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Thesis Abstract

Four experiments were conducted to examine the role of demonstration, and the nature
of information used to facilitate changes in coordination and movement outcomes. The
studies examined ecological theories of perception (Runeson & Frykolm, 1981),
demonstration (Scully & Newell, 1985), and practice (Handford et al., 1997; Newell,

1985). To do this, kinematic analyses were performed and a new method was designed

to quantify the data (NoRM-D; Horn et al., in press). Experiments 1 and 2 also assessed
visual search during the observation of a demonstration of a soccer chip. The combined

results indicated that visual search, coordination changes, and movement outcomes,
were dependent on the availability of intrinsic visual knowledge of results (KR). With
intrinsic KR present, participants learned to become more accurate, but changed
coordination only at a global level of analysis. This was supported by a broad-to-narrow
visual search strategy. However, when constrained to use the model in the absence of
this information, rapid and enduring changes in intra-limb coordination were found at
the expense of changes in movement outcomes. Experiment 3 examined the rate of
change in intra-limb coordination in a novel throwing task. Participants observing the
model immediately adapted their relative motion to resemble the model. This change
was associated with improvements in the velocity of throws. Participants not observing
the model made no changes in coordination or ball velocity during practice. The final
study indicated that a model can also facilitate immediate changes in the
parameterization of a movement pattern. Participants extracted velocity information at
the moment of ball release to accurately perceive and replicate the unknown dynamics

of a task. These studies extend our understanding of the mechanisms, rate, and extent of

change that may be facilitated by demonstration.



Chapter I

Observational Motor Learning: Is it Time we Took another Look?



With the exception of a small repertoire of phylogenetic behaviours, humans are
born without motor skills. Instead they are acquired through practice, experience, and
observation (Bandura, 1977). In essence, they are learned. Definitions of learning have
evolved to reflect concomitant trends in behavioural psychology. To behaviourists,
learning was the strengthening of stimulus-response bonds. For cognitive psychology,
the definition changed to incorporate the comparison of overt action with an internal
representation of the act, and the process of refinement in memory. Finally, more recent
dynamic views see learning as changes in preferred, stable states of the movement
system, known as attractors. Common to all theoretical perspectives is the view that
learning is a relatively permanent change in behaviour, Learning also reflects the
capacity to represent the cumulative effects of past experience on present behaviour,
whilst providing an indication of likely future behaviour (Champion, 1969).

Although the process of learning is not yet fully understood, Blandin, Proteau,
and Alain (1994) note that the information accessible to the learner before practice
commences is vital. Thus, critical to facilitating the early stages of learning is the
transfer of information from the instructor to the learner conveying how to act. The mode
for delivering this information may take many different forms, but demonstration has
intuitive appeal — it meets the twofold requirements of conveying an enduring impression
of how to act with maximal efficiency.

Not surprisingly, demonstration is estimated to be the most commonly used
mode of instruction in skill acquisition (Magill, 2001; Rink, 1998), a fact reflected in
recent physical education texts. The most common teaching technique in physical

education settings is direct instruction (Graham, Holt-Hale, & Parker, 2001) or

interactive teaching (Rink, 1998) both of which consider that a demonstration is the first

and arguably most significant stage of the skill acquisition process. However, the



influence of modelled behaviour is not restricted to physical education and sports skills.
Instead, researchers report applications in far reaching domains such as nursing and
surgery (e.g., Bahn, 2001), mechanical assembly (Sheffield, 1961), sign language for the

deaf (Stewart, 1990), and ergonomically correct lifting techniques (Williams &

Thompson, 1994).

Concepts of Imitation and Observational Learning
In theoretical terms, demonstration changes behaviour through processes such as -
observational learning, imitation, emulation, and echokinesis. In the psychology

literature, imitation is the prevalent term for copying behaviours. According to Miller
and Dollard (1941), there are two types of behaviour that fall under the process of
imitation. The first is matched-dependent behaviour, in which the ‘follower’ is dependent
on the ‘leader’ for action, as only the leader has access to relevant environmental
information. The second is copying in which the copier must adapt his/her response to be
more like the model. For motor skill acquisition, the second of these is more appropriate.
Heyes (2001) defined imitation as the copying by an observer of a component feature of
the body movement of a model. This definition implies a causal relationship between the

observation of the component feature of the model’s movement, and the execution of the

feature by the observer.

In addition to copying the movements of the body, a learner can also reproduce

the movement of an object. This has been labelled emulation (Tomasello et al., 1993;
Heyes, 2001). Prinz (1987) presents a similar distinction between the imitation of
perceived movements as spatio-temporal events, and actions, for which the intention 1s to

attain the same goal states as the model, independent of the movement performed. For

the copying of perceived movements, Prinz (1987) preferred the term echokinesis used



by Katz (1960) as a specific type of ideo-motor action in which movement 1s imitated.
Because goals can be emulated independently of specific movement patterns, Byrne and

Russon (1998) ascribe this the lowest level in their hierarchical account of imitation. For
them, the next level of imitation is program level, in which an observer copies the
structural organization (including sub-routines) of the action, but specific details are
added on a trial-and-error basis. This process is assumed to account for the majority of

imitation occurring on an everyday basis. In the highest, action level of imitation, a

comprehensive, linear description of the act is acquired from the model.

What then is the difference, if any, between imitation and observational motor

learning? Observational motor learning (also known as modelling) should arguably not
be simply considered as imitation within the specific arena of motor behaviour.
Williams, Davids, and Williams (1999) define observational learning as the process by
which observers watch the behaviour of another, and adapt their own behaviour as a
result of the interaction. Though imitation (or emulation) is clearly the core process,
observational learning is more relevant for the study of skill acquisition because in
measuring learning, it accounts for long-term changes in behaviour. Observational
learning and imitation are also assessed in a different manner. Imitation is typically
measured using frequency counts as a dichotomous measure of whether or not the
desired behaviour is present (e.g., Bandura’s Bobo Doll experiments: Bandura, Ross, &
Ross, 1961). In contrast, observational learning is assessed using specific qualitative and
quantitative measures of performance. Furthermore, in observational learning, changes in

behaviour are directional. Learning occurs if performance has improved with reference to

a pre-determined criterion goal.



Cognitive Accounts of Observational Learning
According to Bandura (1971), the earliest accounts of observational learning by

Morgan (1896) and McDougall (1908) amongst others, described imitation as an innate
propensity. As such, the empirical testing of observational learning was stifled.
Following the denouncement of the instinct doctrine, imitation was described in

connectionist terms. Miller and Dollard’s (1941) Social Learning and Imitation theory

applied behaviourism and reinforcement to the study of imitative behaviours. In their

experiments, participants displayed matched-dependent behaviour. This describes the

effect where the rewarding of a model’s specific behaviour, coupled with the rewarding

of the participant for repeating the behaviour, results in powerful imitation that can be
generalised to other situations and models.

Behaviourist accounts were deemed inappropriate for observational learning due
to their failure to recognise the influence of mediating factors that are internal to the
organism. Moreover, behaviourism fails to explain how a new matching behaviour is
acquired through observation in the first instance (Bandura, 1971). Finally, behaviourist
accounts are not applicable to learning from observation where the observer does not
overtly perform the model’s actions in the environment in which they were

demonstrated, where reinforcements are not administered, and when the acquired

responses are not displayed until a later time when the model is not present (Bandura,

1971).

Sheffield (1961) first broke from traditional behaviourist accounts of stimulus-
response reinforcement. His Systematic Representational Theory was developed to
assess the effectiveness of filmed demonstrations in the learning of mechanical

assembly tasks, and represents a vital step toward a testable theory of learning in

complex human motor skills. It supposes that when observing a skill, the observer



formulates a cognitive-representation of the action through processes of association and

contiguity. The cognitive representation subsequently acts as a blueprint to guide

reproduction of the skill.

Bandura’s (1986) Social Cognitive Theory

Although Sheffield’s theory of cognitive symbolic representation preceded the
work of Bandura, it is Bandura’s Social Learning Theory (later revised to Social
Cognitive Theory in 1986) that has been the foundation of the majority of research on

observational learning. Bandura (1969, 1971, 1977, 1986a) incorporated Sheffield’s

1dea of systematic representation, but expanded its scope to account for the acquisition

and modification of behaviour and social skills (Williams, Davids, & Williams, 1999).
Bandura concurred that behaviour is stored in representational form, with this
representation being used to mediate the action response. However, unlike Sheffield, he
considered that in many instances a learner observes a model without performing any
concurrent response. The modelled response is acquired in representational, cognitive
form before being acted out. Bandura (1965) designated this ‘no-trial learning’, and it
echoes his rejection of behaviourist accounts of modelling through repeated

reinforcement.

