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The purpose of the study was to examine whether individuals 

with profound mental retardation (PMR) create memory 

representations of a motor skill according to the 

predictions of a prototype model or an exemplar model. In 

Experiment 1, the predictions of the prototype and exemplar 

models were tested with regard to novel task transfer 

performance. Six male adults with PMR (CA: M = 44.75, SD= 

12.17 years) threw beanbags to three distance exemplar 

during the acquisition, followed by four novel transfer 

exemplar distances, including two different and two similar 

exemplars. During 8 acquisition days participants performed 

15 trials per exemplar. Oh day 9 participants performed 5 

trials per acquisition exemplar and 15 trials per transfer 

exemplar. For constant (CE), absolute (AE), and variable 

(VE) errors, percentage scores were obtained by dividing the 

error scores by the exemplar distances. In Experiment 1, 

one-way repeated measures ANOVAs resulted in significant 

V 



exemplar main effects for AE% and VE%, indicating that the 

four novel transfer exemplars were not performed equally 

well. However, there were no differences between the far 

and near exemplars for AE% and VE%, indicating that the 

degree of similarity between the transfer exemplars and the 

acquisition exemplars did not influence transfer 

performance. These results support the prototype view for 

memory representation of motor skill. In Experiment 2, the 

predictions of the prototype and exemplar models on 48-hr 

and 1-week delayed retention tests were examined. Six male 

adults with PMR (CA: M = 40.67, SD= 5.65 years) practiced 

three exemplars of the beanbag throwing task and then 

performed two old and two novel exemplars for each retention 

test. One-way RM ANOVAs indicated that the participants 

maintained overall accuracy and consistency in performance 

across the retention intervals. Previous experience with an 

exemplar did not benefit retention performance. These 

results support prototype model predictions. Additional 

analyses indicated that individuals with PMR needed 

concurrent visual information of the target to perform the 

throwing task accurately and were able to generalize the 

beanbag throwing skill to the horseshoe throwing task. 
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CHAPTER 1 

INTRODUCTION 

The ability to perceive relationships between different 

stimuli and to respond appropriately to new situations on 

the basis of what has been learned from previous experiences 

plays an important role in different theories of 

intelligence (Hayes & Taplin, 1993a; Stephens, 1966). This 

capacity to transfer learned behavior from familiar to less 

familiar environments is considered an important component 

of normal intellectual functioning and a central factor that 

determines individual differences in intellectual ability 

(e.g., Campione & Brown, 1984; Hayes & Taplin, 1993a; Spitz, 

1982; Stephens, 1966). 

Researchers in the 1960s had a generally pessimistic 

view of the abilities of individuals with mental retardation 

to construct concepts from experiences and to transfer them 

to novel situations. Kendler and Kendler (1962) 

demonstrated that individuals with mental retardation had 

difficulty learning discrimination tasks after the relevant 

dimension for discrimination was shifted. This result was 

interpreted as evidence that these individuals were 

deficient in the ability to form abstract internal memory 

representations of the relevant dimensions of the stimulus 
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classes. This interpretation was supported by Vygotsky 

(1962), who suggested that the ability to abstract 

membership rules for well-defined stimulus classes was 

lacking in individuals with mental retardation. It was 

suggested that these individuals may have fewer conceptual 

categories (Davies, Sperber, & McCauley 1981; Stephens, 

1964; Sperber, Ragain, & McCauley, 1976) and fewer referents 

per category than individuals without mental retardation 

(Blount, 1968; Sperber, Ragain, & McCauley, 1976). 

The practical consequences of these deficits are 

probably far reaching. For example, the diminished 

inventory of conceptual categories and referents per 

category may increase the possibility that future learning 

experiences will continue to be inadequate in that the 

individuals with mental re~ardation must interpret new 

experience in terms of fewer organizing principles. 

Moreover, an individual whose repertory of categories is 

limited is likely to be confused when confronted by 

experience for which he or she can provide no framework for 

interpretation (Stephens, 1964). 

The inability to form and use concepts may also be a 

function of the severity of mental retardation; that is, the 

more severe, the less the ability to form and use concepts. 

For instance, individuals with profound mental retardation 

(PMR) have greater memory and learning deficits associated 



3 

with mental retardation than those with mild, moderate, and 

severe levels of mental retardation. Those deficits may 

result in slow acquisition, poor and short attention to 

relevant task details, failure to employ adequate memory 

strategies, and a reduced ability to generalize (Ager, 1983; 

Browder, 1991; Cipani, 1990; Crosby, 1972; Landau & Hagen, 

1974). -

Additionally, compared with individuals with less 

severe mental retardation, the motor skill deficits of 

individuals with PMR vary greatly, ranging from individuals 

who are nonambulatory and exhibit severe contractures to 

those who are partially or fully ambulatory and who exhibit 

a few rudimentary skills. These motor skill deficits also 

influence how all skills are learned, including motor 

skills. 

