions due to the small number of trials and the
possible influence of compounding variables, It would,
however, suggest that some more detailed research of this task
is required to tease out the possible influence of this

variable on performance.

It was hypothesised that the final aspect of pattern variation
would influence performance, namely the direction of the wire
‘away' or ‘'toward’ the subject, Previous research (Davis,

1974) argued that a greater number of errors were created on
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wires that required subjects to manipulate the lure away from
their 'bodies., - This was . such a strong influence on
performance in the cross species studies that Davis and Leary
commented ", .t would appear that pushing food away becomes more
-probable if S's position o}z the phyletic scale is higher, and it is likely
that this was an important component of an emerging skill in tool

using” (Davis 1974).

There are no records of childrens' error patterns on 'away'
and . 'toward' tasks, only Hollis's (1962) study of mentally
retarded children where he noted that they produced more
errors in the 'away' trials, but there would appear to be a
parallel between the difficulty of pushing the lure 'away' in
the wire tésk and the problem of pushing the lure 'away' from
" the obstacle in Kohler's (1925) problem. While phylogenetic
differences may be found in this ability, it is also arquable
that ontogenetic variation will also be founci. . The 3-5 year
old children in Davis (1974) solved the tasks with no errors
and no distinction between 'away" and 'toward' wire tasks.

When does this ability first emerge? -

The present study failed to show 'any distinction between
performances on away or toward wire tasks, - It is possible
that this distinction had no influence "on subjects’
performance, They were either capable or not capable of
solving the wire task, irrespective of whether this involved
moving the lure away or . toward their own bodies,  The
implication of this is that the wire task may be reflecting

the - subjects' ability to perform detours irrespective of the
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direction of this detour, or alternatively that the task is
reflecting manipulatory skills which, once attained, can be
applied to wire tasks regardless of the direction of
movement,

The major difficulty in accepting any of these argument is
that there is a large amount of data detailed in Davis (1974)
which shows a number of species having difficulty with this
aspectiof pattern direction. Therefore, it may be the case
tnat the present study has failed to show any effect
attributable to this aspect of the wire tasks ‘because so few
tasks were used in the present study,‘ and performance on
~ certain wires, e.g. wire 4, may have been influenced by other
factors which would have the effect of inflating the success
" rate on 'away' wires. In addition, the problem of
confounding wire direction and left/right presentation was
raised in the analysis section and this may be influencing the

results obtained

This aspect of the wire tasks requires a more detailed study
since it would provide valuable information in the area of
cross species comparison and nay shed some light into the

development of detour ability in young infants.

One last aspect of quantitative performance was considered in
the present study, namely solution time, Davis (1974) with
vthe human subjects in his study ranging from 2-5 years of age,
found an improvement in performance time related to age. 'l‘he

older children solved the problems more quickly and it was
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arqued that this reflected the older child's ability to make
the correct movements with few errors. The general patterh
of results from the present analysis supports Davis's claim
about the superior performance, measuredlin speed of success,
of the older children. Table 4g emphaéised:this point by
showing that in every wire task, the 18-24 month subjects

produce the fastest mean solution times,

This pattern is continued when comparing the 14-18 month group
with the 12-14 month on wires 1 to 4 but on wires 5 aﬁd 6, the
younger group produce the superior mean succesé times,
although én wire 5 this was not a significant difference.
bavis's interpretation of these variations in solution time

would lead us to believe that on wires 5 and 6, the 12-14

'~\ month subjects made fewer errors than the 14~18 month group

when solving'thé task, The mainyproblem with this claim is
: théf it was nétibaséd upon any éuaiitaﬁive anglysis of fhe
| behaviour of the suﬁject's pérformance. It is posé§bie that
the superior_soiution times of the 12-14 month Subjecfs aré
not’the results of‘an awareness of the correct movements but
rather reflect the use of a stratégy employed by fhe youthr
éubﬁecté which‘produced a fastér solution time but one‘that is
_achieved by an inferior means. This would lead us( to a
cbﬂsideration of the unalitative différences in performance
which have been mentioned at various points in the Discussion,
Béfore doing this, thé solution time data (Table 4q) provides
some support for our .arguments about the influence of the
aegree of ﬁire compleiity 6n‘performance. Frdm the table, it
cah be noted that as wire complexity increéses, the solution

times also increase in the 14-18 month and 18-24 month groups
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of children, indicating not only that the children find these
tasks more difficult, reflected in the lower success rates,

but those that can solve the tasks, take longer to do so,

The facﬁ that this pattern is not found in the 12-14 month
group dﬁaws our attention to the qualitative aspects of the

analysis,

The first indication of the qualitative differences in
performance between age groups, emerged from the  analysis of
total 'intentional’' and ‘accidental’ successes,  This
classification was bhased upon the behaviours which resulted in
removal of the lure, A goal-directed, co-ordinated approach
where the subject attended to the 1lure and displayed
manipulatory skills in manoeuvering the 1lure around the
corners _of . the .wire, resulted in a classification of
'intentional' success, In contrast, those subjects-who pald
little attention to the effect of their behaviours on the
lure, who failed to manoceuvre the lure along and around the
wires, and who in some cases showed surpassed reactions when
the lure dropped from the wire, had their successes classified
as 'accidental'. The distinction that was being emphasised

was the contrasting approach to the task,

The analysis of these contrasting approaches indicated that
older subjects displayed more 'intentional' successes and
fewer ‘'accidental'  successes, while the .younger subjects
reversed this pattern with more 'accidental': and fewer

'intentional' successes, It can be argued that, while all
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age groups managed to record success on the wire tasks, the
means by which the removal of the lure was attained varied
between age groups. This claim is reinforced when the analysis
of specific behaviour frequencies is recalled,  From these
results, younger subjects relied more on spinning/hitting thei
lure, '~ they showed significantly 1lower | incidences of%
manipulating the 1lure around corners, they had a nore
fragmented approach to the task in that they had a larger
number of breaks in behaviour and they showed a lower
incidence of moving the lure to and fro, While all of these
behaviour categories produced significant age differences, the
behaviours classified as 'direct pulling on the lure' and
‘pulling on the: wire' failed to ' produce significant
differences between age groups. - In the case of direct lure
~ pulling, the mean frequency data indicates that all age groups
displayed this behaviour with the highest occurrence in the
14-18 and 18-24 month groups., Pulling directly on the wire,
from the mean frequency data, was more common among the

younger subjects,

From-the results, the main variable that was related to the
behaviour displayed was age, Experimental group and sex were
not noted as influential factors. Furthermore, the analysis
indicates that the behaviour cateagories were correlated with
success on the wire tasks, In the 18-24 month group, the
'direct' strategies, e.g. spinning/hitting, direct pulling,
pulling the wire, were all negatively correlated with total
success rates and with total ‘intentional’ successes. Those

subjects in this age group who were achieving successes on the
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wire task were relying on other strategies, The argument
proposed is that they were manipulating the lure along the
wire and some support for this comes from the positive
correlations between manipulating the lure around corners and
total successes, Further credibility ‘is qiven to this claim
by the positive correlation between manoceuvering around
corners and ‘'intentional' successes, and - the negative
correlation between ~ this behaviour and ‘'accidental!

successes,

However, manipulation of the lure by itself does not ensure
success, - To and fro behaviour involved moving the lure
backwards and forwards along the wire and by definition, this
would involve moving the lure toward and away from the open
~end of the wire, Therefore, manipulation of the lure had to
be accompanied by an awareness that the lure movements had to
be undirectional, - toward the 'open' end of the wire, The
fact that in the 18-24 month subject group, a negative
 correlation was found between to and fro movement and success,
would indicate that those subjects kachieving high success
rates on the wires were aware of the need for this directed

movement if the lure was to be removed from the wire.

In contrast,’” the 12-14 month‘ and 14-18 month groups produced
fewer significant correlations, indicating a reliance on a
wider base of behaviours to achieve success. In the 14-18
month group, spinning/hittinq is negatively correlated with
total rintentional' successes, while manipulating around

corners is positively correlated with total successes and
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total intentional successes, patterns which were found in the
oldest age group of children, indicating a more directed

approach to the task,

;The 12-14 month group of children are the only ones to produce ”
a poeitive correlation between spinning/hitting tand total
success, It can be argued that in this youngest group, where
this behaviour was more prominent, it was the dominant
strategy used in achieving success that worked particularly
well on wires 1 and 4. A positive correlation was also found
between this behaviour and 'intentional' success and from the
explanation of intentional successes above, this would appear
to be a contradiction in the classification of successes,
However, it is possible that while this strategy was used to
achieve movement of the lure, the final removal had a more
controlled quality resultihq in the retrieval of the lure

~ being classed as 'intentional'.