According to Bandura (1971), the sub-processes of attention, retention,
(behaviour) production, and motivation govern the observational learning process. He
also argued that a good theory of vicarious learning should explain why different
observers show different levels of response acquisition when exposed to the identical
stimuli. Figure 1.1 highlights the four sub-processes and internal mediators such as
cognitive capabilities and past experience.

Bandura (1977) believed that attention represents the start of the modelling

process, stating that we cannot learn unless we attend to and accurately perceive the
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significant features in the display. Attention was considered a selective mechanism that
determines which information will constitute the cognitive representation of the skill.

The basis of this selection of information was considered to be both externally and
internally determined, based on various features of the demonstration (e.g., speed,
distinctiveness) and the observer (e.g., level of arousal). Also relevant is the extent to
which the learner can associate the observed behaviour with previous experiences, and
the functional value of the display. Bandura (1977) hypothesised that observers pay
closer attention to models that possess symbols reflecting status, are older, and are

highly skilled. This hypothesis has been the basis of the majority of observational
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Figure 1.1. The sub-processes of observational learning according to Bandura’s (1986
Social Cognitive Theory (adapted from Bandura, 1986).

The selective mechanisms of attention are redundant unless the observer can

store the information in representational form. Bandura (1977) assumed two
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representational systems achieve this within the sub-process of retention, namely, the
imaginal and verbal systems. Similar to Sheffield’s (1961) concept of a perceptual
blueprint, sequences of corresponding sensory experiences become associated or
integrated in the imaginal system (Bower & Hilgard, 1981), resulting in the formation of
enduring and retrievable representations. The cognitive processes that regulate
behaviour are assumed to be verbal and are thus the domain of the verbal system. The

process of verbal coding allows chunking of information in a format that facilitates

memory.

Rehearsal is an additional factor in retention processes. Bandura (1971) argued
that covert, mental rehearsal facilitates learning not through simple repetition, but
through active processes. Overt physical practice was given little consideration in
Bandura’s analysis, although he did note that it helps to stabilise and strengthen the
acquired response. According to Jeffrey (1976), observational learning is optimal when

the skill is first mentally organised and rehearsed, and then overtly practiced.

Collectively the sub-functions of attention and retention represent a response-
acquisition phase, in which the to-be-imitated behaviour is acquired and coded for
action (Bandura, 1986b). The remaining two sub-functions of motor production and
motivation were labelled as the response production phase, representing the translation
of the acquired movement into action. The process of motor (behavioural) production
refers to the conception-matching mechanisms that convert a cognitive representation of
behaviour into approximate overt performance, and guide later reproductions of the
skill. A feedback mechanism is employed to determine discrepancies between the
symbolic representation and physical enactment of the skill, which in turn provides cues

for corrective action (Bandura, 1977). Bandura (1971) indicated that the physical

capabilities of the learner are a limiting factor in this sub-process. An observer may

12



acquire a representation of the skill, but might not possess the physical attributes to

replicate the task. Typically, researchers do not assess whether participants possess the
necessary physical attributes, and assume that deficiencies in performance reflect

problems in perception rather than action.

The final sub-process involved in observational learning is motivation.
According to Bandura (1971), incentives act to regulate the overt expression of the

matching behaviour, exert a selective control over the cues in the demonstration to

which the observer attends, and aid selective retention by activating the deliberate

coding and rehearsal of the response.
A review of research underpinned by social cognitive theory

The research work relating to Social Cognitive Theory includes manipulations of

model type and tests of cognitive involvement in observational learning.
Model characteristics. The majority of observational learning research has manipulated
the type of model presented to the participant. Particularly prevalent are tests of
Bandura’s (1977) prediction that observers pay closer attention to models that have a
higher status, are more skilled and of the same gender as themselves.

Status. The impact of social status on imitative actions was illustrated in an early
study by Lefkowitz, Blake, and Mouton (1955). A jaywalking model ‘planted’ on a busy
street corner was followed by significantly more people when dressed in business attire
than when dressed in soiled clothes. In a motor learning context, McCullagh (1986)
found that participants performed significantly better on the Bachman Ladder task in
response to a high compared with a low status model. The Bachman Ladder task
involves a six-foot wooden ladder with three uprights. The number of rungs climbed by

the learner before the ladder falls to the ground is taken as a measure of performance.
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Skill level. In Bandura’s analysis, the cognitive representation formed should
correspond to a perfect performance of the skill. As such, a highly skilled model is
recommended (this tenet currently underlies the direct instruction method of teaching;
Kovar, Combs, Campbell, Napper-Owen & Worell, 2004; in press). In early tests of this
prediction, Landers and Landers (1973) used the Bachman Ladder with 5™ and 6" grade
children. The model manipulations were skill level (skilled/unskilled) and status
(teacher/peer). Participants who observed the skilled teacher climbed the most rungs on
the ladder. However, a main effect for skill level was not observed. Participants who
viewed the unskilled peer model recorded higher scores than the skilled peer model.
Lirgg and Feltz (1991) replicated this study with 6™ grade children, combining model |
skill level and status with videotaped rather than live models. Participants performed

better after observing a skilled model. No model type by skill level interaction was

reported. These findings lead to the suggestion that peer models are less effective than

higher status models.

Several authors have questioned whether expert models are more effective than
learning models (e.g., see McCullagh & Caird, 1990; Pollock & Lee, 1992). They note
that information processing based theories such as Adams’ (1971) closed loop theory
and Schmidt’s (1975) schema theory, view motor learning as a problem-solving process.
In this process, feedback is received, and action is adjusted on a trial-and error basis. As
such, the provision of an expert model may be at odds with the problem-solving process,
as no error information is provided (Pollock & Lee, 1992).

Gender. Studies involving non-motor specific tasks suggest that elementary aged

schoolboys learn more about the behaviour of a same sex model than an opposite sex
model (e.g., Grusec & Brinker, 1972). Similar results have been found in the motor

domain for ball-snatch tasks (Feltz & Landers, 1977; Gould, 1978). These results were

14



explained in terms of motivation to emulate the model (Gould & Roberts, 1982). Gould
and Weiss (1981) used a leg extension endurance test to investigate the effects of
model-observer similarity in athletic ability and gender. Women observing a non-
athletic, female (similar) model performed better than those watching an athletic, male
(dissimilar) model. In an attempt to separate these factors, George, Feltz, and Chase
(1992) found that similarity in athletic ability, and not model gender was responsible for
the effects. However, Griffin and Meaney (2000) found that gender did influence
learning in a scarf-juggling task. While no differences occurred in retention or transfer
of the skill, female participants learned significantly more strategies as a result of
viewing same sex rather than opposite sex models. Also, the authors replicated the

finding that participants learned more strategies from a learning rather than a skilled

model.

Research evidence for cognitive involvement in observational learnin

Repetition. There is evidence supporting the role of cognitive representations in
observational learning, based upon the tenet that clearer or stronger cognitive
representations will yield greater learning. In the last of a series of experiments using
semaphore-like arm-paddle movements, Carroll and Bandura (1990) compared the
effects of viewing two or eight demonstrations, with and without verbal coding of the
pattern. Cognitive representation was assessed using a recognition test to detect correct
photographs of the movement, and by pictorial arrangement tests to assess memory of
the appropriate movement sequence. Eight presentations yielded a more accurate
cognitive representation of the action than did two. Reproductions of the movement
were also significantly more accurate with the higher number of demonstrations.

Moreover, learning was facilitated by verbal coding only when the higher number of

15



demonstrations was provided, suggesting that a clear cognitive blueprint of the act is
required before cognitive processes aiding retention can be effective.

Several researchers have indicated the benefit of multiple demonstrations with
adult participants using the Bachman Ladder task, perceptual modeling with the Bassin
anticipation timer and a wiffle-golf task (Feltz, 1982; Sidaway & Hand, 1993; Weeks,
1992; Weeks & Choi, 1992). Similar results have been reported with children using a
sequential movement task and a softball pitch (Weiss & Klint, 1987; Weise-Bjornstal &
Weiss, 1992). However, the relationship between performance and number of

demonstrations is not monotonic. For example, Weeks and Choi (1992) found ten pre-

practice demonstrations facilitated acquisition performance, while one or five
demonstrations did not provide sufficient time or exposure for the formation of a usable
cognitive representation.