Nonetheless, recently researchers have been generally 

optimistic about the potential that such individuals may 

have for motor skill learn~ng and the importance of this for 

their quality of life (Jansma, 1993). For instance, 

researchers have acknowledged that individuals with PMR can 

learn a simple movement and improve the information 

processing aspects of the skill (Choi, Meeuwsen, & French, 

1995b) as well as movement time with extended practice 

(Wade, Hoover, - & Newell, 1984) . The improvement of their 

ability to attend to the task may underlie the improvement 
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in motor skill performance (Choi et al.,· 1995a; Silliman & 

French, 1993). Furthermore, researchers have indicated that 

even individuals with profound mental retardation can 

generalize motor performance to different conditions (Berg 

et al., 1994; Silliman & French, 1993). 

If individuals with PMR can learn motor skills (Choi et 

al., 1995b; Silliman & French, 1993; Wade et al., 1984), it 

is important to determine the nature and content of the 

underlying memory representation, because it has been 

assumed that well-learned motor skills are centrally 

represented in memory (Schmidt, 1975). However, what is 

absent in research related to individuals with PMR is an 

investigation of the representation of motor skills in 

memory. If the nature and content of the memory 

representation can be determined, important knowledge can be 

gained about the processes by which the memory 

representation is developed, as well as how this 

representation interacts with environmental information to 

produce a motor response (Chamberlin & Magill, 1992a). For 

example, although the original movement experience in large 

part determines the content of the memory representation, 

the encoding processes also work to determine the content. 

It may be possible that some information from the experience 

is usually lost during encoding and some may even be added 

as in the case of subjective contours in visual perception. 



Two distinct theoretical models on the nature and 

content of the memory representation in category learning 

have been developed by researchers in information 

processing: · (a) prototype models and (b) exemplar models. 

Each of these models are thought to be established using 

somewhat different processes. 

Prototype Model 

A prototype is either an exemplar that is se.lected as 

being the most similar to the remaining exemplars, or a 

representation that is generated by an averaging process 
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(Farah & Kosslyn, 1982). In either case, the prototype is 

mentally constructed, most typical exemplar of a given 

category. In the prototype model, the learner forms an 

abstract representation of each category of motor skills 

represented in a series of .learning experiences, then 

classifies new exemplars on the basis of their distance from 

the category prototypes (Estes, 1986; . Levine, 1966; Posner & 

Keele, 1968, 1970). For ex~mple, after experiencing many 

different kinds of dogs, the learner forms a prototypical 

dog which has a head, a tail, four legs, and so on. Then 

the learner classifies a new dog on the basis of its 

distance from the prototypical dog by discovering the 

necessary and sufficient attributes. Such an account seems 

particularly plausible for individuals with PMR given their 

memory deficits (Forness & Kavale, 1993). Prototype 



formation would make efficient use of this limited memory 

ability by reducing the amount of specific item information 

that has to be explicitly stored in the representation of a 

category (Farah & Kosslyn, 1982; Hayes & Taplin, 1993b). 

The prototype model has been supported by a number of 

studies that have used visually perceived stimulus items 

6 

(Franks & Bransford, 1971; Hintzman, 1986; Posner & Keele, 

1968, 1970; Rosch, Simpson, & Miller, 1976), kinesthetically 

perceived stimuli (Lee, 1985; Solso & Raynis, 1979), and 

actively produced movement (Chamberlin & Magill, 1992b). 

Exemplar Model 

In contrast, the exemplar model is based on the 

assumption that the learner constructs and stores mental 

representations of specific individual experience, and then 

classifies novel experienc~s based on the distance between 

the novel and stored experiences (Estes, 1986; Hintzman, 

1986; Medin & Schaffer, 1978). In the exemplar model, 

concepts are represented in the form of a unique memory of 

each experience (Brooks, 1978; Estes, 1986; Medin & 

Schaffer, 1978). A novel item acts as a retrieval cue for 

previously experienced exemplars and categorization proceeds 

through a comparison of an object with one or more of these 

familiar exemplars. For example, the concept dog is 

represented by specific encodings of individual dogs the 

learner knows. A new dog is recognized as a dog if it is 



similar to one or more of the known dogs. A dog is judged 

more or less typical, depending on how many known dogs it 

resembles and on how close that resemblance is in each case 

to the known dogs (Farah & Kosslyn, 1982). Researchers 

(Hintzman, 1986; Medin & Schaffer, 1978; Nosofsky, Clark, & 

Shin, 1989; Nosofsky, Kruschke, & McKinley, 1992) have 

systematically compared the quantitative predictions of the 

prototype model with those of the exemplar model. The 

outcomes of these comparisons have been overwhelmingly in 

favor of the exemplar model within the framework of 

cognitive concept learning for individuals without 

disabilities. 