The mahipulatioh of' the lure to and fro oh the wire’ is
positively correlated with 'intentional' success in this age
group. It is possible that this behaviour is exploratory. It
demonstrates the ability of this youngest age group to
mahipuiate the lure, and aleo indicates a lack of awareness in
‘relatihg the lure movements to the ‘'‘open' end of the wire,
Another interpretation of this movemeht is that it indicates a
htrial and error approach to the task, one that contraste with
the 18~24 month children where this trial and error approach
is not used by those achlevinq high success rates on the wire

tasks.
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One last point of contrast between the three age groups
emerges from this correlation data, The oldest children
produce negative correlations between breaks in behaviour and
success, both total success and intentional success, bhut
produce a positive correlation between breaks in behaviouf and
'accidental! success, The 14-18 month group producés a
negative correlation between breaks in behaviour and
'intentional' success while the youngest group of subjects

produces a positive correlation between these two categories,

It can be argued that within the 14-18 month and 18-24 month
age groups, those subjects achieving high 'intentional' rates
of success carried out the task in a well-organised fashion,
There was little stopping and starting of the task, This is
 supported by the success time data which indicates older
children achieve faster solution times. In contrast, the
| younger subjects' approach to the task was more fragmented,
there were a lot of breaks in behaviour and they subsequently
took longer to succeed, a pattern often related to trial and
error behaviour, . While this is mainly the case in the
youngest age groups, some of the older children who recorded
taccidental’' successes also approached the task in: a
fragmented manner with a larger number of  breaks in

~ behaviour,

The pattern that emerges from this qualitative analysis  of
behaviour on the wire tasks is that the older children achieve
a higher number of 'intentional' successes and that they do

this by using behaviours that are appropriate to the task.
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They avoid using behaviours which would reduce the possibility
of success, The younger subjects record a lower level of
success on the wire tasks and of those successes achievéd, a
higher number are classified as 'accidental’, The reason for
this pattern is the reliance by ybﬁngerA children on more
direct strategies, They record a higher frequency of these
behaviours and produce positive correlation bhetween these

- behaviours and success on the wire tasks,

A number of other studies have indicated that children, when
faced with problem-solving tasks, adopt direct approaches in
their - initial attempts to solve the task (Kohler, 1925;
Richardson 1932, 1934; [Koslowski and Bruner, 1972;
Fitzpatrick, 1978) and previous work on the wire tasks has
~ indicated that spinning/hitting the lure is a common strateqy
‘(Hollis, 1962),

One .possible explanation for the '.hiqh frequency of
spinning/hitting the lure may be in the child's previous
experience.f Unlike the lever task, the bent-wire task cannot
be regarded as totally novel, . Many children have cot toys
which hang across their cots and they are encouraged to hit
and spin the toys which are suspended before them, This
previous experience, coupled with the ~fact that the
experimenter did spin the lure to attract the infant's
attention, may have influenced the amount of this behaviour
recorded, However, this does not ekplain why olde: children,
who displayed this behaviour as well, changed their strategies

to more appropriate ones, - The results indicate a
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quantitative and qualitative change in performance with age

and that the approach to the task is related to success,

One explanation for the performance variation on this task
~would be to sugéest that it is reflecting tﬁ,e development of
| manipulatory s]éill. The wire task, in differentiating
between those children that can manipulate the lure ahd the
improvement that takes place in performance across the three
age groups, is a reflection of the superior motor skills of
the older children, Davis (1974) has argued that while motor
skill must play a part in this task, it does not explain all

of the variation in performance found in this task,

In the present study, the manipulatory skills necessary to
solve the task were displayed at all age levels and the
experimenter noted many younger subjects demonstrating the
ability to move the lure aionq the wire but then abéndoning
i:his strategy in favour of spinning/hitting the 1lure, Y
this task is simply a reflection of motor skills, the
underlying skill in solving any of the tasks is the same yet
if the degree of wire complexity influenced performance

levels, subjects would solve one task but fail on another,

The arqument that this task is reflecting manipulatory skills
could lead us to the expectation of an improvement ih
performance over the six trials as subjects learn or refine
the relevant skill, Figure 4j shows the pattern of successes
over the six trials irrespective of the actual wire in each

trial, For each of the three age groups, there is no pattern
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that would indicate that any learning took place over the six
trials.

Davis (1974) suggested that the reason why the 3-5 year old
“qhildrenproduced error-free tasks was a reflection of their
superior perceptual abilities, They were able to perceive
the demands .of this detour task and make the correct
movements,  Furthermore, since the 23~-25 month old children
were the first to be recorded p:pducing errors on this task,
itvwould‘indicate.that the ability to solve this detour task
emerges at the end of the second year.  If this is the case,
then the present sample of 12-24 month old subjects may be
reflecting the development of this ability.

" While motor skills are improving throughout this period, this
in itself does not appear to provide a full explanation of the
variation in performance, - The major area of development is
in the-child's cognitive abilities, with the literature on
cognitive = development  emphasising  that = the. child's
- understanding of objects and plans, changes quite markedly at
around 18 months. . In the case of Plaget (1953) and Bruner

(1973), this is the culnination of the sensorimotor period,

- This coincides with the,'most’,noticeable _improvement in
performance on the wire tasks and it was noted earlier that
there was a degree of overlap between the performance of the

12-14 month and 14-18 month age groups.
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Focusing upon the cognitive changes that take place in the
second year, the transition from stage IV to stage VI would,
according to Piaget (1954), explain the child's increasing
ability to deal with these detour tasks, In addition, the
qualitative changes in performance that have been noted may
reflecf the move from secondary circular re'actions to tertia‘:ry
circular reactions and culminating in the child's ability'.to

represent action internally.

The reliance of younger subjects on spinning/hitting the lure
could be interpreted as the child applying a familiar action
to a new situation, This has been found to be a common
strategy in many problem solving situations (Richardson, 1932;
Kohler, 1925; Koslowski ahd Bruner, 1972; Fitzpatrick, 1978).

- It is possible that the child is- directiriq their behaviour
towards a goal and demonstrating intentionality of action but
that the means are not sufficient to attain success on a
consistent basis.” The move to stage V and the tertiary
- circular reactions associated with this stage allows the child
to discover new means through active experimentation, This
experimentation is often displayed in trial and error patterns
of behaviour,  Uzgiris ~and Hunt (1975), in discussing
means-end tasks drew a distinction between successes achieved
by trial and error and those achieved by "insight". An
indication of trial and error behaviour on this task may be
found in the to and fro manipulation of the lure, The
frequency of this behaviour is highest in the 14-18 month

group of children and is positively correlated with success in
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the 12-14 month subjects, while in the 18-24 month subjects,
this behaviour is negatively correlated with 'intentional' and

total successes, . -

Finally, the transition from stage V to stage VI of the
sensorimotor period -is marked by the child's ability to
discovef‘new meansvby internal representation or it may be
viewed as the external experimentation of stage V now taking
place internally, prior to action, Uzgiris and Hunt (1975)
argued that examples of this were to be found in solutions to
- novel tasks that toock place without any overt trial and error,
The present study did not use this approach when analysing the
 data, . However, from inspection of the behaviour patterns,

the majority of successes that took place without trial and
"error on this task were found in the 18-24 month old subject
group.,\Thisqtentgtive conclusion would need t0~bersup§orted

by further experiments on this task,

The relationship between breaks‘in behaviour and success may
indicate that trial and error behaviour was not common amongst
those 714-18u@month_‘and '18-24 nonth subjects who achieved |
increasing numbers of intentional successes, The underlying
assumption was that trial and'errbr behaviour would be marked
by a fragmented approach to the task and if thiskassumption is
~ accepted, it would also explain the variation in solution

times that were found.

By focusing upon the cognitive changes that take piace in the
sensorimotor period, it is possible to argue that performance

~
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on these wire tasks reflects the child's understanding of the
task, It may also explain why 3-year-old children make no

errofs on this task (Davis 1974).

The wire tasks had not been used oﬁ a group of subjects in
this age rangé before, Héwe&er, these tasks ére éépable of
distinguishimg between the thfee age groups in question‘in
both a qualitative and quantitative sense. The main
hypothesis regarding an age pattern in performance was
supported, although the expected variation in performance on
'away; and 'toward’ wires was not found; In addition, some
variation in performénce‘ emerged from the presentation of
- wires to the right or left of the subject’s midline and this

was not expected from previous results,

Theée results suggest that this task has some value in our
understanding of development but’the pfesent study, due to the
small number of triéls used, has failed to clarify all of the
~ wire variables which may influence performance, ThereAis a
heed, therefore, for a more detailed study to consider which
of the variables, outlined by Davis (1974), influence

performance within this age range of childrgn.
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CHAPTER 5

- SPATIAL TASK -~ RESULTS AND DISCUSSION

(i) RESULTS

An‘,anaiysis of variance was carried out on the number of
snccessful trials per snbject. Age (12-14 months, 14-18
months and 18-24 months), experimental group (standard, cross

and covered lever groups) and sex were the between subject

factors

The analysis produced significant age differences (4f, 2, 107;
F = 25,81; ‘p <. 0.0001) and inspection of the significant
variable means indicated that the 18-24 month subjects had the
4highest mean score and the 12-14 month age the lowest mean
_ score (see Table 5a).

Teble 5a - Mean number of spatial task successes
in each age gqroup

Significant Variable Means

Age Group Mean Spatial Task Success
12-14 nonths 2.32
14~18 months 3.12
18-24 months | 3.81

- A total of 10 subjects failed to record any successful trials;
5 in the 12-14 month age group, 3 in the 14-18 month age group

and 2 in the 18-24 month sample,
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In addition, the analysis of variance produced a significant
age/experimental group interaction (df, 4, 107; F = 4,01; p <
0,01), Figure 5a provides some elaboration of the analysis
of variance results and gives some indication of the

age/experimental group effect.,

From the graph it can be seen that the age effect'.for
successful responses is most prominent in the standard lever
group. While the cross and covered lever groups suppbrt this
age pattern, they produce a less marked difference between age

group performance,

Comparison of age group differences in performance within
experimental groups accentuates this point, with the standard
lever group producing significant results for all age
comparisons on spatial task success, The t-test analeis
compared those subjects with one or more spatial task

‘successes and produced the following results:
Comparison of age groups within the standard lever group:

~12-14 month and 14-18 month groups:

t(22) = 2,34; p < 0,05; two tailed

12-14 month and 18-24 month groups:

t(22) = 10.55; p < 0.0001; two tailed

14~-18 month and 18-24 month groups:
t(24) = 7.48; p < 0.0001; two tailed,
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In all of the above, older subjects produced a higher number

of successful trials.