Cognitive strategies. Researchers who have examined the effects on performance
of cognitive strategies such as coding and imagery have also provided support for the
cognitive nature of observational learning. Gerst (1971) found that imaginal coding, in
which the learners imagine themselves performing the task, facilitated the acquisition of
sign language. Similarly, Jeffrey (1976) found imaginal coding to aid learning of
complex 3-D construction tasks. Assigning symbolic codes to movements (in the form

of numbers or letters), and symbolic rehearsal have also resulted in significantly greater

immediate and delayed retention of performance (e.g., Bandura & Jeffrey, 1973; Carroll

& Bandura, 1990).

Concurrent monitoring. According to Social Cognitive Theory, concurrent

monitoring of performance and augmented feedback are presumed to improve
reproduction via conception-matching processes. In support of this proposal, Carroll and

Bandura (1985) found that concurrent monitoring of a movement skill facilitated

16



learning, while delayed monitoring (shown after 100 seconds) did not .This implies that
the delay led to deterioration in the conception-matching process. McCullagh (1993)
proposed that split-screen techniques could be employed to display the model’s template

movements simultaneously with the participant’s own imitative attempts. However,

assessment of this proposal has produced inconclusive results (see Laguna, 1996).

Variability of demonstration and cognitive load. The cognitive processes

underlying observational learning have also been addressed with reference to concepts
of practice variability and contextual interference. According to Lee and Magill’s (1985)

action plan reconstruction hypothesis, high variability in practice leads to greater

learning because the variability necessitates the reconstruction of action plans from one
trial to the next. In observational learning, Lee and White (1990) suggested that
observing a model performing under highly variable conditions mimics this process,
leading to greater cognitive involvement in the learner. Researchers have provided

support for this proposal using a barrier knockdown task (Blandin, Proteau, & Alain,
1994) and a computer key sequencing task (Wright, Li, & Coady, 1997; Wright, Black,
& Brueckner, 2001). In the studies by Wright and colleagues the contextual interference
effect was replicated. Participants observing models performing under high variability

showed better retention than those watching models performing under blocked practice.

Social Cognitive Theory: Limitations in Theory and Research
Social Cognitive Theory has undoubtedly advanced our understanding of the

mechanisms involved in observational learning. Yet, there are some significant
limitations with the theory and its supporting research. A fundamental concern has been

that it is based on social rather than motoric learning (e.g., McCullagh et al., 1989;

Williams, 1993). Horn, Williams, and Scott (2002) have argued that the mechanisms of -
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motoric and social learning are likely to be disparate. Social learning tends to prescribe
to the aforementioned description of imitation, in that measurement tends to be
dichotomous (present or not present), somewhat coarse, and non-directional. In contrast,

motor learning involves a precise directional change in behaviour and in the qualitative

mechanisms underpinning these changes.

Central to Social Cognitive Theory is the concept of a cognitive representation.
Williams et al. (1999) have argued that this concept has never been fully elaborated,
such that the nature and location of these representations are somewhat nebulous. There
are also concerns with the use of recognition tests as a valid measure of the existence of
cognitive representations. In presenting images of the act from which participants must
choose the one that they observed, this pre-supposes that the cognitive representation 1s

some form of reference of correctness, similar to that suggested by Adams (1971). A

recognition test performed after experimental trials naturally invokes memory of the
task. Thus, it is a test of the sub-component of retention. Bandura’s notion of coding
would suggest that the imaginal system accounts for matching between an internal
representation and an external image. Yet, Bandura suggests that most coding occurs in
verbal form. The conceptual links between the two systems have not been established.
While sequential tasks such as arm paddle movements lend themselves to
memorial coding strategies, without which they perhaps could not be performed, an
important question regards whether such coding can guide the performance of complex
multi-limb coordinative actions. If cognitive representations of these skills are found to
be poorly developed, it suggests that the cognitive representations of the skills in Carroll

and Bandura’s studies may not be a kinematic representation of the act that covertly

guides the skill, but a simple symbolic code.
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Few studies have used kinematic measures of learning in conjunction with
inference of cognitive representations by recognition tests. One notable exception by
Weise-Bjornstal and Weiss (1992) measured kinematic variables and applied a
recognition test at the end of each trial block during acquisition. The results suggest that
for children at least, the addition of verbal cues to a pre-existing visual model resulted in
the greatest increase in the recognition of correct form. No clear relationship between

recognition and form scores was reported.

Research related to Social Cognitive Theory has typically measured learning by
outcome rather than process measures of performance, and this may have contributed to

some equivocal findings in observational learning. Clearly, the addition of process
measures increases measurement sensitivity. Moreover, if performance is measured by
outcomes without reference to the movement pattern employed, then the model can
become a redundant source of information. The learner may engage in emulative
processes, Or engage an existing movement pattern to maximize outcome performance

under the guidance of intrinsic or extrinsically derived knowledge of results.

Byrne and Russon (1998) describe novelty as a ‘cardinal requirement of
imitation’. However, in observational learning, several studies have ensured task
novelty*at the expense of ecological validity. Most of the tasks employed have been
somewhat manufactured and simplistic. Such tasks include ball-rolling (Martens,
Burwitz, & Zuckerman, 1976), ladder climbing (e.g., Landers & Landers, 1973),
knocking down barriers (e.g., Blandin & Proteau, 2000), horizontal positioning (e.g.,
Bird & Rickli, 1983), coincident anticipation (e.g., Weeks, 1992), and computer based
tracking (Pollock & Lee, 1992) and sequencing (Wright et al., 1997). It is also worth

noting that when teaching sports skills to beginners, such skills are rarely ‘novel’ since
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it 1s likely that learners will already have had some exposure to the skill, mainly through
the vicarious learning opportunities provided by watching others participating.

The social cognitive approach to observational learning emerged while
information processing theory prevailed in motor behaviour. However, theoretical shifts

toward ecological theories of perception and action have occurred in recent years. To

complement these developments, it has been argued that research should examine
complex motor skills in settings mimicking their ecology. Outcome scores are
discouraged in favour of the analysis of changes in coordination in an interdisciplinary

manner (e.g., Christina, 1987; Williams et al., 1999).

Shaw and Mclntyre (1974) stated that psychology presents three analytical

concepts of how, what and who. With this in mind, Scully and Newell (1985) provided
the most significant criticism of cognitive accounts of imitation. They argued that
Bandura’s theory merely focuses on how the process of observational learning occurs,
and does not address the question of what information is perceived and used in the
process. For example, even in Bandura’s sub-process of attention, where the nature of
information ought to be significant, concepts such as functional value, salience and
distinctiveness simply relate to how much attention is allotted. Interest in the nature of

information taken from the model was the driving force behind Scully and Newell’s

ecological view of modelling, known as the visual perception perspective.

An Ecological Alternative to Cognitive Accounts: the Visual Perception Perspective

Direct perception and ‘what’ information

Scully and Newell’s belief that a theory should focus upon what information is used
rather than how the process works is a concept attributable to James Gibson’s theory of

direct perception (1950, 1979). Gibson rejected Helmholtz’s notion that since the retina
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of the eye yields two-dimensional information of a three-dimensional world,
information processing (epistemic mediation) is required to translate and make sense of

incoming information. Gibson believed that the visual system has the ability to directly
‘pick up’ information in the visual field, via the structure of light in the ‘optic array’.
Features such as texture, relative position, and affordances (i.e., what the environment
offers the perceiver in action-relevant terms; Williams et al., 1999) are directly and
unambiguously specified without recourse to information processing. Moreover,
Gibson’s notion of mutual interdependency (meaning that information perceived is
functionally specific for the action that follows) promotes the concept of perception-
action coupling.

Scully and Newell also drew upon Gibson’s view that motion is essential to
seeing. When we observe movement, three perceivable types of motion are available.
Absolute motion describes the motion of a single element in a configuration relative to

the perceiver. Common motion describes the motion common to all elements in the
configuration relative to the perceiver. Relative motion is motion of all the elements in

the configuration relative to each other. Considerable evidence from studies involving

biological and non-biological motion points towards our preference for relative motion

information.

Biological motion perception

To study the perception of human motion, Johansson (1971) revived Marey’s
(1895/1972) point-light technique. This procedure removes structural information,
presenting only moving dots (point-lights) or strips (patch-lights) of light. Using this
technique, Johansson (1971, 73, 75) found that events that were not discernable when

the points of light were static were immediately salient when motion was introduced.