Although researchers have investigated the contents of 

memory representation within the framework of cognitive 

category learning in child~en (Hayes & Taplin, 1993b; 

Krascum & Andrews, 1994) and individuals with mental 

retardation (e.g., Hayes & Taplin, 1993a) over the past two 

decades, there has not bee~ a comparable degree of research 

related to motor skill learning. Recently, Chamberlin and 

Magill (1992a, 1992b) applied the memory representation of 

cognitive category learning to the motor behavior domain in 

individuals without disabilities. To date, however, these 

models have not been applied to motor skill learning of 

individuals wi.th mental retardation, including those with 

PMR. 
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One common assumption for individuals without 

disabilities regarding the form of memory representation of 

motor skills is that these skills are represented in an 

abstract form in memory. This belief is based on the schema 

theory of discrete motor skill learning (Schmidt, 1975). 

Schema theory of discrete motor skill learning is actually 

an adaptation of the prototype model of cognitive concept 

learning and category representation. 

One difference between the prototype model for 

cognitive concepts and schema theory for motor skill memory 

representations is that the prototype model is directed at 

the recognition and classification of stimulus items, while 

schema theory is directed toward the production of movements 

(Chamberlin & Magill, 1992b). The common link, however, is 

that the prototype model a~d schema theory conjecture 

learning as being the product of an abstraction process that 

results in the formation of a central, abstract 

representation. The product of the abstraction process is 

not a directly perceived experience, but rather the 

compilation and synthesis of a number of experiences. The 

concept memory representation in the prototype model 

consists of the central tendency (either mean or mode) of 

the category, while schema theory proposes a central 

representation consisting of the invariant features of a 

class of movements and the relationship among the various 



sources of information (Chamberlin & Magill, 1992b). 

The assumption that motor skills are represented in a 

centralized, abstract form seems to have been accepted with 

very little questioning by motor learning researchers. In 

fact, many empirical researchers have accepted the 

generalized motor program and the proposed schemata as 

constants and have only investigated the variability of 

practice hypothesis (see Shapiro & Schmidt, 1982; Van 

Rossum, 1990, for reviews). However, this hypothesis is 

only one prediction of the schema theory. 
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Nevertheless, Van Rossum (1990), after an extensive 

literature review of 73 different studies on the variability 

of practice hypothesis, concluded that schema theory cannot 

rest on consistent supportive evidence with children and 

adults. Moreover, the schema theory has received marginal 

or no support for individuals with mental retardation (Del 

Rey & Stewart, 1989; Dummer, 1978; Edwards, Elliott, & Lee, 

1986; Eidson & Stadulis, 1991; Porretta, 1982). 

In most previous experiments, the means for transfer 

and retention performance are ordered in the direction 

predicted by schema theory. However, in some cases, 

statistical significance was not obtained (Porretta, 1982). 

For example, no significant effects for group or condition 

on acquisition and transfer were reported in a study by 

Edwards, Elliott, and Lee (1986) for individuals with 



moderate mental retardation. More recently, Eidson and 

Stadulis (1991) suggested that the variability of practice 

hypothesis was supported, but only for closed skills. 

10 

Additionally, Chamberlin and Magill (1992a, 1992b) 

identified two primary difficulties with the prototype model 

for the memory representation of motor skills: (a) little 

empirical research exists that provides evidence for the 

prototype model in motor skill acquisition; and (b) the 

prototype model that has served as the basis for motor skill 

representation in schema theory has been tested and rejected 

by researchers in cognitive concept learning. 

Two additional difficulties associated with the 

prototype model can be identified. First, the prototype 

model does not clearly explain how abstract knowledge, which 

is assumed to be stored explicitly in memory, was learned 

originally and how it is modified by new experience. 

Second, it does not adequately expla~n the flexibility and 

context dependency that characterize the use of concepts by 

human (Hintzman, 1986). 

These difficulties have led many scholars to reconsider 

the question of memory representation for category 

information and led them search for an alternative 

explanation. An alternative view, called the exemplar 

model, has fueled considerable debate within cognitive 

psychology (e.g., Hintzman, 1986; Medin & Schaffer, 1978). 
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From a conceptual perspective, the exemplar model provides a 

much simpler model for memory representation than the 

prototype model, because a direct link between exemplars 

previously experienced and the recognition of novel 

exemplars is provided without the need to impose an 

intermediary abstraction process. 