A similar analysis, comparing those subjects with one or more
spatial task successes, was carried out for tﬁe age groubs
within the crbss lever qroup.é A significant diffefence was
found to exist between the pefformance of the 12-14 month“and
18-24 month subjects (t(28) = 2.87; p < 0,01, two tailed]
indicating the superior performance of the 18-24 month
subjects.

Comparison between the other age groups within the cross lever
group failed to produce significant results, However, mean
spatial task performance for each age group indicates a trend

that follows the overall ANOVA pattern (Table 5b),

Table 5b - Mean Number of Spatial Task Successes within
each experimental qroup

: e - | Standard Lever Cross Lever| Covered Lever

Age (months) Group Group . Group
12-14 1,40 2.53 2,27

1418 |- 2,27 3.27 3,20
18-24 3,93 3,53 . 3.47

Within the covered .lever group a significant result was
obtained when comparing 12-14 month and 18-24 month subjects'’
successes on this task [t(26) = 2.82; p < 0.01, two tailed),

~ indicating the superior performance of older subjects on this
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task. Inspection of the age group mean perfdrmance results

(Table 5b) indicates the general trend of higher success rates

within the older subject groups.

Table 5¢ pro&ides a breakdown of the results for all

categories of response on this task for the whole sample

irrespective of experimental group.

The number of succeséful

trials (i.e. correct responses) reinforces the previous ANOVA

results while the error patterns that emerge would appear to

indicate an age patte

rn.

Table 5c - Spatial Task Results for Age Groups

Category of Spatial
Task Response

Number of responses for each category

(5 trials per subject)

12-14 month| 14-18 month| 18-24 month
Correct 93 131 164
Egocentric 30 26 15
Other | 64 49 26
Fail = 38 19 20

12-14 months  14-18 months 18-24 months

No, of Ss making
egocentric errors

No. of Ss making
'Other' errors

20

38

18

28

15

17

Figure 5b illustrates the pattern of results for each age

group in all categories of response to the spatial task, -

It was noted earlier that the ANOVA produced a significant
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age/experimental group interaction and Figure 5b illustrates
this in greater detail, Of particular interest is the
variation in performance of subjects who are in the same age
;\group but in a different experimental group., For example,
from F“igure 5b thé number of correct responses recorded by the
12-14 monfh standard lever subjects is lower than that
recorded by the 12-14 month cross lever subjects and covéred
- lever subjects. A closer analysis of the latter variation in

performance failed to produce a'ny significant results.

Analysis of these differences in correct responses between the
14-18 month standard lever subﬁects and the 14-18 month
covered lever subjects did produce a significant difference
[t(25) = 2.33; p < 0.05, tow talled] showing that a larger
number of correct responses were recorded in the covered lever

- group,

| Similarly, the comparison of the 18-24 month standard lever
subjects and the‘ 18-24 month cross lever subjects' performance
produced a significant difference [t(21.7) = 3.}53; p < 0,01,
two tailed]. A further comparison of the 18-2¢4 month
subjects in the standard and covered lever groups also
produced a significant result [t(19.7) = 3,16; p < 0,01, two
tailed] and in both cases the standard lever 18-24 month

subjects produced significantly more correct responses,
In both of these analyses the test for equality of variance

(Levene test) was significant and the BMDP Manual (1981)

advises the use of t-tests where the variance of each group is
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Figure 5b overleaf
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estimated separately. The degrees of freedom are

approximated in this analysis, (BMDP, 1981, p.96).

The ANOVA carried out on correct responses did not indicate
any sex differences in performanée. However, between' group )
comparisons of male “and female subjects did produce some

significant results,

In the case of male subjects. in the 18-24 month group,
significant differences: in successful trials were found
between males in the standard and cross lever group (t [14] =
2,94, p < 0,05, two tailed) and the standard and covered lever
groups (t [13} = 2,75, p < 0.05, two tailed), both results
demonstrating the superior performance of males in the
standard lever group, Comparison of female subjects’
performancé “in  this age group produced no significant

results,

The . male subjects in the 12-14 month age group produced
significant differences in successful performance when
comparison of the standard and cross lever groups was carried
~out (t [14]) = 2,26, p < 0,05, two tailed) and the results
indicate that males in the cross - lever group were more

successful on this task.

The only significant difference to emerge: between female
subjects was found in the 14-18 month age group when
comparisons between the standard and covered lever groups

indicated that females in the covered lever group produced
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more successful trials (t [12] = 2.34, p < 0,05, two tailed).-

It was noted earlier when inspecting Table 5¢ that the error
patterns varied between age groups. In both the egocentric
and ‘'other' error catééories the 'younger subjects produced
more errors than older éubjects. Figure 5b draWs‘attention
to this pattern within each experimental group.  The patfern
for egocentric and 'other' errors in the standard and covered
lever groups follows the established trend, namely younger

subjects producing a larger number of both types of error,

The cross lever group, while broadly following this pattern,
does vary somewhat, with the 14-18 month age group producing
more egocentric errors than the 12-14 month group and the
18-24 month subjects producing more 'other' errors compared to

the 14-18 month age'group.

In all cases the number of failed trials was highest for the
12-14 month age group while the 14-18 month and 18-24 month
subjects recorded fewer failed trials and produced little

variation between these two age groups,

Analysis of variance of the error patterns was hampered by the
problem of empty cells, However, age differences in error
patterns emerged when subjects were categorised by age
irrespective of experimental group. At this level,
significant differences were found for egocentric errors
between 12-14 month and 18-24 month subjects who had at least

one such error recorded [t(33) = 2.62; p < 0,02, two tailed].
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A significant difference was also found between the 14-18
month and 18-24 month age grups [t(31) = 2,37; p < 0.05, two
tailed]. In both cases the 18-24 month subjects produced

fewer egocentric errors.

Furthef analysis of this material was hampered by low error
rates (e.g. in the standard lever group 18-24 month subjeéts,
n = 2 for egocentric errors), However, where it was possible
to compare experimental group performance no significant

results emerged.

An analysis of error patterns between age groups within each
of the experimental groups was also hampered by low error
rates, but where analysis was possible no significant results

were found,
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(1) ©  DISCUSSION

Piaget (1954) proposed that one of the major changes in the
second year of the sensorimotor period was the child's
developing spatial knowledge, The transition from stage IV
through to stage VI is highlighted by thé ‘understanding of
reversibility and associaéivity, which in tﬁrn are at the root
of the explanation for fhe emergence of detour'behaviéﬁrs.
Piaget's proposal draws attention to the relationship between
the development of detour ability and spatial knowledge in
general and provides the rationale for the present study's

interest in the child's spatial performance.

| The task used in the assessment of the child's spatial

knowledge was adapted from Wishart and Bower (1982) and
required the child to recover a hidden toy from under one of
‘three cups after the relative position of subject and toy had -
been changed by moviﬁg»the child, - This allowed the subject's
'performance' to be categorised as; correct (solution),
egocentric (response failed to allow for relative change of
position), other (where the response was to search under the
third cup) and failed (where the child moved towards a cup but
did not search under it).

The main analysis of results for correct respohses,'indicated
that successful responses were recorded in all age groups but
in addition, performance improved as age increased, The
analysis also draws attention to the variation of this result
between experimental groups (Figure 5a) and the results of age

group comparisons within experimental groups indicated that
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the strongest age trend in successful performances was to be
found in the standard lever experimental group. The cross
- and covered lever groups did not produce the same consistency
of significant results although the trend of results in these

latter two groups were always in the expected direction,

This pattern of successful performance supports the ini%ial
hypothesis and falls in line with the general development of
spatial ability (Piaget 1954), and in itself is not
surprising, However, the error patterns that were found in the

analysis, raise a number of interesting issues,

As in Wishart and Bower (1982) all age groups produced both
egocentric and 'other' errors and in addition, the fourth
category of failed trials was also present in all age groups,
" The error pattern that emerged indicated that younger subjects
| produced a greater number of these errors than their older

counterparts,

In the case of the 12-14 month group, the number of egocentric
and ‘'other' errors is marginally greater than the successes
achieved by this group and while the 14-18 month and 18-24
month age groups do not have such high error rates a notable
number of trials were still producing errors (33% for the
14-18 month-éubjedts; 18% for the 18-24 month age group). From
Table 5c, the number of subjects who made errors can be noted
and it cannot be arqued that these errors were being produced
by a small minority of subjects, Furthermore, the variation

in performance on this task, particularly in the younger

-
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subject groups, -was such that the same subject recorded
correct, egocentric -and other responses  amongst their five

trials, .

Within experimental groups, the pattern of errors found in the
‘overall  sample was maintained, the exception arising in the
cross lever group where the 14-18 month subjects recorded more
egocentric errors than the 12~14 month age group and the 18-24
month - subjects  produced a higher number of 'other' errors
compared to the 14-18 month age group. Neither difference

proved to be significant,

It was noted earlier that statistical comparison of error
patterns\within experinental groups was hampered by low error
rates, Howevef, at the general age level of analysis,
irrespective . of experimental group or sex, significant
differences in egocentric errors were found between the age
groups, emphasisingkthe familiar pattern that younger subjects

produced more egocentric errors than older subject groups.