When viewing point-light displays humans can identify gender (e.g., Barclay, Cutting,
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& Kozlowski, 1978; Mather & Murdoch, 1994; Stevenage, Nixon, & Vince, 1999),
friends (Cutting & Kozlowski, 1977), different animal species (Mather & West, 1993),
and American sign language (Poizner, Bellugi, & Lutesdriscoll, 1981). Intention and
emotion may also be perceived from point-light displays. Bassili (1978) showed that
patches of reflective tape placed on the face facilitated the recognition of expressions of
emotion. Participants can also recognize emotion portrayed in dance (Brownlow, Dixon,
Egbert, & Radcliffe, 1997; Dittrich, Troscianko, Lea, & Morgan, 1996), aesthetic
quality from gymnastics (Scully, 1986), affordances for actions (estimated optimal and

maximal seat heights; Stoffregen, Gorday, Sheng, & Flynn, 1999), and the perception of

underlying dynamics (e.g., Runeson & Frykolm, 1981, 83).

In Scully and Newell’s (1985) analysis, relative motion has a fundamental role
in observational learning. When an observer watches a demonstration, they are assumed
to perceive and minimize the relative motion of the event. In subsequent attempts to re-
enact the observed movement pattern, the relative motion is believed to constrain the
emergence of coordination via its informational and instructional properties (see
Warren, 1990). Scully and Newell’s (1985) perspective is best understood in
conjunction with Newell’s (1985) embedded hierarchy of coordination, control, and
skill. Newell operationalized the concepts first presented by Kugler, Kelso, and Turvey
(1980). Coordination represents the assembly of a novel movement topology. Control is
the parameterization, or scaling of the movement pattern. Finally, skill represents the
optimal, flexible scaling of the movement pattern. As an embedded hierarchy, learners
do not progress serially through coordination and control stages. Instead, they operate
synergistically such that coordination is the organization of control. However, in early
learning of an observed movement pattern, the dominant function appears to be

coordination. As such Scully and Newell (1985) estimate that the influence of a model’s
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relative motion pattern is greatest at this stage. When a learner approximates the
model’s relative motion pattern within ‘certain bandwidths’, this is considered to
indicate that the action has been modelled (Scully & Newell, 1985). As learners
progress, they are assumed to increasingly emphasize the scaling of the movement
pattern. In this period of skill acquisition the exploration of the dynamics of the task is

emphasized and demonstration is presumed to be less effective (Scully & Newell,

1985).

Research Pertaining to the Visual Perception Perspective

Research related to the visual perception perspective fits into four broad
categories: comparison of learning by modelling and discovery methods, and via point-

light and video models, evidence for coordinative rather than control-based functions in
learning, and evidence for the role of motion. As a detailed overview of key research

findings in the visual perception perspective are given in Chapters 2, 3, and 4, just a

brief outline of research is given here.

Studies comparing kinematic measures of learning by modelling and discovery
methods have typically indicated superior learning from a model (e.g., Whiting, Bijlard,
and den Brinker, 1987). More specifically, in support of the visual perception
perspective, Schoenfelder-Zhodi (1992) and Al-Abood, Davids, and Bennett (2001)

found participants observing a model illustrated changes in relative motion to become

more like the model than participants from discovery groups.

Studies comparing learning from video versus point-light models have examined
the prediction that the absence of structural information in point-light facilitates the
perception of motion because the removal of non-essential information leaves relative

motion salient (Runeson, 1984). Pellechia and Garrett (1997) have presented some

support for this notion in lumbar stabilization in physical therapy. In learning studies
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though, a clear pattern of results has not emerged. Romack (1995) found a detrimental
impact of a point-light model for children learning to dribble a basketball. A follow-up
study also showed superior outcome scores from the video rather than PLD display
(Romack & Briggs, 1998). Scully and Carnegie (1998) obtained more favourable results
for learning of a ballet movement. Participants observing a point-light model
demonstrated more accurate landing positions, and closer imitation of the model’s
angular displacement and relative timing than those observing a video model.

In accordance with the predictions of the visual perception perspective, Scully

and Carnegic (1998) found evidence in support of the role of demonstration in

conveying coordinative rather than control-based information. Participants observing a
ballet sequence successfully approximated the model’s landing position, angular
displacement and relative timing. However, they were unable to replicate forces at take-
off or landing. Further research is required to expand upon these findings.

Finally, there is evidence in support of the importance of motion in observational
learning. Gray, Neissser, Shapiro, and Kouns (1991) reported significantly better
reproduction of ballet sequences from point-light displays than from a series of still
images. Furthermore, in instances when the original speed of demonstration is reduced,
but relative timing is intact, the learning of complex multi-limb coordination has not

typically been affected (e.g., Fehres & Olivier, 1986: gymnastic movements; Scully &

Carnegie, 1998: ballet routine). In contrast, in tasks where the absolute speed of the
movement is a critical feature, movement reproduction is impeded by changes in

demonstration speed (e.g., Al-Abood, Davids, Bennett, Ashford, & Martinez, 2001;

Williams, 1989b).

Toward a Program of Research: Aims of the Thesis
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In the eighteen years since Scully and Newell presented an ecological account of
observational learning, few researchers have tested its predictions. A credible reason for
this is that it requires kinematic data for the direct comparison of model and learner
movement patterns. While measures of movement can be quantified, the typical method
has been to analyse movement qualitatively or, at best, using subjective measures of
movement form such as rating scales (e.g., Cadopi, Chatillon & Baldy, 1995; Ille &

Cadopi, 1995; Magill & Schoenfelder-Zhodi, 1996; McCullagh & Meyer, 1997).

Although this type of analysis provides a gross estimation of changes in movement

form, objective and quantitative assessment of movement kinematics is imperative to

identify specific changes in timing and spatial orientation as a function of observation

and practice.

Measuring coordination

In order to effectively compare kinematic data between groups, and between a
model and observer, this program of research aims to quantify coordination. Several
techniques are available to do this. Cross-correlation, for example, summarizes a
coordination pattern in a single number and has been used to quantify coordination in
observational learning (e.g., Al. Abood et al., 2001). However, this technique assumes a
linear relationship between joints and was thus considered inappropriate for the kicking,
throwing, and bowling movements used in this program. One solution to the linearity
problem is to first apply the chain-encoding methods of Freeman (1961) and Whiting &
Zernicke (1987). These techniques lay directionally structured grids over the movement
patterns and convert ratio data to nominal data. However, in order to normalize unequal
data lengths to the same number, different sized grid overlays would be required. This
treats each trial differently, and varies the degree of error introduced. Also, regardless of

techniques to transform the data, cross-correlation has been criticised for taking a
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narrow view of coordination since it assumes that joints are co-ordered when they
1llustrate proportionality throughout their range of motion (Sidaway et al., 1995).

Many alternative techniques were also deemed inappropriate for the task and
analyses used in this program. For example, continuous relative phase provides a
tempero-spatial measure of coordination, but is not appropriate for discrete tasks.
Conversely, discrete relative phase and return maps would be appropriate for the tasks,

but measure coordination at only one point in a cycle.

The preterred solution was to use normalized root mean squared error (NORMS;

Sidaway et al., 1995). This was developed as a measure of consistency or variability in
movement patterns over several cycles of a discrete task. Unlike cross-correlation, it

does not require linear data. Data is first normalized to equal lengths. Then at each
instant in the cycle, a resultant compares both joint angles to a mean trace. The
resultants at each instant then contribute to a root mean squared error for each trial,
which is then summed. The root mean squared error becomes normalised when divided
by the resultant excursion (based on the range of motion at each joint) multiplied by the
number of cycles in the analysis. By simple substitution of the mean trace with a
criterion trace an index of proximity to a criterion (i.e., the model’s movement pattern)
is possible. The result is normalized root mean squared difference, and this technique is

explained in more detail in Chapters 3 and 4.

Coordination changes

The role of relative motion. The primary aim of this thesis is to clarify the

constraining role of the model’s relative motion in observational learning. To do this the

movement Kinematics of both the model (video and point-light) and learner are
measured and directly compared. Expanding upon previous research, coordination is

examined at both a Jocal intra-limb level, and a global participant-object level. To
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further add to the extant literature, the role of the model is substantiated in Experiments
2 and 3 by the quantification of both movement variability and the proximity of
coordination between the model and learner. To date only Al-Abood et al. (2001a, b)
have done this. However, both of these studies are hindered by the lack of a pre-
observation skill test. Without this, the immediate and long-term impact of the model
may only be inferred. This thesis aims to redress this problem, outlining the immediate
impact, longevity, and stability of relative motion changes in response to demonstration.