Chamberlin and Magill {1992a) speculated on the use of 

this exemplar-based model as the representational scheme for 

motor skills. Rather than relying on an prototype model for 

the production of movement, an exemplar model would make use 

of an action plan from a previously performed movement 

experience. One common objection to the exemplar model is 

that the number of stored exemplars would grow so large that 

either the capacity of human memory would be exceeded and 

the search processes requir~d to access a similar exemplar 

would be too time consuming. However, long-term memory 

capacity of the human brain seems unl~mited {Atkinson & 

Shiffrin, 1968). It is also reasonable to assume that the 

learner becomes selective as the number of stored exemplars 

grows, so that only exemplars that differ significantly from 

those already stored are added to the set of·stored 

representations (Farah & Kosslyn, 1982). 

The perspective of the exemplar model may provide some 

help in understanding the memory representation of motor 

skills in individuals with PMR. In the exemplar model, 
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learning a concept requires very little cognitive 

sophistication. It simply requires the ability to remember 

individual exemplars. It is reasonable to assume that 

individuals with PMR are less adept at analysis of complex 

concepts than individuals without PMR and that their 

attentional resources and effective working memory space are 

severely limited. Therefore, the processes involved in 

exemplar model learning may be within the bounds of 

competence of individuals with PMR. However, no research 

has been conducted on individuals with mental retardation, 

especially those with PMR to examine this question. 

Task Selection 

The notion of similarity is critical for any theory of 

concept acquisition, because stimuli are categorized 

together only if they are ~erceived to be alike in relevant 

ways (Farah & Kosslyn, 1983). Chamberlin and Magill (1992b) 

also acknowledged a possible debate on the term similarity 

for motor skill research. Similarity was defined as "the 

congruence between the environmental conditions immediately 

before and during the performance of the movement and the 

response characteristics (Chamberlin & Magill, 1992b, p. 

311) ." ~ To allow for a concise measure of similarity among 

the exemplars based on this definition, Chamberlin and 

Magill (1992b)_ held all environmental conditions and 

response characteristics constant, except one: distance over 
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which the movement had to be performed. 

Although Bernstein (1967) distinguished between the 

topological properties (spatial patterns) of a movement and 

its metric properties (size and dimensions) and emphasized 

the dominance of the topological properties, the metric 

properties of a movement were used in the present study. 

The reason for doing so is that the recall schema in schema 

theory deals with movement properties such as absolute force 

and overall duration parameters rather than with trajectory 

formation. Accordingly, in the present study, distance was 

viewed as a distinguishing characteristic between individual 

ex~mplars and the essential component of the response that 

must be accounted for in the memory representation. 

Beanbag throwing was selected as the task for the 

present study. Beanbag th~owing requires the participants 

to select an appropriate force output that is related to the 

required throwing distance. The beanbag throwing movements 

over different distances belong to the same class of 

movements, because they are discrete movements using the 

same limb to perform a topologically similar task. 

Different throwing distances require only variation in the 

force parameter. Given the same topological and different 

metric characteristics of the exemplars selected for this 

study, it was ~ssumed that all exemplars belong to the same 

movement class, namely throwing a beanbag over a certain 
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distance (Schmidt, 1988). 

Purpose of the Study 

The purpose of the study was to examine whether 

individuals with PMR create memory representations of a 

motor skill according to the predictions of a prototype 

model or an exemplar model. To investigate the predictions, 

the active production of a beanbag throwing movement was 

used as the experimental task in individuals with profound 

mental retardation. 

Statement of the Problem 

The prototype and exemplar models provide divergent 

predictions for both novel task transfer and retention task 

performance. Experimentally testable differences for both 

the transfer and retention characteristics of motor skill 

performance can be identif~ed. Based on these predictions, 

two problems were examined in two different experiments, 

both of which required throwing a beap bag toward a target. 

First, in Experiment 1_, the predictions of the 

prototype and exemplar models were tested with regard to the 

novel task transfer performance of a motor skill in 6 male 

adults with PMR, ages 28 to 60 years. According to the 

prototype model, which underlies schema theory, three 

predictions can be tested for novel task transfer 

performance (Chamberlin & Magill, 1992b; Medin & Schaffer, 

1978; Posner & Keele, 1968, 1970). First, if the recall 
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schema is reasonably well established for a class of 

movements, participants can produce novel movements which 

were never experienced before as accurately as they can 

produce old, well-trained movements. The reason for this is 

that the schema treats movements that differ as the same, if 

they fall within the boundary of the recall schema. Second, 

if constant error in performance is noted, then any bias in 

this error should be in a consistent direction, because the 

abstract rule used to produce the parameters removes the 

true values, resulting in a consistent undershooting or 

overshooting of the criterion performance. Third, the 

relationship between the transfer exemplars and previously 

experienced exemplars should not influence novel task 

transfer performance. 