The  analysis _“ofA‘; results  produced a significant
age/experimgntal group interaction and from the more detailed
comparison between experimental groups, differences were found
~in performance for the same age group of subjects across
éxpefimental grbubs.‘These’éffectéwwéré'not anticipatéd’since
Sﬁbjeéts wére‘:assighed'\fs éxﬁeriméhfal; groupé ‘on a random
basis and the type of léVer'task'perfbrmed by the subject was

ﬁot‘éxpécted to‘influence pérfotﬁancé on this task.
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These effects demonstrate the difficulty of sampling an
infant population with confidence and constitute a tribute to
the great individual veriation of cognitive 'characters' in
the population.
:

The factors in the enalysis of resuits were age, experimental
group and sex,  While the first tﬁo have been shown to‘have
influenced the results, the last variable, sex, does not
appear to have played any role in distinguishing between
subjects' performance., It should be emphasised that the sex
of the subject was not expected to influence performance but
Figure 5a does draw attention to some male-female differences
in performance.” Under closer scrutiny, none of these

differences turned out to be significant,

The main point of contrast between the present results and the
earlier work of Wishart and Bower (1982) is to be found in the

pattern of Other errors recorded,

The present study has noted a higher incidence of Other errors
and has shown that this category of error is greater than the
recorded Egocentric errors for all age groups., This pattern

contradicts Wishart and Bower's (1982) results,

The present results indicate that Other errors are dominant in
all age groups and that this pattern is found in each
experimental qroup, although the cross 1ever experimental

group deviates slightly from this pattern,
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It is possible that the procedural changes introduced in this
study have in turn introduced an experimental artefact which

has inflated this category of response,

The procedure in the present étudy involved moving the child
120° around from their original position at the table and then
encouraging them to retrieve the object, The time délay'
between the child being moved and search for the object was
kept to a minimum as the excessivé delay in Bremner and Bryant
(1977) and Bremner (1978a) may have influenced performance,
Wishart and Bower's study used a rotating table and chair
“device that allowed the table or child to be moved and when
the infant was allowed to search for the object, they reached

from their seated position to the desired dup.

The - present study had avoided the use of this type  of
apparatus since it was based upon rotation, théisame movement
that is the source of solution for the lever task and it was
felt that the inclusion of a rotating device in the spatial
task may interfere with performance in the lever task and vice

versa,

Once the child had been moved and encouraged to search the
child's path to the Egocentric cup resulted in them passing
the Other cup. It is therefore possible that the child was
distracted by the closer cup on the path actually traversed
and lifted it creating an Other error.
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If this effect did occur the net result would be to inflate
the number of Other errors and at the same time deflate the
number of Egocentric errors., While this is an important point

in the example outlined above, it influences the category of
error::>' and does not detract from the infant's failure to solve

| the task.

In explaining the success of infants or this task, it could be
arqued that it reflects an understanding of spatial relationms,
However, alternative explanations are possible. One such
explanation is that the child solved the task, not by relying
upon cognitive ability, but rather by perceptual means. They
watched the cup that was covering the toy as they were moved
around the table, Due to the static camera, it was not
possible to . record subject's gaze during movement in any
systematic fashion, However, on those trials where it was
possible to note subject's gaze during movement, subjects
either failed to focus attention on the relevant cup or
searched under a  different. cup from the one théy ‘were
attending to. These observations were of a very occasional
nature and their reliability is questionable.  Wishart and
Bower, on the other hand, explored this possibility more
systemtically by retesting a small sample of their subjects
while using a screen to prevent visual tracking of the
relevant cup. These results indicated that a cognitive

explanation of performance on this task was more likely.

An alternative explanation for success on this task could ke

that the infants who succeeded were using landmarks in the
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room to solve the task. In the last few years, there has
been a . growing body of litérature‘that has focused on the
ability of the infant at the end of the first year to use
landmarks (Acredelo 1978; Acredelo and Evans 1980; Presson and
- Ihrig. 1982; Keating, McKenzie and Day 1986; Meuwissén anq"
McKenzie 1987), indicating the role of visual informaéion on

the infant's ability to locate.objects in space.

The test room in the present study provided the subject with a
number of landmarks = the window, the door, the video
equipment and the presence of another adult who remained
stationary during the test, All of these could have been
used by the subject to help locate the object.

However, the presence of landmarks does not mean that they
will be used and if they are, some indication of this may be
found in the infant's behaviouf; For examplé, if the object
is hidden under the cup nearesf the video equpment and the .
infant notes this, once they have been movéd “they would
relocate the relevant cup by checking with the position of the
video equipment, Observation of the subjcts during the trials
and on video tape after the trials, failed to provide any
support for the idea that subjects were using this type of

information.

Alternatively, if landmarks were used by subjects to succeed
in this task, why is there such a large variation in subject's
performance across the five trials? This variation is

particularly noticeable in the 12-14 month age group where the
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same subject records a combination of successful trials,
egocentric errors and other errors over five trials, It is
only in the 18-24 month age group that a degree of consistency
emerges in performance, If landmarks were being used by
subjects, it is arguable that a more consistént ﬁattern of
Vresultvs would emerge, -

Finally, support for the argument that the use of landmarks
does not explain success on this task is to be found in
Wishart and Bower (1982), In their study, the room used for
testing had a minimal number of possible cues present and they

recorded no use of these landmarks during testing,

It was noted earlier that the age pattern of successful
responses on this task was not particularly surprising and
indicates qualitative advances in the infant's spatial
knowledge in the second year of life, These advances have
been noted by other resarchers., Keating, McKenzie and Day
(1986) argued that it was not until the second year that
infants could successfully locate objects without landmarks,
by relying on an inferential strategy, Reiser and Heiman
(1982) suggested that while detour behaviours can be observed
early in the second year, the more sophisticated detour
strategy of 'shortest route' does not emerge until later on in
~ the second year as the child develops a self reference systenm
indicating an awareness of the general properties of space,
McKenzie and Bigelow (1986) provide some support for shortest

route detour behaviour emerging later in the second year,
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However, the fact that infants in the latter part of the
second year are still producing errors ' suggests that the
three cup task is particularly difficult and furthermore may
 provide some support for Wishart and Bower's (1982) argument
‘that the infant's understandingj@ of ‘revlations between objecté.
and bétween seif and object doe?:s not emerge fully until they
have a stable object identity,: as indicated by the attainméht
of the stage VI object permanence task. Unfortunately, no
data was collected on the infant's performance on stage IV or
VI object permanence tasks, Therefore it cannot be stated
that stage VI infants were still making egocentric errors
although Wishart and Bower (1982) did show this to be the

case,
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CHAPTER 6

RESULTS AND DISCUSSION

(i)  RESULTS

Age has been shovn to be a major influence when reviewing
performance on each task, Figures 6a, 6b and 6c show the
. mean pérformance levels for each task for the éhree age groups
within each expefimental group and emphasises the improvement

in performance associated with age.

To ihvestigate the relationship between performance on each of
the taéks, a correlation analysis (Pearson'é 'rt) w;s carried -
out focusing uﬁon eéch age group within the experimental
groups. : Tabies 6a, 6b and 6c (which are at the end of this

 Results Section) represent a summary of this analysis and

 attention will focus upon three main aspects:

(1) yleVer task - wire task correlations
(ii)_ki lever taSkk- spatiai task correlations

(iii). wirevtask - spatial task'correlations.

(1) lever task - Wire task correlations

Within all experimental groups, a positive correlation emerged
between léver and wire task performaﬁce for all éqe‘groups.
The exception to this pattern were the 12-14 and‘14-18 nonth
old subjects in the covered lever group ref;éctinq their
failure to record any successes on the lever tésk. While the
gorrelation trend was positive, only one result attained a

significantly acceptable level, namely the 14-18 month
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Figure 6a

Overall performance (mean scores) standard lever group
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Figure 6b - Overall performance (mean scores) cross lever group
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Figure 6c - Overall performance (mean scores) covered lever group
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standard lever subjects (r = 0,649; n = 15; p = 0,01, two
tailed), In addition, some variation in the strength of
correlation between the tasks was found acrbss experimental
- groups; in particular vthe 18-24 month covered lever group
produced a very weak positive correlation between performance

on the two tasks.

A correlation analysis between lever and wire task success for
each | experimental group ignoring age groups produced
significant positive correlations between these tasks for the
standard and cross lever groups, However, a correlation
analysis where age was partialled out failed to substantiate

this relationship (Appendix 5 provides correlation results),

From previous chapters it will be recalled that a number of
sub-categories were employed in the analysis of the wire
tasks. Both of these categories were employed in the present
analysis; however, few significant correlations were found.
The analysis of thé | 'intentional' success and lever
Vperformance produced a positive and significant correlation
for the 12-14 nmonth standard lever subjects (r = 0,558; n =
15; p = 0,05, two tailed) and on the cross lever group the
correlation between these two categories, while pqsitive, just
- failed to reach significant levels in the 12-14 and 14-18

month groups.

The analysis of ‘accidental' success and lever task
performance failed to produce any significaﬁt results although

in the case of the 14-18 and 18-24 month cross lever subjects,
negative correlations were fouhd which were Just DYelow

acceptable levels,
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The correlation trend indicates that 'intentional' success had
a stronger, positive relationship with lever performance when
compared to 'accidental' success, where the correlations were
negative in many cases, The exception to this trend was the
14-18 month standard lever subjects.where the correlation frbm

both categories of wire success were comparable.