The role of relative motion is also assessed in the comparison of imitative
performance from point-light and video models in Experiments 1, 2, and 4. If, as
predicted by Runeson (1984), the removal of non-essential information leaves relative

motion salient, we may anticipate superior imitation of coordination in response to

point-light models.

Coordination changes with and without intrinsic visual KR. To further expound

the effect of the model, this thesis aims to compare participant’s coordination changes in
learning environments when the model is the primary, constraining information source
(Experiment 2) with those in environments in which participants also receive
information from visual intrinsic knowledge of results (Experiments 1 & 3). Using these

collective methods, this thesis aims to provide the most comprehensive assessment of

coordination changes in observational learning to date.

Understanding ‘what information’

The final aim of this thesis is to elucidate what information is picked up from
demonstrations. Although this was the driving force behind the visual perception
perspective, researchers have had only limited success. Two techniques appear to be

especially appropriate to shed light on this question. These are event occlusion and

analysis of visual search.
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Visual search. Researchers have successfully used occlusion in studies of
biological motion (e.g., Mather, Radford, & West, 1992) and observational learning
(e.g, Scully & Carnegie, 1998). Despite this, it was decided that visual search analysis
may offer greater ecological validity since it allows the whole visual display to remain
intact. In addition, Experiments 1, and 2 compare learning from video and point-light

models and it was considered difficult to maintain equivalent occlusion across these

conditions.

The employment of eye movement analysis to determine what information 1is
used in observational learning originates from the assumption that eye movements direct

our attention to areas from which we extract information. Some credence for this
argument comes from mounting evidence that eye movements are preceded by a shift in
attention, and that this coupling between attention and eye movements is inevitable (see
Hoffman, 1998 for a review). More specifically, the relationship between visual search

and learning is inferred by a study of Williams (1989¢). Participants who were asked to
observe a demonstration with visual search patterns counter to their naturally occurring
ones experienced more error in reproducing movements than matched controls.

At present the only known study to employ eye movement recording to

determine areas of visual search interest in observational learning, examined finger and

hand movements (Mataric & Pomplun, 1998). Such fine movements did not necessitate
movement of the eyes to gather information. This thesis aims to examine the areas of
information extraction for a gross, inter-limb task. In addition, it aims to examine
whether visual search shows refinement from early pre-practice observation to later in

acquisition.

Dynamic information for movement parameterization. Finally, to address ‘what’

Information is picked up by the display, this program of research aims to examine
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whether point-light and video models portray information for the control, or
parameterization of movement. As well as testing predictions in the visual perception
perspective, this directly examines Runeson and Frykolm’s (1981) kinemetic
specification of dynamics (KSD) principle, which states that a movement’s kinematics
portray its underlying dynamics. Experiment 4 will extend previous research by
examining whether participants can not only immediately perceive the dynamics of a
modelled event, but if they can immediately replicate them. More specifically, by a

systematic analysis, the thesis will examine whether the perception of relative motion

contributes to the perception and replication of dynamics.
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Chapter 2

Learning from Demonstrations: The Role of Visual Search During

Observational Learning from Video and Point-light Models
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Abstract

This study examined the visual search strategies employed during observation of video
and point-light display (PLD) models. Also, the relative effectiveness of video and PLD
models in facilitating the learning of task outcomes and movement patterns was

considered. Twenty-one female novice soccer players were divided equally into
VIDEO, PLD and no-model (CONTROL) groups. Participants chipped a soccer ball
onto a target area from which radial and variable error scores were taken. Kinematic
data were also recorded using an opto-electrical system. Both a pre- and post-test were
performed, interspersed with three periods of acquisition and observation of the model.

A retention test was completed two days after the post-test. There was a significant main
effect for test period for outcome accuracy and variability, but observation of a model
did not facilitate outcome-based learning. Participants observing the models acquired a
global movement pattern that was closer to that of the model than the controls, although
they did not acquire the local relations in the movement pattern, evidenced by joint

range of motion and angle-angle plots. There were no significant differences in learning

between the PLD and VIDEO groups. The PLD group employed a more selective visual

search pattern than the VIDEO group, while both groups became more selective with

successive trials and observation periods. Results are discussed in the context of

Newell’s (1985) hierarchy of coordination and control and Scully and Newell’s (1985)

visual perception perspective.
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A common assumption is that demonstrations are more favourable than
verbalisation and trial-and-error methods for acquiring information during skill
acquisition. Not surprisingly, therefore, there is widespread use of demonstrations
during the instructional process in sport and other settings. Yet, a review of the research
on observational learning shows equivocal support for the effectiveness of
demonstrations. Furthermore, since the majority of previous research has manipulated
model type (e.g., status, skill level), there is limited knowledge of the specific

information perceived during the learning process. This paper aims to address this issue

by assessing learners’ visual search strategies during observation of a model.
Thus far, observational learning research has been underpinned by cognitive-

mediational theories. Sheffield (1961) proposed that observation of a model allows the
learner to form a (cognitive) blueprint of the action, against which later attempts to
reproduce the movement are matched (for a review, see Williams et al,, 1999). In
extending Sheffield’s initial ideas, it is Bandura’s Social Learning Theory (1969, later
revised to Social Cognitive Theory in 1986) that has exerted most influence on
observational learning research. Bandura (1969) proposed that the four inter-related sub-
processes of attention, retention, motor production and motivation combine to form a

cognitive representation of the act. Like Sheffield’s blueprint, the cognitive
representation guides subsequent movement production. Research has predominantly
investigated the sub-process of attention through somewhat obsessive manipulation of
model type. Many of these studies,have tested Bandura’s (1977) prediction that

observers pay closer attention to models that are older, more skilled, and possess
symbols that reflect status. Research has inferred support for this prediction with regard
to status (McCullagh, 1987), age (Brody and Stoneman, 1981), and skill level (see

Landers and Landers, 1973; Lirgg and Feltz, 1991). However, several studies suggest
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that since learning is problem-solving in nature, a model engaged in learning the task

may be preferred to an already skilled model (McCullagh and Caird, 1990; Pollock and

Lee, 1992; McCullagh and Meyer, 1997).

Although Social Learning Theory has been examined in a motor skills context
(e.g., Carroll and Bandura, 1990), a fundamental criticism is that Bandura’s theory was

developed as an explanation of social rather than motoric learning (McCullagh et al,,

1989; Williams et al., 1999). The mechanisms of social and motoric learning are likely

to be very different. For example, social learning involves a gross form of imitation in
which the measure is a dichotomous split between the behaviour being present or absent

after exposure to the model. Motoric modelling is entirely more specific in nature, since
both the precise outcome of the behaviour and the way in which the outcome is
achieved are of interest.

Research stimulated by Social Learning Theory has also typically measured
learning using outcome rather than process measures of performance. The loss of
measurement sensitivity provided by the use of outcome measures may have contributed
to the equivocal findings. If learning is measured by outcomes, independent of the
movement pattern that the learner uses, then the model may become a redundant source
of information. The learner is likely to ignore the model, engaging an existing

movement pattern to maximise performance outcomes, guided by knowledge of results.
Several researchers have criticised observational learning research for using
contrived, simplistic tasks (e.g., McCullagh et al., 1989; Williams, 1993) such as ball
rolling (Martens et al, 1976), ladder climbing (Landers & Landers, 1973) and knocking
down barriers (McCullagh & Caird, 1990). Though these studies have contributed to

our knowledge of observational learning, the tasks appear akin to nonsense syllables in

memory studies, in as much as they guarantee task novelty but offer limited ecological
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validity. The tasks used in testing the effects of coding and cognitive strategies can also
be questioned, in that they required discrete, serial movements, which could not be
reproduced without storage in memory. The benefits of such strategies may be less
apparent in complex, non-serial movements.

To better complement modem concepts of motor control and learning, several
authors have called for research to examine complex motor skills in realistic settings. In
this endeavour learning should not be assessed purely by outcomes, but by changes in

coordination and form, in an integrated, interdisciplinary manner (Christina, 1987;
Williams et al., 1999). Furthermore, in an applied motor learning context, emphasis
should be upon the ability to actually reproduce movement patterns after a period of

time, rather than the ability to recognise correct from incorrect form (cf. Carroll and
Bandura, 1990).