In contrast, the exemplar model would predict a 

differing amount of error and bias when participants 

performed novel transfer movements. First, the relationship 

between previously experie~ced and novel responses should 

influence novel response performance. The amount of error 

should decrease as the novel exemplar is more similar to the 

stored exemplars (the previously performed movements) and 

increase as the novel exemplar becomes less similar to the 

stored exemplars. That is to say, novel responses that are 

performed in a. context that is similar to the context in 

which the stored exemplar was experienced during acquisition 
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should be performed with less error than novel responses 

with contextual characteristics that are less similar to the 

acquisition characteristics. Second, any bias in constant 

error noted in performance should be toward the most 

similar, previously experienced exemplar. 

To investigate these predictions, 6 participants with 

PMR practiced three exemplars from the same class of beanbag 

throwing movements and then performed a number of novel 

responses that varied in throwing distance compared to the 

exemplars experienced during acquisition. The participants 

threw beanbags to three different exemplar distances during 

the acquisition phase of the experiment and then threw 

beanbags to four different novel exemplar distances during 

the novel transfer phase of the experiment. 

In Experiment 2, the ~redictions of the prototype and 

exemplar models on 48-hr and 1-week delayed retention tests 

were examined. When delays on the order of several days are 

inserted between initial acquisition and retention tests, 

significantly greater forgetting is observed for the 

original training exemplar than for the abstract prototype 

(Medin & Schaffer, 1978), because forgetting tends to affect 

the peripheral information more than the abstracted central 

information. A retention interval allows forgetting of 

individual exemplars experienced during the acquisition 

phase to take place. 
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The prototype model of memory representation predicts 

that there should be no advantage to performing previously 

experienced exemplars over performing novel exemplars that 

belong to the same class of movements. Once separate 

exemplars have been passed through the abstracting 

mechanism, they are discarded. Therefore, following a 

retention interval that allows the abstracting and 

forgetting processes to occur, there should be no difference 

between the performance of previously performed and novel 

exemplars. 

The exemplar model, on the other hand, predicts an 

advantage for performing previously experienced exemplars 

over novel exemplars. The action plan containing the 

specific parameter values is available in memory when 

performing a similar new exemplar (Chamberlin & Magill, 

1992b; Medin & Schaffer, 1978). Performance of a different 

new exemplar would require the use of parameters 

approximated from the nearest stored exemplar (Chamberlin & 

Magill, 1992b). 

The length of the retention interval can be debatable, 

because its appropriateness has not been empirically 

established for motor skill learning of individuals with 

profound mental retardation. It is generally accepted that 

as a retention.interval increases, judgments are 

increasingly likely to be based on the prototype and less 
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based on specific exemplar information (Medin & Schaffer, 

1978), because the specific exemplar information is 

forgotten more rapidly than the abstract, prototype level 

information. Therefore, it is necessary to investigate the 

effects of different retention interval durations on 

retention test performance. 

Researchers who investigated cognitive concept and 

category learning of children (e.g., Hayes & Taplin, 1993b) 

and the general population (e.g, Posner & Keele, 1970) 

employed 24-hr and 1-week retention intervals. Chamberlin 

and Magill (1992b) also used 24-hr and 1-week retention 

intervals for the learning of a motor skill. In the present 

study, however, the 48-hr retention intervals were used, 

because the 48-hr intervals was used during the acquisition 

phase. 

In Experiment 2, therefore, these predictions about 

performing previously produced exemplars compared to novel 

exemplars were investigate~ after 48-hr and 1-week retention 

intervals. Six males with PMR who did not participate in 

Experiment 1 practiced three exemplars of the beanbag 

throwing task and then performed two old and two novel 

responses that varied in throwing distance for each of the 

two retention tests. 

Additionally, follow-up tests were performed (a) to 

determine whether the participants could perform the beanbag 



19 

throwing task based on their memory representation developed 

for the movement rather than visual perception of the target 

and (b) to determine whether the participants could 

generalize the learned beanbag throwing skill to a different 

task (horseshoe throwing). 

Definitions and Explanations of Terms 

The following definitions and explanations of terms 

were established for use in this study: 

Absolute Error (AE) 

Absolute error is the average absolute deviation of a 

set of scores from a target value (Schmidt, 1988). It is a 

measure of overall error. 

Acquisition Phase 

Acquisition phase is a session of practice provided to 

a learner in order to enhance retention or transfer 

performance (Shea, Shebilske, & Worchel, 1993). 

Categorization 

Categorization is defined as an individual's ability to 

assign objects or other stimulus patterns to categories for 

which there is some way of characterizing correct 

performance (Estes, 1986). 

Concept Formation 

Concept formation is a mental representation of a 

category or set of categories that is presumed to underlie 

categorization performance (Estes, 1986). 
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Constant Error (CE) 

Constant error is the value of the signed deviation of 

a participant's score from a target value (Magill, 1993). 