Correlating the number. of wire successes where the wire faced
'toward' or ‘'away' from the subject with lever performance
produced only one significant correlation for the 14-18 month
standard lever subjects, The number of 'away' successes was
positively correlated with lever success (r = 0.544; n=15; p
= 0,05, two tailed). Examination of the results failed to

suggest any trends in the correlation,

(11)  Lever task - Spatial task cbrrelations ‘

Tables 6a, 6b and 6c.show that no significant relationships
were found between performance levels on these two tasks,
The correlation résults are  all relatively weak. However,
. there.is some experimental group variation in the direction of

the correlation,

In the standard lever group, all age groups produced a
positive correlation Dbetween spatial task and lever
perfofmance. In contrast to this, the cross lever gqroup
analysis resulted in negative correlations for all age groups
and this’pattern ﬁas continued in the covered 'lever group
where the 18-24 month subjects, the only ones to record lever

successes, produced a negative correlation between these two

e
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tasks.
The most notable result from this analysis is the lack of any
significant relationship between subjects' performance on

these two tasks.

(iii) . Wire task = Spatial task correlations

The analysis of the relationship between wire task performance
and spatial task performance produced only one significant
correlation, A positive correlation was found between
performance on these tasks for the 14-18 month subjects in the

covered lever group (r = 0,515; n = 15; p = 0.05, two tailed),

The correlation figqures do indicate some experimental group
variations.f In the standard lever éfoup, performance on the
- wire and spatial tasks is negatively cérrelated,; with the
12-14 month age group reéult just following below
significantly acceptable levels, The-cross‘levef group in
contrast produced: a pdsitive correlétion trend between these
two tasks and the covered lever group reflects both of these
trends with a positive correlation for the 12-14 and 14-18
month subjects and a negative trend for the 18-24 month

subjects,

Focusing attention upon the wire sub-categories : fails to
improve the number of significantly acceptable results,
Analysis of “the relationship petween - 'intentional! “wire
success and spatial task performance failed to produce any

significant results, while the analysis based on 'accidental’
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wire success produced one significant negative correlation for
the 12-14 month standard lever subjects (r = -0.618; n = 15; p
= 0,02, two tailed).

The analysié of 'away' and 'toward' wire success with spatial
task performance produced two sighificant correlations, 1In
the 12-14 month standard . lever subjects, a negaiive
correlation was found between ‘'away' wire task successes and
spatial task success (r = =-0,515; n = 15; p = 0,05, two
tailed) while the 14-18 month covered lever subjects produced
a positive correlation between ‘toward' wire success and
- spatial task success (r = 0.583; n = 15; p = 0.05, two

tailed). No discernable correlation trends were evident,

The results from this analysis failed to show any strong

relationship between performance on these tasks, -

From an inspection of Tables 6a, 6b And 6c, it can be seen
that the largest number of significant correlations are}found
between wire task performance and the sub-cétegories of the
wire task.  These correlations are of interest in the light

of earlier analysis of wire task performance,

The earlier analysis of wire task results showed that an age
pattern existed when looking at ‘intentional' and ’accidental’
successes with older subjects recording more 'intentional’
successes, The correlations between total wire success and
'intentional/accidental’ success provides support for these

earlier conclusions,
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In both the standard and cross lever groups, significant
positive correlationé -are found' between 'accidental' success
and total wire performance for the 12-14 month subjects. 1In
contrast, the 14-18 and 18-24 month subjects in both groups
produce a siqnificant and positive correlation béfween
'intentional' success and total wire success, This pattern
changes in the covered lever group where the 12-14 and 14-18
month subjects produce significant positive correlations for
both 'intentional' and 'accidental' successes when correlated
with total wire performance, Covered lever 18~24 month
subjects produced a positive correlation between 'intentional?’

success and total wire success.

These results support the argument that younger subjects’
successes -are more likely to be classified as ‘'accidental!
while * 18-24 month subjects' successes are comprised of

'intentional' successes.

No . distinction was found between performance on the
laway/toward' wires in the earlier analysis. and correlation
results show that for every age group.'away' and 'toward'
successes are positively correlated with total success., The
lack of variation in the correlation results indicates that
this sub-category of the wire tasks had no influence on

performance,
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Performance on Individual Wires

The six wire tasks varied in terms of complexity, direction of
solution and presentation to the 1left or right of the
subject's midline., It is possible that performance dn one or
two specific wires is reiated to success on the lever and

spatial task .

To consider this, an analysis was carried out where
success-failure on each wire was correlated wiﬂi performance
on the other two tasks, Tables 6d, 6e and 6f provide a
summary of this data and are to be found at the end of the

Results Section.

The three main areas of concern are:

(1) Lever and wire task correlations -~ only two
significantly acceptable correlations were - found in this
category. In the ,14-18 -month standard lever -group,
performance on wire 2 was positively correlated with lever
task performance (f: = 0;680f n = 15; p = 0,01, two tailed)
while the 12-14 month cross lever subjects produced a positive
correlation between wire 6 performance and lever task results

(r = 0,689, n=15; p = 0,01, two tailed).
The results failed to identify a consistent relationship
between performance on any one wire task with lever task

performance,

(11) Spatial and wire task correlations - within thie

category, - few significant = correlations were  found,
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Performance on wire 1 was positively correlated with spatial
1task'perforﬁahce'for the 12-14 and 14-18 month covered lever
subjects.  However, this result was not replicated in the

“other experimentél group‘resuits.

The>on1y other significant result was.recordéd in the standard
lever gfoup where a negative correlation was found between
wire 5 and spatial task performance for the 12-14 month

‘subjects.

The analysis failed to show a relationship between a specific
" wiré task and spatial task performance that was consistent

‘across experimental groups.

(1i1) 'Intentional/Acéidehtal'v wire success and wire task
cpifelations - the results from this analySis draﬁ attention
to the ége pattern in perforﬁahéé on the wire tasks. This is
‘most notable in the standard lever group vhere sucéess on
'sﬁedific’ wires is poéitively correlated with ‘'accidental’
sudcessesifor the 12-14 month subjects while-ﬁhe éorrelations

in the 18-24 month groups are with 'intentional' successes,

‘These results which are‘ supported to some extent by the
‘results of the cross‘and‘covered lever groups‘reiﬁforce the
:gualitativé differences in performance on the wire tasks which

have been outlined in earlier chapters.

The correlation results from both analyses failed to identify

a strong/and consistent relationship between performance on
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the three tasks; the implications and possible explanations

for these results will be discussed in the next section.

Qualitative relations between lever and wire task performance

To consider the relationship between the strategies displayed
on the lever and wire tasks, a correlation analysis was
carried out between the number of 'low' and 'high' strategies
used on the lever trials and the number of ‘'accidental’ and

'intentional' wire successes.,

This analysis was carried out for each age group within the
three lever conditions, Two significant correlations
emerged, In the cross lever 18-24 month subjects, a
signific;nt correlation was found between the number of !low’
lever strategies and 'accidental' wire successes (r = 0.52; n
= 15; p = 0,05, two tailed), The second significant
correlation was found in the 14-18 month covered levef subject
group, where the number of 'low' strategies correlated
significantly with ‘'accidental' wire successes, but in this
case a negative correlation was found (r = -0,567; n = 15; p =

0.05, two tailed),

A more detailed analysis correlated the highest strategy
recorded on each lever trial with total ‘'accidental' and

'intentional' wire successes,
Within the standard lever group only one significant result

was recorded on trial 1 for the 12-14 month age group, The

significant correlation was found between lever strategy level
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and 'intentional' wire successes.{r = 0,537; h = 15; p = 0,05,

two tailed),

The cross lever group produced three siqhificant correlations,
In the} 14-18 month age group, a significant correlation

emerged between 1ever stratégy level ahd 'intentional’ wi;g
successes‘on trial 1 (r = 0,515; n = 15;‘b~= 0,05, two tailed)
and VOh ﬁrial 5 a siQnificant cérrélation between strategy
level and ‘'accidental' wire success‘(r = -0,564; n = 15; p =
0,05, two tailéd). In the 18-24 month qrouﬁ,fa significant
correlation was found between strateqgy level and 'accidental’
wire success on trial & (r = -0.664; n = 15; p = 0,02, two

tailed).

The covered lever groﬁp prodﬁcéd¥ oﬂly ;tﬁo' correlations of
note, The first Significént ;esuit,&askfound in<£he 12-14
month Sﬁbjéct group on trial 4aWhere the;re1étioﬁship between
léver strategy leVel‘Eﬁd'{inteﬁtiohali wire successes prdduCed
a pdsitive correlatio@ (r = 0,578; n = 15§“p1= 0;05; twoz
tailed). The second Sigﬁificahtvresult was found in the 14-18
month group on trial 3 where the cprre;ationVlbetween the
strategy level used on the lever and"éccidentalf«ﬁfreLsuccess
prbduced a positive correlation (r = 0,647; n = 15; p= 0.01,

two tailed),

While representing only a limited analysis of this aspect of
the wire and lever task behaviours, ‘the results do not
indicate a strong relationship betweeh.thefstratégies used on

each task,



Table 6a - Correlations between Tagk‘Pérfofmance

12-14 month (N = 15) =

Standard lever Group

Accidental

Lever _wirés Spatial Intentional

Lever ‘

Wires - 0.244

Spatial 0.355 |-0.481 .