Scully and Newell’s (1985) ecologically based visual perception perspective was
motivated by the aforementioned limitations in theory and research. This approach is
concerned with what information or cues are picked up from the display, rather than
how the process occurs. The notion that theory should focus on what is perceived rather
than how it is perceived is attributed to Gibson’s theory of Direct Perception (1950,

1979). Scully and Newell maintain that motion is an essential ingredient for perception.
Static displays convey little information about a movement pattern to be learned,
whereas the movement topology is revealed in motion. This issue is most clearly
illustrated through the revival of Marey’s (1895/1972) point-light display (PLD). These
minimalist displays show only dots of light at the major joint centres and are useful in
their omission of structural information. Johansson (1971) showed our ability to rapidly
distinguish different forms of biological motion (e.g., walking, running, limping,

cycling, dancing) in these displays. Other research has highlighted the capacity to
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identify gender (Barclay et al., 1978, Mather and Murdoch, 1994), friends (Cutting and
Kozlowski, 1977), different species of animals (Mather and West, 1993), American
Sign Language (Poizner et al., 1981) and a single degree of freedom darts-style throw
(Williams, 1989a). Moreover, participants have been shown to perceive somewhat less
superficial characteristics such as aesthetic quality in gymnastics (Scully, 1986), the
emotion portrayed in dance (Dittrich et al., 1996; Brownlow et al., 1997), dynamic
properties such as the weight of lifted boxes (Runeson and Frykolm, 1981) and the

distance of a thrown object (Runeson and Frykolm, 1983).

An explanation of our ability to perceive these events may be found in

Johansson’s non-biological motion studies. Johansson (1975) found that two lights
following each other around a rectangular pathway were perceived as lights at the end of
a rigid stick moving in 3-dimensions. Similarly, a square expanding and shrinking inside
a fixed square was perceived as a constant sized square advancing and retreating in 3-

dimensions. The perception formed is the simplest one which maintains a rigid
connection between the stimuli. The general formula proposed by Johansson is one of

spatial invariance plus motion. If a point of light is perceived as having an invariant,
rigid connection to adjacent lights, then despite constant changes in their absolute
motion, the display is recognised through their relative motion (the motion of individual
elements in the configuration relative to each other). Although Gestalt psychologists
explain perception in terms of brain organisation, it appears that the Gestalt principle of
pragnanz in which perception moves toward simplicity and wholeness, applies to the
perception of biological motion. Cutting and Profitt (1982) have proposed that a
minimum principle operates simultaneously to minimise relative and common motion

(motion common to all elements in a configuration), allowing us to perceive an

apparently complex pattern. The visual perception perspective suggests that relative
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motion is perceived and minimised, and later used to constrain reproduction of the
action. Scully and Newell (1985) suggest that when the learner approximates the

relative motion pattern within certain bandwidths, then the activity is considered to have

been modelled.

If relative motion within a video or PLD is minimised and used to constrain
action in observational learning, one would expect equivalent or superior learning from
the minimalist PLD, in comparison to live or videotaped models. Newell and Walter
(1981) and Runeson (1984) have argued that live and video models contain too much
(structural) information, making them ineffective in isolating the important parameters

of the movement. Few studies have tested this prediction. Williams (1989b) found a
point light and a video model to be equally effective in learning a darts-style throw in
terms of number of trials to achieve the correct sequence, angular displacement at the
elbow and timing of elbow flexion. However, since all participants learned the task

quickly, a single degree of freedom task may be too simple to differentiate between

groups. Romack (1995) found preference for video rather that PLD modelling in the
learning of a basketball dribble in 6-year old children. Results indicated that following
acquisition periods over 6 consecutive days, participants observing the PLD performed
fewer consecutive bounces of the ball per trial than those in the no-model and video-

groups. Kinematic analysis was also performed on the model and on one participant per
group over 7-8 cycles of ball bouncing. The results indicated that the model had a slight

phasing difference between the ball and hand, whereby the hand slightly led the ball. All
three participants showed the hand leading the ball by a much larger margin and those

observing the PLD showed greater disparity with the model than the video and no-

model groups.
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In contrast, Scully and Carnegie (1998) found a PLD model of a ballet sequence
induced superior landing accuracy over a video model (even though the PLD contained
no reference point). Furthermore, observation of a PLD produced closer replication of
angular displacement and relative timing than observation of a video model, even when
the hip, knee, ankle or toes were occluded from the PLD. Further studies are required to
investigate these discrepancies in findings. In addition, the visual perception perspective
has inspired limited progress in both identifying what sources of information are used,
and in establishing perception-action links in observational learning. Toward this end,
studies may benefit from the measurement of visual search data during observation of
the model, since as Gray et al. (1991) note, if qualitative aspects of a movement are to
be imitated, it must be on the basis of optical information structures that specify the

untqueness of the movement.

Traditionally, in motor behaviour research, visual search has been used in the

expert-novice paradigm. Significant differences have been found in search rate (e.g.,

Bard et al., 1980; Helsen and Pauwels, 1993), although Williams and Davids (1998)
have recently found that search rate characteristics are task dependent. As a result of
experience, experts also exhibit superior anticipatory performance, distinguishing
redundant areas while sampling areas of pertinent future action (e.g., Helsen and

Pauwels, 1993; Williams et al., 1994). In learning studies, where participants are
novices, there is little experience on which participants can draw. As a result the
selectivity shown by experts is unlikely to be present in early observations, with
participants requiring a somewhat global interpretation of the movement. However, with
repeated exposure and practice one would anticipate greater selectivity in search

patterns as participants become attuned to the relative motion information and seek

more specific information.
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Only two known studies have assessed visual search during observational
learning of gross motor skills. The first of these monitored and classified visual search
strategies during the observation of a throwing action (Williams, 1989¢). Participants
classified as trackers and saccaders were asked to observe the model in the counter-
preferred manner. In comparison to matched controls, these participants showed a
significant increase in error. This appears to testify to the existence of powerful links
between perception and subsequent action in observational learning. In the second study

by de la Pena, Janelle, Hass and Ellis (2000), visual search was measured during
observation of video, PLD and stick figure models of a basketball free-throw.

Differences in search were found for the different conditions and the authors suggested

that the PLD induced an optimal search pattern.

No single study has investigated the visual search induced by video and PLD
models of a complex, motor skill in conjunction with the measurement of movement
kinematics. The assessment of learning by kinematic analysis is vital if the predictions
borne out of Scully and Newell’s (1985) approach are to be examined. Several
researchers have used subjective ratings of movement form (e.g., Cadopi et al., 1995;
Ille and Cadopi, 1995; McCullagh and Meyer, 1997, Magill and Schoenfelder-Zhodi,
1999, Weeks and Anderson, 2000), yet objective assessment of the movement would
provide a more valid understanding of the types of changes occurring as a function of
observational learning. Although a few researchers have measured movement
kinematics, the findings are limited by the absence of a retention test (Southard and
Higgins, 1987; Weise-Bjornstal and Weiss, 1992), or by the omission of a comparison
between the kinematics of the model and the participants (Southard and Higgins, 1987).

This aim of this study was to add to the literature by comparing the effectiveness

of video and PLD models in producing correct patterns of coordination at several levels
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of analysis. Coordination has been defined as relative movements between segments of
the same limb (intra-limb coordination), of different limbs (inter-limb coordination) and
between limb segments and an external object Newell 1985; Turvey, 1990). The task
chosen was a soccer chip, as it was considered to be less intrinsic in nature than the
more typically analysed instep kick. This assumption was based on the longitudinal,
developmental studies of Wickstrom (1975) and Bloomfield et al (1979), which describe
the phases of development that occur in the natural emergence of mature kicking. These
descriptions convey a pattern of movement which more closely approximates an instep

kick, than a controlled chip (for a review of biomechanical analysis of the soccer kick,

see Lees and Nolan, 1998; Davids et al., 2000). At a global level, coordination will be
assessed in terms of the step approach to the ball. While at a local level, intra-limb
coordination will be assessed using angle-angle plots, and relative phase timings of knee

flexion and extension.

Based on Scully and Newell’s (1985) position that relative motion is perceived,
minimised and used to constrain reproduction of movements in observational learning, it
was predicted that participants observing a PLD would perform better (in terms of
movement outcomes and coordination) than those viewing a video model. Also,
following the preceding comments of Newell and Walter (1981) and Runeson (1984), it

was hypothesised that in the absence of structural information, participants observing

the PLD would show more selective search strategies, characterised by fewer fixations
to less disparate areas of the display. Finally, it was predicted that both model groups
would show more stable and selective search patterns with repeated viewing and

practice as they became more attuned to relative motion information.
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Method

Participants

Twenty-one female students (M age = 22.2 years; SD = 4.7) volunteered to take
part in the study. None of the participants had played soccer on a regular basis, or had
received formal instruction. All had normal or corrected to normal vision and were
right-side dominant for everyday activities. All participants gave their informed consent

prior to taking part.