Error Trial 

Error trials refer to responses in which the beanbag 

does not land within the 20% bandwidth or on the target 

board. In addition, the trials performed using two hands, 

nonpreferred hand, or overhand throwing were considered 

error trials. These error trials were repeated immediately. 

Exemplar 

Exemplar is individual instance of a concept within a 

category. In the present study, the exemplars were 

individuals distances the participants threw the beanbag. 

These individual distances are assumed to be in the same 

class of movements. Old exemplars referred to the distances 

participants experience during the acquisition phase of the 

experiment and novel exemplars were the distances performed 

during the transfer or retention tests that were different 

from the distances practiced during the acquisition phase 

(see Appendix C). 

Memory Representation Phase 

The memory representation phase was used to determine 

whether participants could perform the task based on their 

memory representation of the target position rather than 

visual perception of the target. Spending 2 s without 



viewing the target prior to throwing allows time for the 

critical visual perception information of the target to 

deteriorate. Thus, participants depended on any mental 

representation of the target position with decreased 

opportunity for visual perception to throw the beanbag to 

the target (Elliott, 1992). 

Prototype 
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A prototype is either an exemplar that is selected as 

being the most similar to and representative of the 

remaining exemplars or a representation that is generated by 

an averaging process; in either case, the prototype is a 

representation of the (actual or mentally constructed) most 

typical exemplar of a concept (Farah & Kosslyn, 1983). 

Profound Mental Retardation 

Profound mental retardation (PMR) denotes those 

individuals with minimal competence in awareness, movement, 

and communication (Luckasson et al., 1992). In the present 

study, PMR referred to individuals with IQs below 25 who 

reside at a residential setting that requires close 

supervision and provides training in adaptive skills such as 

communication, self-care, home living, and social skills 

(Grossman & Tarjan; 1987; Jansma & French, 1994). The ages 

ranged from 28 to 60 years. 

Retention Phase 

Retention phase is a phase of skill performance 
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following an interval of time after practice has ceased 

(Magill, 1993). In the present study, retention referred to 

delayed practice experiences on distance exemplars that were 

experienced or were not experienced during the acquisition 

phase. The retention tests took place after 48-hr and 

1-week intervals. 

Similarity 

Similarity is defined as "the congruence between the 

environmental conditions immediately before and during the 

performance of the movement and the response 

characteristics" (Chamberlin & Magill, 1992b, p. 311). In 

the present study, the similarity was defined operationally 

as the distance over which the beanbag was thrown. 

Social Validity Phase 

Social validity is a concept that, in part, deals with 

the social or applied importance of the effects of 

intervention programs (Gresham, 1983; Schwartz & Baer, 

1991). Combs and Jansma (1990) suggested that the objective 

of any experimental program should be appropriate in the 

view of the public and not just meet the private standards 

of the experimenter alone. In the present study, the 

horseshoe throwing task was used to determine whether 

behavioral changes in the beanbag throwing task were 

transferable to a real-life skill. The reasons for 

selecting the horseshoe throwing task were (a} that it uses 



the same movement properties as the beanbag throwing task, 

(b) that it is a widely played recreational activity, and 

(c) that the skill provides an opportunity for social 

interaction. 

Transfer Phase 
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The transfer phase is a phase used to measure learning 

effects in which a skill must be performed in a situation 

different from the acquisition session (Magill, 1993). In 

the present study, transfer concerned immediate practice on 

distance exemplars that were not experienced during the 

acquisition phase. The transfer phase was separated from 

the last acquisition trials on Day 9 by a 5-min interval. 

Variable Error (VE) 

Variable error is the standard deviation of a set of 

responses about the learner'~ own average score (Schmidt, 

1988). VE is a measure of overall consistency. 

Hypotheses of the Study 

In Experiment 1, the predictions of an exemplar and a 

prototype model for novel task transfer performance of a 

motor skill in individuals with profound mental retardation 

were investigated. The predictions for retention 

performance were tested in Experiment 2. The family-wise 

error rate was set at .05 for each hypothesis and adjusted 

using the Bonferroni technique when testing each of the 

three different dependent variables and conducting follow-up 
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tests. The following hypotheses were examined in Experiment 

1 and Experiment 2 at the .05 levels of significance: 

Experiment 1 

1. There are no significant differences during 

acquisition among the three exemplar conditions (130, 260, 

and 520 cm) on the performance of a beanbag throwing task 

for relative AE, VE, and CE. 

2. There are no significant differences during 

acquisition among the trial blocks on the performance of 

beanbag throwing task for relative AE, VE, and CE. 

3. There are no significant differences between 

transfer performance and performance at the end of the 

acquisition phase for relative AE, VE, and CE. 

4. There are no significant differences between the 

two near exemplars (162.5 and 455 cm) and the two far 

exemplars (195 and 390 cm) during the transfer session on 

the performance of a beanbag throwing task for relative AE, 

VE, and CE. 