Intentional 3.558 0,424 0.371

Accidental | 4 918 3f§?1 -3?618‘- 0;196:;H' ‘ S

Avay 0.348 | 0.888 ,-3.515‘ 0.301 0.883

Toward 0.100 3?335 -0.354 0.453 N3?§21 V

14-18 month (N = 15) o
Lever | Wires | Spatial Intentionai Accidental

Lgver B B

Wires - 0,643

Spatial 0.027 {-0.,168"

Intentional 0.331 3?525 0.182

Accidental | ¢ 335 | 0,378 | -0.403 | -0.486 B

Away - 0.544 | 0,769 | -0.026 0.441 0,339

Toward 0.411 | 0.708 | -0.232 0,487 0,214

18-24 month (N = 15) o
Lever | Wires | Spatial 'Intentional Acqidgntalw

Leyer : |

Wires 0.246

Spatial 0.132 |-0,018

Intentional 0.202 ,ngfg S 0,113

Accidental | g 042 | 0,174 | -0.222 -0,422

Avay - 0.136 | 0.521 | -0.10¢ ‘,3f;4a*w1 0,471

Toward 0.315 3?;37 -0,066 ‘ 3?#25 0,152

“

204




Table 6b - Correlations between Task Performance
Cross Lever Group -

12-14 month (N = 15)

Lever | Wires | Spatial | Intentional | Accidental
Lever
Wires 10,371
Spatial -0,109 | 0,254
Intentional | ¢ 464 | 0,292 [ 0.013
Accidental |.g.070 | 0.606 | 0.205 -0.583
Away 0.089 | 0.564 | 0,342 -0,023 0.498
Toward 0.380 | 0.776 | 0.046 0.370 0.351
14-18 month (N = 15)
Lever | Wires | Spatial | Intentional | Accidental
Lever
Wires 0.194
Spatial -0,155 | 0,081
Intentional 0.419 3?535 «0,253
Accidental 1.5 430 | 0,233 | 0.325 -0,330
Away 0.13¢ | 0,949 | 0.004 0.697 0.210
Toward 0.224 | 0.977 | 0.128 0.556 0.235
18-24 month (N = 15)
lever | Wires | Spatial | Intentional | Accidental
Lever
Wires 0.178
Spatial -0,270 | 0,311
Intentional 0.123 3:553 -0,124
Accidental |.g 487 [-0,479 | -0.,068 -0.563
Away 0.178 | 0.702 | 0.322 0,199 0,092
Toward 0.047 | 0.601 | 0.071 0.565 10,769
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B Table 6c - Correlations between Task Performance
Covered Lever Group

12-14 month (N = 15)

Lever Wires | Spatial Intentiongl Accidental
Lever ..
Wires
Spatial 0,328
Intentional 3. 585 0.165
Accidental 0.531 | 0.087 |  -0.053
Avay. . . 3f;23 0,200 0,284 |- - 0,394
Toward 0.784 | 0.305 0,614 - 0.428 -
14418 nonth (N = 15)
Lever | Wires | Spatial | Intentional | Accidental
Lever
Wires
Spatial - 6.515
Intentional #gf§21 0,306 -
Accidental 3?292 0,425 0.000 . - -
Away . . . 3?353, 0,377 - 3f§4ew> - 3?257
Toward 0.895 | 0.583 0.673 0.591
18-24 month (N = 15)
Lever | Wires | Spatial | Intentional | Accidental
Lever
Wires 0,041
Spatialvv -0,293 |~-0,348"
Intentional | o, 189 ,3?613 - 0,028
Accidental  |.g 047 |-0.195 | -0.320 0,547
Away 0.135 3?324 -0,421 0.471 -0,053
Toward -0,056 3f§§z -0,195 - Agfsgs -0,281

-
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Table 6d - Correlations based on performance of success-failure

on each wire

12-14 month (N = 15)

Standa:g_gever Group

Wire Lever Spatial Intentional Accidental
1 0.340 -0.084 0.467 0.478
%
2 0.282 -0.324 0,068 0.570
"
3 ~0.112 -0,179 0.353 0.525
4 0.432 0.047 0.452 0.368
EE] KRER
5 -0,048 -0,718 0.075 0,764
6 EX X3
-0.048 -0.479 0.075 0.764
14-18 month (N = 13)
Wire Lever Spatial Intentional Accidental
1 0.180 -0,259 0.341 0,126
2 1233 FE X3
0,680 -0,259 0,021 0,759
*
3 0.497 -0.134 0.062 0.580
]
4 0.242 -0.095 0.554 -0.350
5 0,034 0.316 0,221 0.175
6 -0.049 0.037 0.444 -0.465
18-24 month (N = 15)
Wire Lever Spatial Intentional Accidental
L33
1 0.113 0,351 0.600 -0,123
2 0,060 0.027 0.373 0.262
* .
3 0,259 0,027 - 0.543 0,262
X%
4 -0.040 ~0,165 0.628 <0,029
. LT3 .
5 0,245 -0,086 0.631 0.140
®
6 0.315 ~0,221 0.526 10,210
Significance levels * 0,05
two-tailed * ¥ 0.02
Pearsons 'r! ¥ % % 0,01
xkkx 0,001
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Table 6e - Correlations based on performance of success-fallure

on each wire

12-14 month (N = 15)

Cross lever Group =

-

208

Wire Lever Spatial Intentional Accidental
1 -0.358 0.193 -0,013 0.281
2 0.253 0,492 0,070 0.087
3 0.365 0.053 0.427 0,203
4 -0.007 -0,147 -0.013 0,281
5 -0,023 -0,014 -0,118 0.239
6 EX X
0.689 -0,236 0,135 0.028
14-18 month (N = 15)
Wire Lever Spatial Intentional Accidental
1 0.325 0.008 0.366 0.255
2 -0,180 -0,028 0.154 0.398
]
3 0.144 0.098 0.516 0.146
4 0.325 0.008 0.443 ~ -0,082
5 1 ‘
0.080 0.028 0,701 0.099
6 0.084 0.199 0.459 0.175
- 18=24 month (N = 15)
Wire Lever Spatial Intentional Accidental
1 0.019 -0,130 0.252 -0.136
2 -0.079 0.423 0.164 0,150
*®
3 -0,038 0,178 - 0.411 -0,556
¢ 0.459 0,013 0.370 -0,259
5 0.036 0.278 -0.052 0,278
AKX
6 0.136 0.013 0.473 -0,669
significance levels * 0,05
two-tailed k¥ 0.02
Pearsons 'r! *k % 0.01
kkk% 0,001




Table 6f - Correlations based on performance of success-failure

on each wire

Covered Lever Group

12-14 month (N = 15)

Wire Lever | spatial ‘Intentional | Accidental
L o [ .33 ) . By
1 0.706 0.300 0.396
2 - 0.264 0.410 0,316
3 0.035 0.376 0.218
4 0.024 0.000 0,256
5
6 E3
-0.060 0.575 0,278
14-18 month (N = 15)
Wire Lever . Spatial Intentional Accidental
1 x % ]
1 o 0.619 0.418 0.560 .
2 *
LT X3
3 ; 0,423 0,734 0,123
E XX 3 ®
A . 0.282 10,705 ..0,582
x FX.X.]
S ] o0.267. 0,517 0.647
KKK
6 | 0,267 0,345 - 0.647
18-24 month (N = 15)
Wire Lever Spatial Intentional Accidental
1 0.048 ~0.124 -0,107 0,240
2 | -0.141 =0,524 0.115 0.353
: . X% ) )
3 -0.025 ~0,082 0.634 ~0.374
4 0.192 0.108 0.388 -0,184
5 1 o.220 ~0,379 0.492 -0,238
6 -0,101 0,205 0.502 -0,262
Significance levels * 0,05
two-tailed okk 0.02
Pearsons 'r’ : kkk 0.01
: xx%% 0,001

~
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(ii) - DISCUSSION

The most notable result to emergeifroh this analysis is the |
lack of significant correlations between performance on the
three tasks. It was hypothesised that performance cn the
lever and w1re task would be pos1tive1y correlated and that
the ability to perfornm successfully on both of these tasks
would be related to the child's spatial knowledge, reflected

in their performance on the spatial task.

The proposed relationship between the lever and the wire task
is based upon a common feature of both tasks, nainely’ that theY
are detour tasks ‘(Koslowski and Bruner, 1972; Davis, 1974).
The lever and wire task differ from the traditional detour
tasks of . reaching (Bruner, 19870) or locomotor ’detours

(McKenzie and Bigelow, 1986) where the goal object is
retrieved by the subject mouing in relation to a stationary
object. In contrast the lever and wire tasks require the
subject to move the qoal object around a detour ih order to

retrieve it.

The independent analysis of the leveryband wire task results
indicated that a similar age trend was found in both sets of
results, older subjects recording a higher humber of
successes, This age trenci was not coniined to the
quantitative aspects of performance but also emercjed from the
qualitative analysis of both tasks, While these results
suggest a parallel in performance, the correlation analysis

failed to support this hypothesis.
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In only one case was a significant positive correlation found
between lever and wire task performance, 'the - 14-18 month
standard lever gqroup. It was noted in the qualitative
analysis of wire performance that the 14-18 month subjects had
the highést frequency of 'to and fro' behaviourj; and it was
suggested that this may reflect the age group's éapproach to
the exploration of novel tasks, . The positive cori'elatioﬁ'may
reflect the application of trial and error strategies to both

tasks,

This explanation is weakened by the fact that the significant
correlation was found only in the standard lever group. It
has been argued that the cross lever, with its sub-goal, was
more likely to be‘ solved by a trial and error approach,
However, the correlation between wire and lever performance

for this experimental group was not significant.

Performance on the wire task was also considered to have
reflected qualitative differences in successful trials, - The
categories of 'intentional' and 'accidental’ wire success have
already been discussed and correlations based upon these
sub-categories failed to produce any strong support for a

relationship between either category and lever performance,

Kohler (1925), Richardson (1934) and Davis (1974) have all
emphasised the difficulty of performing detour tasks that
involve moving objects away from the self before retrieving
them, The wire task included sub-categories of wires where

solution involved moving the lure. toward or away from the
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subject's body while the lever required subjects to push the
~ lever raway from themselves in order that the goal could be
brought within reach. The analysis considered the argument
that a closer relationship existed between performance on

wires categorised as 'away' and the lever task.