Task and production of test films

A female, national standard soccer player (age = 18. 6 years) acted as the model.

The task was to chip a soccer ball a distance of 5.0 m, over a barrier 0.35 m in height.
The barrier was located 2.5 m from the target. A 2.4 m? target area was constructed and
covered with a Scm depth of wet sand to facilitate the collection of error scores. A cross
hair marked the target centre. During the performance of a successful chip, the model
was filmed in a sagittal plane using a video camera (Panasonic M-40). Simultaneously,
6 infrared cameras (Pro-Reflex, Qualisys) relayed the tempo-spatial positions of 18
retro-reflective markers, placed at the conventional anatomical landmarks of the
model’s major joint centres. The PLD was generated using the Q-Trac View Motion
Viewer (Beta 2.54; Qualisys). This was then manipulated in the programme to match
the video presentation and converted to VHS format. Films were edited using the Media

100 system (i-Finish software), such that in both conditions 3.24 s of action was

presented. A 5 s warning was added before the first trial.

Procedure and design

In order to examine changes in visual search behaviour with ongoing practice,
the design highlighted in Figure 2.1 was employed. Participants were matched on pre-

test radial error scores and assigned to one of three equal ability groups: video model
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(VIDEO); point light display model (PLD), or no demonstration (control). Following
the pre-test, participants in the VIDEO and PLD groups engaged in three cycles of
observing the model followed by practice. Participants then performed an immediate

post-test, and a retention test to measure learning was administered two days later (see

Figure 2.1). The CONTROL group followed the same design, without observation of

the model.

Day 1 2 days post
Time

Phase Pre-test Obs1 Acql Obs2 Acq2 Obs3 Acq3 Post-test

Procedure | Eye Movement Registration Kinematics and Outcome Scores

Figure 2.1. Summary of the experimental design and procedure

(obs = observation, Acq = acquisition).

Before the pre-test, participants were given standardised instructions, presented
via a tape recorder (Sony M-425). The instructions informed participants to approach
the ball in a straight line, kick with their right foot, and to keep their hands above the
height of their hips. Retro-reflective markers were placed on the ball (size 5, 10psi) and
on the participant’s right side at the distal head of the 5™ metatarsal (toe), the lateral
malleolus (ankle), the lateral condyle of the femur (knee), the greater trochanter (hip)

and the acromion process (shoulder). Each acquisition and test period comprised 10

trials. On trials 1, 5 and 10 of the pre-, post- and retention tests, kinematic data were
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collected using 3 infrared cameras (Pro-Reflex; Qualisys) at 240 Hz. The system was

calibrated using a Qualisys Wandkit (750.9 mm) wand prior to each test session.

The participants received further standardized instruction before the first
observation period. The instructions explained that the demonstration they were about to
observe resulted in a perfect kick (radial error = 0 cm). The instructions placed equal

emphasis on the replication of performance outcomes and form/style. The video and
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placed 5 m from the participants, such that the model subtended a realistic visual angle
of 18°. Each observation period presented 5 repetitions of the model’s action. Visual
search behaviours were recorded using an Applied Science Technologies (ASL)
4000SU eye-movement registration system and a magnetic head tracker (Ascension
Technologies, Flock of Birds 6DFOB). This system uses a headband mounted eye
camera (50 Hz, PAL) to measure line of gaze based on the positions of pupil and cornea

relative to a 9-point calibration frame superimposed over the projection screen. The

system was accurate to within £1° of visual angle. Calibrations were performed before

each observation period, and checked at the end of each presentation block.

Dependent measures and data analysis

Outcome scores. On each trial, the x and y coordinates of the ball’s landing
position were measured in centimetres from the centre of the mark left by the ball in the
sand to the horizontal and vertical lines of the cross-hair respectively. The scores were
recorded to produce radial (calculated as the hypotenuse of the triangle made from
distances x and y) and variable error scores.

Visual search. Each frame of the test films was converted to a bitmap image and
analysed using Fixplot 1.1 (ASL; 1998). This program generates a time-scaled scan path

that is integrated with the calibration frame used in the collection of eye data. When
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superimposed over the bitmap images, the scan-path indicates duration and location of
fixations. Fixations were parameterised within Fixplot as stable periods of no eye
movement lasting 100 ms or more. This value equates with the definition of fixations in
video-based eye movement analysis, that has typically classified fixations as periods in
which the cursor is stationary for 3 or more frames with NTSC (99.99 ms; e.g., Vickers,
1996) or PAL (120 ms; e.g., Singer et al, 1998) systems.

The following three measures were assessed:

Search rate. This measure included the mean number of fixations and the mean fixation

duration per trial.

Relative fixation time per location. This measure reflected the amount of time spent
fixating the upper body (including head/neck, shoulder, chest, trunk, arms, wrist/hand),
lower body (hip, thigh, knee, calf ankle/foot) and non-bodily areas (ahead of the body,
lagging the body, the ball/ball’s trajectory).

Number of areas of the model sampled. The mean number of areas fixated across trials
was assessed. This variable was obtained by dividing the display into the following
regions: head/face; shoulder; chest/trunk; arm (mid-segment); elbow; wrist/hand; hip;
thigh; knee; calf/shin; right foot/ankle; left foot/ankle.

Kinematics. Three assessments of coordination were made. The first was a
measure of limb coordination relative to the ball. In this analysis, the number of steps in
the approach to the ball was documented for all participants on all test trials. A more
detailed analysis of all trials was then conducted for a single participant for each group.
Each participant selected was considered to be representative of their group. This was
based on a qualitative analysis of angle-angle plots for a single trial in pre-, post- and
retention tests for all participants. Intra-limb coordination was assessed using angle-

angle plots for the knee-hip and knee-ankle. This assessment required the start and end
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points of the analysis of the kick to be normalised due to large variation in approach to
the ball. Analysis commenced at the initiation of right knee flexion in preparation for
the back swing of the kick and ended at the moment of maximal right knee extension
following contact with the ball. In addition to this analysis, joint range of motion was
assessed over the same period of time. Finally, the relative temporal phases of knee
flexion and extension were examined from the initiation of the back swing of the kick
through to maximal post-contact knee extension. Data were smoothed with a 4™ order

Butterworth filter with a cut-off frequency of 7 Hz. The filter was applied twice (the

second pass in the reverse direction) to negate phase lag (Winter, 1990).
Statistical analysis

Visual search data were analysed using separate factorial analyses of variance
(ANOVA) in which viewing condition (VIDEO; PLD ) was the between-groups factor
and observation period and trials the within-groups factors. Outcome data were analysed
using separate repeated measures ANOVA in which group (VIDEO; PLD; control) was
a between-groups factor and test period a within-groups factor. Significant effects were
followed up where appropriate using the Tukey HSD (alpha = <.05). Where violations
of the assumption of sphericity for repeated measures ANOVA were observed, data

were adjusted with a Greenhouse-Geisser epsilon factor.

Results

Outcome scores

ANOVA revealed main effects for test session in radial error, F (2, 36) = 21.74,
p <.01, and variable error across the x-, F (2, 36) = 11.53, p <.01, and y- axis F (2, 36)

= 7.76, p < .0l. Post hoc Newman-Keuls analysis indicated a significant increase in

accuracy and reduction in variability from pre- to post-test. These differences were
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maintained on the delayed retention test. A main effect for viewing condition was not

observed. Radial and variable error scores are presented in Figure 2.2.

AE (cm)

40 \— e r T —

PRE ACQ1 ACQ2 ACQ3 POST RET
Test Session

ce.@---CONX
100 - —@—VID X
~ —A— -PLDX
«e.0---CONY

- = =PLDY

20+ ..-'. —
PRE ACQ1 ACQ 2 ACQ3 POST RET
Test Session

Figure 2.2. Mean Radial (A) and Variable Error (B) for all Groups_Across Test and
Acquisition Conditions

Visual search data

Search rate. No significant differences were noted between the video and point-

light display groups for mean number of fixations per trial or mean fixation duration (p
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>.05). Similarly, main effects for observation period and trials were not observed. The

search rate data are shown in Table 2.1.