Experiment 2 

1. There are no significant differences during 

acquisition among the three exemplar conditions (130, 260, 

and 520 cm) on the performance of a beanbag throwing task 

for relative AE, VE, and CE. 

2. There are no significant differences during 

acquisition among the trial blocks on the performance of a 
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beanbag throwing task for relative AE, VE, and CE. 

3. There are no significant differences in the 

performance of a beanbag throwing task at the end of the 

acquisition phase and the retention performance on a 48-hour 

retention test for relative AE, VE, and CE. 

4. There are no significant differences between the 

performance of a beanbag throwing task at the end of the 

acquisition phase and the retention performance on a 1-week 

retention for relative AE, VE, and CE. 

5. There are no significant differences between the 

two old exemplars (260 and 520 cm) and the two new exemplars 

(162.5 and 390 cm) on the 48-hr retention test of a beanbag 

throwing task for relative AE, VE, and CE. 

6. There are no significant differences between the 

two old exemplars (130 and 260 cm) and the two new exemplars 

(195 and 455 cm) on the 1-week retention test of a beanbag 

throwing task for relative AE, VE, and CE. 

Memory Representation and Social Validity 

1. There are no significant differences between the 

Experiment 1 and Experiment 2 groups on the performance of a 

beanbag throwing task for relative AE, VE, and CE. 

2. There are no significant differences between the 

performance of a beanbag throwing task at the end of the 

acquisition phase and the performance during the memory 

representation phase and social validity phase for relative 
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AE, VE, and CE. 

Limitations 

This study was subject to the following limitations: 

1. The participants might be not representative of a 

large population. 

2. The possible side effects of prescribed medication 

influenced behavior and/or performance of the participants. 

3. There were no differences in motor learning 

between individuals with and without Down syndrome among 

individuals with PMR. 

4. There were no age-related differences in motor 

learning and performance in individuals with PMR. 

5. Methods and models developed in studying 

categorical concept learning in individuals without 

disabilities could be applied to study motor learning in 

individuals with PMR. 

Delimitations 

This study was subject to the following delimitations: 

1. The 12 male participants were randomly selected 

from individuals who had PMR and were residents of the 

Skyview Living Center in Denton, Texas. 

2. The data were collected during the same time of 

day. 

3. The participant's degree of concentration was 

maintained when attempting the beanbag throwing. 



4. The participants were required to perform 45 

error-free trials per day during the acquisition phase and 

60 error-free trials per day during the transfer and 

retention phases, because of their limited attention 

capacity. 

5. The task was limited to distance accuracy 

throwing. 
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CHAPTER II 

REVIEW OF LITERATURE 

During the last two decades the understanding of the 

concept representation has become increasingly more 

sophisticated within the framework of cognitive psychology. 

The models and methods developed in the course of studying 

general concept learning can now be applied to studying how 

learned motor skills are represented in memory by 

individuals with profound mental retardation (PMR). 

Research regarding the memory representation of motor skills 

with individuals with PMR is sparse. In this chapter, 

therefore, the recent literature concerning the nature and 

content of concept and motor skill representation in memory 

was reviewed. Specifically, the review of literature 

covered the following areas: (a) Motor Learning of 

Individuals with Profound Mental Retardation, (b) Memory 

Representation of Concepts, (c) Memory Representation of 

Motor Skills, and (d) Summary of Review of Literature. 

Motor Learning of Individuals 

with Profound Mental Retardation 

Researchers agree that motor performance of individuals 

with mental retardation is not as efficient as that of 

persons who are not disabled (Choi et al., 1995b; Wade et 

28 
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al., 1978, 1984). The more severe the mental retardation, 

the greater the deficit in movement skill performance 

(Sugden & Keogh, 1990). These differences between 

individuals with and without profound mental retardation 

(PMR) and with milder forms of mental retardation on motor 

tasks are virtually limitless, and it is possible to 

describe those differences in a variety of ways. 

In this section of the chapter, studies related to 

individuals with PMR are reviewed chronologically from late 

to most recent in order to provide theoretical perspectives 

for the learning of motor skills in individuals with PMR. 

Motor skill acquisition of individuals with PMR is examined 

from two perspectives: (a) Behavioral Perspective and (b) 

Motor Learning Theory Perspective. 