Once again, this analysis failed to produce any consistent

pattern of relationship with only one positive correlation,

The more detailed analysis of success/failure on each specific
wire and its relationship with lever performance failed to
show that any particular wire was related to the subject's

lever results,

While few significant correlations were found, those that did
emerge are all in the hypothesised direction, However, the

lack of consistent results requires some consideration,

The assumption of comparability of the detour tasks may be
invalid, While the tasks may share the common factor of a
detour, the procedure by which that detour is carried out is a

point 6f contrast between the two tasks,

Davis (1974) noted that the bent wire task was unique in that
the manipulandum, discrimmandum and reinforcement are the same
objéét - the lure, In contrast, the lever task requires the
use of an intermediary rod, the lever, to achieve success,
The lack of correlation between the tasks may reflect this

distinction. In the bent wire task, subjects are receiving
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direct feedback from their actions when their hand is on the
lure and this coincides with the main focus of attention,
With the lever subjects, visual attention must be directed
towards their hand on the lever or on the movements of the
lure, The gaze data from theilever analfsis indicated that
subjects varied in terms of what they attended to - older
infants spent more of the trial time attending to the goal and
its movements while there was some evidence to suggest that
younger subjects attended to other sources of information, for

example, their hand on the lever.

It was also noted that the uniqueness of each task may not be
comparable, There is a parallel between the wire taék and
mobiles suspended horizontally across prams and playpens and a
child's previous experience on such toys may influence their

approach to the wire task,

These variations between the tasks could have a net effect of
increasing performance levels on the wire task, It is
evident that higher mean scores of success were achieved on
the wire task (Figure 6a) and the lack of significant
correlations indicates that some subjects were recording wire
successes without achieving lever task success, In the
covered lever group, 12-14 and 14-18 month old subjects failed
to record any lever successes but did record wire task
success, This méy be a reflection of the increased demands
of the covered lever task, However, subjects in the other
experimental groups recorded wire success -without achieving

lever task successes,
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The lack of synchrony between these two detour tasks could be

attributed to the different task requirements. Detour
ability does not emerge as an all-or-nothing ability. Piaget
argues that it is demonstrated in the behaviour of stage 5
children but with Eertain liﬁitations. For example, the
alternate route néeds to be immediately peréeptible. It is
only in stage 6 that these limitations are overcome with the
development of the ability to represent relationships between

objects,

Lockman (1984) has shown that detour ability develops across
domains at different rates, He noted that the ability to
solve reading detours emerged before the capacity to solve

locomotor detours,

Within specific domains the type of task influences the
display of detour ability, In the area of locomotor detours
the ability to move around a barrier is apparent in the latter
part of the first year (Lockman and Ashmead, 1983), However,
shortest-route detour behaviour does not emerge ~until the
second year (McKenzie and Bigelow, 1986; Reiser and Heiman,
1982) and certain locomotor detour tasks are not solved until

the end of the second year (Reiser et al, 1982),

Thus asynchrony in locomotor detours demonstrates that while
tasks may share a common basis, caution must be exercised in
assuming the equivalence of tasks in assessing any ability

(Corrigan, 1979).
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The  analysis of the relationship between spatial task
performance and wire/lever performance proved to be fruitless.
No strong support for the hypothesised relationship was

found, .

Piaget (1952, 1954) has proposed that the child's development
of spatial knowledge is related to their ability to either
reverse a displacement or to use one of several alternative
paths to a given goal, both of which are closely linked with
the child's detour ability. It is not until the end of the
sensorimotor period that the child:  is -credited with an
objective understanding of space; until then the egocentric
nature of the child's thought limits the capacity to take
account of an object's movement and limiFs' the child's
understanding of alternative paths in detour problems, that

is, associativity (Flavell, 1963).

The decline - in - egocentric responding - should therefore
aécompany an improvement in performance . on detour tasks,
Previous research has shown some relationship between spatial
knowledge and detour ability, = Infants have been shown to
solve a stage IV object concept task before being ,able to
carry out a reading detour ‘task where the goal was placed
behind a transparent barrier (Lockman, 1984; . Butterworth,
1983), . The ability to solve a stage IV object task indicates
for Piaget the establishment of a simple objective group, It
also demonstrates reversibility, a property relevant to the

solution of detours,
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This data demonstrates that 1tl is not the awareness of an
object's existence behind a barrier which stops the child from
retrieving the goal., Rather it is the fact that the child
must comprehend the spatial relationship between the objects
before being able to retrieve it The development of spatiAI
knowledge has also been related to the development of shortest

route behaviour in the second year (Reiser and Heiman, 1982).

The spatial task in the present study was used to consider the
childs' spatial understanding and the results, with some minor
variations, supported the work of Wishart and Bower (1982) and
indicates a decline in errors for older children. However,
the results of the correlation analysis produced no support
for the argument that improved performance on the spatial task

would be related to improved detour performance,

In the case of the lever and spatial task performance, no
significant correlations were found,  The analysis of wire
task and spatial performance produced only one positive
correlation betwen the tasks and this was found in the 14-18

month covered lever subject group.

Examination of the correlations using the sub-categories of
the wire task did not improve the overall tesults, The
category of infentional/accidental success produced one
significant negative correlation between accidental success
and spatial task performance for the 12-14 month standard
lever group indicating that success bhetween these two

categories was not related.
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The wire category of 'away/toward’ produced two significant
correlations, Firstly, a negative correlation hetween 'away’
wire successes and spatial task success for the 12-14 month
standard lever subjects and secondly, a positive correlation
between 'toward' wire successés and spatial performance for

tﬂe 14-18 month covered lever subjects.

It has been argued that movement away from the self requires a
more objective understanding of space, therefore a positive
correlation between ‘'away' wire success and spatial task
success would be anticipated, The fact that the results
contradict this expectation could bhe a reflection of the
failure overall to find any distinction between performance on

away/toward wire tasks,

The individual correlation of success/failure on each wire
failed .to provide any strong support for the relationship
between performance on any specific wire and spatial task

performance,

The failure to find some degree of synchrony between
performance on the three tasks is disappointing given the

pattern of results that were found when considering each task

independently,

In the discussion of the lever task results it was proposed
that one way of discriminating between the cognitive
explanation of Piaget and Bower for the results would be to

consider the relationship between lever performance and other
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related tasks, The structuralist's argument that the various
items within a stage develop concurrently reflecting the
generality of the underlying structures, results in the belief
that behaviour on specific tasks will reflect the child's
stage §f developmeht ~(Flavell, 1971),  The lack of any
signifiéant rélationship between detour ability and spatiai

knowledge weakens. this argument.

Lockmein (1984) also investigated the felationship between
detour ability and spatial knowledge proposed by Piaget. The
results provided limited support for Piaget's claims and in
particular failed to find the proposed relationship between
the development of associativity in the spétial and detour

domains,

These results, along with others (Uzgiris and Hunt, 1975;
Kopp, O'Connor and Finger, ‘1975) have resulted in Fischer
(1980) arquing that in deveiopment, synchrony is the exception
and unevenness in development is the rule, In a similar
vein, Gopink and Meltzoff (1984) in their study of the
relationship between language development and cognitive
development proposed that | abilities which require the same
conceptual level may develop 1in sequence rather than

concurrently,

The approach outlined above would explain the present study's
failure to find a relationship between the tasks by suggesting
that few relationships should be expected, unevenness or

decalage in development, is the norm,
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Alternatively, it may be argued that the assumption that any
measure of detour ability will be related to spatial knowledge
is wrong. CorriganA(1979) has arqued that this is a major
weakness in the structuralist’s position and it has already
been Suggested that the two detour : tasks were not comparable
in certain areas and that this dbuld explain the lack of
relationship between the tasks. Adopting this perspedi:ive
would suggest that the lack of relationship between the detour
and spatial tasks may be a reflection of the tasks chosen to

assess performance in these two domains,
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CHAPTER 7

CONCLUSION

This chapter will provide a brief review of the main results

and consider their consequences for the original hypotheses,

1, The Lever Task

The analysis of the data from this task supported the
hypothesised effect of age on performance. Age was found not
only to produce quantitative differences in performance but

also qualitative ones,

The qualitative differences were found in the physical actions
that children employed in moving the lever and also in the
direction of their gaze during 1lever manipulation. For
example, older children spent more time gazing at the object

while moving the lever compared to younger subjects.

In addition to the influence of age upon performance, the
lever design employed was also found to be an important
variable, Comparisons of children's performance on various
lever designs was not considered by Koslowski and Bruner
(1972) or Richardson (1934), However, the present study has
demonstrated that the  lever - design does  influence

performance,
In the present study, the cross lever design produced the

highest success rates followed by the standard lever, with the

covered lever proving to be the most difficult,
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The performance of children on the covered lever supported the
argument that lever success was not simply the attainment of a
skilled behaviour (Koslowski and Bruner, 1972) and that
cognitive factors may be an important element (Piaget, 1954;

Bower 1979a),

The analysis of the lever data also produced one unexpected

result, namely the influence of sex upon success,

The performance of males on the lever was superior to that of
females and it was argued that this could be interpreted
within the differential hypothesis of sex roles, whereby
differing parental attitudes and expectations for male and
female infants is reflected in the subsequent behaviour of
those children,

Future research on the lever task needs to focus upon the
performance of the 12-~18 month o0ld subjects on the covered
lever. It was suggested that the cover could be influencing

performance by:

(a) distracting subjects
(b) making the task physically more difficult

(¢) = removing necessary information.