Relative fixation time per location. ANOVA indicated a significant main effect
for fixation location, F (2,24) = 63.01, p < .01). The participants spent more time
fixating on the lower body than the upper body. A Viewing Condition x Fixation
Location interaction was also present, F (2,24), = 6.63, p < .01). Post hoc analysis
showed that the PLD participants exhibited a more even distribution of fixations over
the lower body (M = 48.98%) and non-bodily areas (M = 42.27%). Furthermore, they
fixated for relatively less time on the upper body than the VIDEO group (M = 8.75%

versus 17.8%). The VIDEO group spent more time fixating the lower body (M =

53.96%) compared with the upper body (mean = 17.79%) and non-bodily areas (M
28.30%). Relative fixation time per location data are shown in Figure 2.3.
O Upper Body

B ower Body
O Non-bodily

% Viewing Time

VIDEO PLD
Group

Figure 2.3. Percentage of viewing time allocated to the model’s upper body. lower bod
and to non-bodily areas.
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Number of areas sampled. A main effect for observation period was observed, E (2, 24)
= 3.90, p <.05. Post hoc analysis indicated that participants fixated on fewer areas of
the body across each of the observation periods from 1 M =3.57,SD=.99)to2 (M =
3.06, SD = .64) to 3 (M = 2.97, SD = .72). ANOVA also revealed a significant main
effect for trial, F (4, 48) = 4.21, p < .05. Post hoc analysis indicated that participants
fixated on fewer areas of the display in trial 5 (M = 2.67, SD = 1.20) than trial 1 (M =
3.56, SD = 1.47), trial 2 (M = 3.38, SD = 1.23) or trial 4 (M = 3.17, SD = 1.45). There
was no main effect for viewing condition (VID M =3.50, SD= 1.45; PLDM =2,90,
SD=1.13; F (1,12) =4.16, p <.06) . However, given the marginal significance level
and small sample, an effect size statistic was calculated for the viewing condition main

effect. The analysis revealed a moderate effect size of .45.

Kinematics

Approach to_the ball. An assessment of the number of steps in approach to the ball
indicated significant main effects for group, F (2, 18) = 6.88, p < .01. A significant
main effect for test period was found, F ( 1.27, 22.85) = 4.48, p < .05. A Group x Test
Period interaction was also present, F (2.54, 22.85) = 6.81, p <.01. As a whole, the
participants increased the number of steps in their approach to the ball, becoming more
like the model (the model employed a three step approach, where contact with the ball

occurred at step three). Although all three groups were closely matched on pre-test

scores, in retention the VIDEO and PLD groups increased their steps beyond that of the
control group to become more like the model. The control participants decreased the

number of steps used to become less like the model. These results are shown in Table

2.2,
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Table 2.2. Mean (+ SD) number of steps in approach to the ball for all groups
across test conditions.

w

Group Pre-test Post-test Retention test
.
VIDEO 2.2 2.8 2.9
(-:8) (:4) (4)
PLD 2.0 2.5 2.6
(.1 (.5) (.5)
CONTROL 2.2 1.9 1.7
(.5) (.4) (:3)

Phasing of knee flexion and extension. Figure 2.4 illustrates the relative phasing of knee
flexion and extension in the soccer chipping motion. The CONTROL group participant
increased her ratio over test conditions to become less like the model. In addition, her
variability in retention (as indicated in standard deviations) remained similar to pre-test
levels. Conversely, the VIDEO group participant decreased her ratio in post-test and
retention-test conditions by shortening the period of knee flexion so as to be nearly
identical to the model. Furthermore, the VIDEO participant greatly reduced the
variability in her flexion-extension phasing in the post- and retention-tests. The PLD

participant also became more like the model, but maintained a moderate degree of

variability in retention.
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Figure 2.4. The ratio of time for knee flexion to time for knee extension during the
soccer chip across test conditions.

Intra-limb coordination. The joint range of motion results are presented in Figure 2.5.

The model chipped the ball using a large knee range of motion, while keeping hip range
of motion low and the ankle almost locked (6° of motion). The VIDEO participant
learned to decrease her ankle and hip range of motion, but could not increase knee range
of motion be more like the model. The PLD participant showed very little change in all
range of motion pre- to retention tests. Finally, through practice, the CONTROL
participant increased range of motion at the knee, and decreased range of motion at the

hip to perform more similarly to the model, but also increased ankle range of motion.

The angle-angle plots presented in Figures 2.6 - 2.11 provide an appropriate

indication of relative motion and intra-limb coordination, as they illustrate the
movement independent of control variables such as velocity and acceleration. The

problems encountered in acquiring the model’s range of motion are reflected in the
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knee-hip angle-angle plots (see Figures 2.6, 2.7 and 2.8) and knee-ankle angle-angle
plots (see Figures 2.9, 2.10, and 2.11). The model’s relative motion pattern of minimal

hip and ankle motion (i.e., width across the x-axis on the plot) coupled with large range
of motion at the knee (i.e., depth on the y-axis), are indicated by narrow, deep wells.

These are not closely approximated due to the aforementioned errors in replicating

range of motion.

The model’s movement appears to proceed in three phases (see Figure 2.6).
Moving clockwise, there is initially extensive knee flexion coupled with hip stability
(back-swing). This is followed by hip flexion with moderate knee extension. Finally,

there is considerable knee extension with the return of stability in the hip angle as a
result of no follow-through. For the VIDEO participant the knee-hip coordination is
not learned. The first phase of movement is attenuated by minimal knee flexion (see
Figure 2.6), the second phase is exaggerated by over-extension of the hip in the follow
through. As a result, phase three does not occur. The only qualitative improvement for
the VIDEO participant appears to be in the symmetry of the movement in retention.
Figures 2.7 and 2.8 show that the three phases of movement are more pronounced for
the PLD and control participant respectively. The PLD participant shows greatest
improvement from the pre-test to the retention test. However, in retention, her patterns

are not closer to the model than those of the CONTROL participant, who also illustrates

greater stability.

For knee-ankle coordination, the model again shows the two distinct periods of
knee flexion and extension, with extension preceded by only slight ankle flexion. None
of the participants were able to approximate this pattern as a result of excessive ankle

motion. The CONTROL participant again shows greatest stability in her movement

pattern (see Figure 2.11).
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Discussion

The aims of this study were to compare visual search strategies in response to
video and point-light models and to examine the effectiveness of each mode of
demonstration in facilitating task outcomes and correct movement form. It was
hypothesised that participants observing the point-light model would learn outcomes
and coordination better than those observing the video model. It was also hypothesised
that participants observing the point-light display would illustrate more selective search
than would those observing the video model. Furthermore, it was anticipated that search
strategies would become more refined within and between successive periods of
observation, regardless of viewing condition.

The results indicated an overall learning effect across all groups for outcome

assessment. All three groups developed greater accuracy on the task, coupled with
decreased outcome variability. However, observation of a model did not appear to
facilitate the learning of task outcomes over and beyond those participants who
practised the task with knowledge of results. This supports the findings of Romack
(1995), while contradicting those of Landers and Landers (1973). Newell’s (1985)

classification of coordination, control and skill as an embedded hierarchy in stages of

learning may explain the results. For the participants observing the models, the task was
one of acquiring a specific and new movement topology and of scaling the new relative

motion pattern in order to hit the target area. The group not using a model could explore
their own, intrinsic movement patterns and scale them appropriately. It 1s important to
note that Newell (1985) does not suggest that coordination (the assembly of a new
movement topology) precedes control (the parameterisation of the movement pattern),

but rather that coordination is the organisation of control. As such it would be inaccurate

to suggest that the modelling groups were in a coordination phase of learning while the
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control group were in a control phase of learning. It would appear that since the
CONTROL group participants were adjusting their own naturally occurring kicking
motions, the assembly of an appropriate topology was simpler, facilitating the
organisation of control. In contrast, the participants in modelling groups tried to acquire
an unnatural topology, experiencing more complex assembly of the relative motion
pattern. This would result in diminished organisation of control and arguably less
intrinsic links with the control of the movement. The implication for past and future
research is that for tasks in which the goal for participants observing a model is to
achieve a prescribed outcome and replicate a movement pattern, the benefits of the

model may be offset by heightened task complexity. As such, in comparison to control

groups, outcome scores for modelling groups may be similar, or worse (e.g., Romack,

1995).

No support was found for the prediction that viewing a point-light display model
would be more effective in learning than observation of a video model. The fact that
these groups did not differ supports the finding of Williams (1989b) with darts-style
throwing. This finding suggests that neither the additional structural information

afforded by video, nor the greater accessibility of relative motion in a point-light display

led to superior learning.

In terms of movement kinematics, the observation of a model facilitated the
acquisition of the model’s global pattern of coordination. Participants who practised the

task without reference to the model gradually decreased their approach to the ball,

becoming less like the model, whereas those observing the video and point-light models
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