Further research on this task may allew us to distinguish
between these alternative explanations, For example, the
physical difficulty which may be increased by the cover could

be investigated by using the cross lever design with a cover
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placed over it, The presence of the cross-strut would remove
any question of physical difficulty in explaining the results

of such an experiment,

2, The Bept Wire Task

The results indicated that age was the major variable
influencing performance on this task and therefore supported
the original hypothesis. As with the 1lever task, the
differences in performance between age groups was reflected,
not only in quantitative terms, but also qualitatively in the
behaviour displayed while tackling this task.

Davis (1974) noted that aspects of the wire design influenced
performance., For example, wire complexity and the direction
that the lure had to be moved, either 'away' or 'toward' the
subject. - While the analysis supported the - hypothesised
influence  of wire complexity upon performance, it failed to
support the argument that 'away' wire tasks would present more
problems for subjects. In addition, the results showed that
left or right presentation of the task was an influential
factor, Davis (1974) had not found this to be the case in

his research,

The failure to find support for the hypothesised difficulty of
'away' wire tasks must be noted, given that a central argument
of this research is that children experience more difficulty
oh tasks that require the subject to move the goal object away

from themselves in order to achieve a solution,
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The more positive aspect of the results is that it has been
demonstrated that this task can be employed in assessinq the
abilities of 12-24 month old children, This in turn opens up
two obvious areas of research, Firstly, since error patterns

are recorded for this age group, it is possible th?t between
Species comparisons could be made with this task, %Secondly,
given that the wire task is simple in construction and easily
administered, it may be possible to develop it as an
assessment tool. This, however, would require detailed study
to consider the relationship bhetween performance on this task

and traditional infant assessment scales,

(3) The Spatial Task

Wishart and Bower (1982) employed the three-cup task to
investigate the spatial knowledge of children., The results
of the present study supported their earlier results~and‘the
current hypothesis by indicating that age was 'the}lmajor
influence on performance, = The results showed that children
in the second year make errors in this task which reflects the

cohtinuing development of their spatial knowledge,

In contrast to the earlier work of Wishart and Bower (1982),
the present research did not find the same error patterns,
This was partly attributed to the fact that the current study
employed a design which required the child to be moved in
contrast to Wishart and Bower's -study where the table was

nmoved,
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4, Relationship between the Tasks

In considering the results of the analysis, little support was
found for the hypothesised relationship between tasks, This
is not only a problem for the present study, but also raises
the wider issue of synchrony between tasks, an issue that is

of central importance to the structuralist's view,

A number of alternative explanations were discussed to explain
this result, For example, McKenzie and Bigelow (1986)
suggested that detour ability emerges at different rates on
different tasks and the question of comparability between the

wire and lever task was considered,

The failure to find any support for the hypothesised
relationship between spatial ability and detour performahce is
of particular interest given Piaget's (1954) argument that
these two aspects are closely linked, The current results
may be due ﬁo the spatial task employed or the type of detour
tasks that were used, However, it must be borne in mind that
other researchers have failed to find the hypothesised 1link

between spatial knowledge and detour ability (Lockman, 1984).

The hypothesised relationship between these tasks may be
questioned by other writers, = Fischer (1980) has argued that
synchrony will Ybe the exception in devg}opment and that
decalage is far more common, The search for synchrony between
tasks, according to Fischer (1980), requires a more detailed

consideration of the demands of any specific task,
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The failure to find any relationship between these tasks
raises a further more fundamental questibn for infant
assessment, namely that if decalage is the norm, assessment of
infants and decisions regarding their level of development

cannét be made by relying upon one'measure of ability.
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APPENDIX 1

STRATEGY PROFILE FROM LEVER TASK

SUBJECT

TRIAL
1
2
3

STRATEGY

II, 1, II, V

I, 11, 1, 1I, III
I, II,‘I,.II, I, II
II

I, II
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APPENDIX 2

PRINT-OUT OF GAZE DIRECTION DURING LEVER
MANIPULATION
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BRIC 62 2 270 60 L
SUC 415 1 0 Q0 0 O
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APPENDIX 3



8Z¢ -

20099 9aAd1 QAVANVIS

Gaze . . Hand ‘ : Lever ‘
" Trial Hand Ob;gct Object Away At Exp. At Mqther Centre Cross Cover Break |
12414 1 vy
months 0.0222 0.7349 0.1863 0.2462 -0.0172 -0.4223 -
2| 0.2760 10.2628 | -0.1313 -0.5638 0.4454 -0.2686 .
» 3 . - :
0.6315 -0.2068
"4 -0.0239 0.3061 0.1610 +-0.1538" -0.2408 -0.1430
* 5 -0.3536 -0.2592 -0.0303 0.2672
14-18 1 0.3436 -0.0712 0.2113 -0.0725 0.3045 0.2721 -0.2490
months : ~ ~ : = )
* 0.0173 0.5613 0.1120 -0.3101 0.5371 -0.4495
° - 0.0444 0.3633 0.2936 0.0201
- kR L RER
-0.2863 0.7340 0.3420 0.4266 -0.3727 -0.8173
" S 0.0104 0.0570 0.1066 -0.4705 -0.2119
18-24 1 0.1937 0.1190 0.0600 -0.1050 -0.1512
months g \ S
* 2 0.1024 -0.0266 -0.2465 0.1372 0.0990
‘ 3 0.3622 0.0413 0.0437 0.0636 -0.2263
* 4 0.3180 0.1624 0.2867 0.2433 -0.4178 -
" s 0.1892 0.2526 -0.0841
Sig. Levels two tailed Pearson's 'r’
* 0.05
** 0.02
“** 0.01
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T |
Gaze . . . . y Hand - . .- Lever : ‘ -1 :
Trial Hand iject Object Away At Exp At‘Moth’er Centre Cross Cover Break
12-14 1 -0.3734 0.4270 0.0238 -0.1846 -0.2713
months. C ‘ : '
* 2 -0.0136 | 0.1350 -0.1068 ©-0.1315 "~ 0.5465 -0.0767 -0.0275
*& L 2 3 3N
- 3 0.7535 0.9306 0.5229 ) ,
” 0.4620 0.5276 -0.2518
1 2 2]

y 5 0.4938 0.8020 -0.0045
1418 1 *e oo
months 0.7715 0.8515 -0.7221

*& ) ) &
" 2 -0.1838 0.6562 0.4725 -0.3873 -0.2728 0.3202 -0.0758 -0.6187
] . .
*. .3 { -0.1356 0.6586 . 0.0803" -0.1736 - 0.4045 0.1945 -0.5232
- 4 -0.0669 0.4035 0.4679 -0.0615 -0.2016
. kAR

’ s -0.1356 0.{5645 0.1067 -0.2236 -0.3304 0.1460 -0.5423
18-24 1 ‘ * . ) PN
months -0.3486 0.6593 0.3676 -0.1984 -0.6940

[ 3 :

. 0.1172 0.7233 0.3450 -0.1678 0.3660 -0.4538

- -0.4129 0.3880 -0.1711

kik

. 4 0.6958 -0.5544

*
“ S -0.4129 0.6196 0.4632 0.3483 -0.5709
Sig. Levels two tailed Pearson's'r'
* 0.05
** 0.02
LX) OO‘

seet 0,001
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Gaze Trial Hand | Object gt;:gt . Away AtExp. . | At Mother CL::; re Cross ‘Cover  Break
12-14 1
. 2
R
y 4
* 5
14-18 1
2
" 3
" 4
y 5

18-24 1 *

-0.2379 0.3961 0.5937 0.5962 -0.7439

y 2 -0.1324 0.5449 -0.1443 0.4897 -0.5040

" 3 -0.0080 0.3374 -0.3873 0.3843 -0.3163

- 4 0.3771 0.5595 0.6523 -0.5291

" 5 0.4234 0.6148 0:6299 .

: y -0.6139

Si%. Levels two tailed Pearson's 'r'
2 : ;
"N

.05
0.02

*¢x 0,01
*%¢* 0.001

* NB no successful lever solutions by 12-14 or 14-18 month group.
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APPENDIX 4

Reliability of Measures

Ten underéraduates produced lever strateqy profiles for seven
subjects and these were compared with the experimenter’s to

assess reliabhility,

Two aspects were considered:
1, The highest strategy achieved over five trials,
Only three of the undergraduates' records differed from the

experimenter's and in all three cases, r = 0,87,

2, The highest strategy achieved on each trial,

This analysis resulted in 70 comparisons between the
experimenter's and undergraduates' coding, Of these 70
comparisons, 35 produced variations between}the experimenter's
and undergraduates' results, Twenty~-eight of this latter
group produced correlations of r = 0,9 or above, The seven
remaining comparisons produced five correlations where r =

0.75 and two where r = 0,85,

The reliability of the coding when using the Apple 1le

programme was assessed by means of test - retest comparisons.

Eleven test - retest comparisons of wire behaviour and gaze
direction results produced a high degree of reliability, The
lowest recorded correlation for the eleven comparisons was r =

0.98.
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APPENDIX 5

with age
partialled out

Standard Cross Lever | Covered lLever

Lever Group Group Group
correlation
between wire- 0.431% 0.466% 0.257
lever success
correlation
between wire-
lever success 0,213 0,189 -0.058

* significant at 0,01 level

Correlation results of lever and wire task performance before
and after partialling out age,
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