Behavioral Perspective 

Reinforcement, ignoring, punishment, and other behavior 

modification 'techniques remain influential in modern 

physical activity research with PMR (e.g., Berg et al., 

1995; Bolton, Belfiore, & Lalli, 1994; Silliman & French, 

1993). From the behavioral perspective, motor skill 

learning by individuals with PMR can be facilitated by 

reinforcement, praise, or incentives. Silliman and French 

(1993) compared the effectiveness of preferred verbal praise 

and music reinforcement on improving the soccer kick 

performance of 15 individuals with PMR. The participants 
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had IQ scores of less than 25 and had the ability to 

ambulate independently. The participants were randomly 

assigned to a control group, a verbal praise group, or a 

music reinforcer group. Results based on visual inspection 

and the split middle statistical technique indicated that 

the verbal praise and music reinforcement groups obtained 

higher scores than the control group. The 2-week follow-up 

data demonstrated that both experimental groups maintained 

higher scores than the control group. Based on analysis of 

the data, the motor performance of individuals with PMR can 

be more effectively improved if the instruction provides 

appropriate reinforcement procedures to maintain attention 

on the task being taught for longer periods of time. 

In another study involving community-based training of 

age-appropriate tasks, Berg et al. (1995) demonstrated the 

applicability of generalization training procedures in 

combination with community-based instruction in promoting 

the acquisition, generalization, and maintenance of 

performance of age-appropriate skills. Participants were 4 

individuals with PMR who were estimated to function between 

the 3- to 9-months level of development based on assessments 

of their expressive communication skills, gross and fine 

motor skills, and adaptive behavior. Each participant 

demonstrated i~proved performance on ordering and purchasing 

tasks. In addition, all participants demonstrated improved 
J 
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performance on a series of tasks selected to assess 

generalization of performance of setting, materials, and 

motor responses required to complete the target task. 

Maintenance of performance over a 4- to 5-month period was 

assessed and achieved for 2 participants. The results 

indicated that when training procedures involve 

generalization programming, even individuals with the most 

severe disability can display generalized performance across 

distinct conditions. 

Using a recreational sport skill, Bolton et al. (1994) 

investigated the effects of a stimulus fading strategy on 

golf putting accuracy in 2 adults with severe mental 

retardation and 1 adult with PMR who ranged in IQ from 13 to 

40. The stimulus fading required the participant to shift 

from a noncritical stimulus dimension to a critical stimulus 

dimension at the final discrimination. The results 

indicated that, following a systematic fading of putting 

guides, the 3 participants increased accuracy in making 1.5 

m putts during posttraining assessments on a practice green 

where training occurred compared to the training session. 

Similar increases in accuracy were monitored during 

postintervention generalization on a local golf course 

putting green when compared to the training session. 

Motor Learning Theory Approach 

In spite of the implications of the closed-loop theory 
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(Adams, 1971) and schema theory (Schmidt, 1975) for research 

on individuals with PMR, no research could be located. In 

this section, therefore, a highly speculative description of 

the motor learning of individuals with PMR was provided on 

the basis of studies related to information processing and 

schema theory in individuals with mild and moderate mental 

retardation. 

Central Information Processing. Information processing 

characteristics of individuals with PMR have been studied by 

several researchers (e.g., Hoover, Wade, & Newell, 1981; 

Newell, Wade, & Kelly, 1979; Wade et al., 1984, 1978). This 

research has greatly improved understanding of fundamental 

attention and memory processes underlying the performance of 

a variety of tasks. Similarly, understanding of the nature 

of performance and acquisition differences between 

individuals with and without severe mental retardation has 

generally improved (Wade et al., 1984). 

Reid (1987) suggested that memory could be 

distinguished by structures and control processes. The 

structures (e.g., short-term sensory store, short- and 

long-term store) are permanent, unchanging components with 

practice. The control processes (e.g., rehearsal), which 

are optional and selected at the individuals' will, actively 

interact with stimuli to ensure passage throughout the 

structural features (Atkinson & Shiffrin, 1968; Gerber & 
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Hall, 1987; Reid, 1987). 

Based on review of research on short-term memory (STM) 

for motor skills in individuals with mild mental 

retardation, Hoover and Horgan (1990) suggested that STM 

problems reflect either strategy or encoding deficiencies. 

While strategy deficiencies are related to process control 

and are thought to be ameliorated to some extent by 

instruction (Gerber & Hall, 1987), coding deficiencies seem 

to represent structural limitations, and thus are thought to 

be less susceptible to different modes of intervention (such 

as behavior modification techniques). The structural versus 

process control distinction remains a popular, although 

determining what is structure and what is process is 

sometimes difficult (Gerber & Hall, 1987; Reid, 1987). 

Developmentalists now acknowledge that both structure and 

process will change, the former possibly faster than the 

latter (Reid, 1987; Thomas, 1989). 

Hoover and Horgan (1990) suggested that there were 

significant differences in the short term memory (STM) 

between individuals with and without mild mental 

retardation. It was indicated that STM deficiency 

identified in individuals with mild mental retardation seems 

to be primarily a process control problem of performance. 

In the long-term memory, however, only minimal differences 

between individuals with and without mild mental retardation 



have been observed (Hoover & Horgan, 1990). Based on the 

results, it was suggested that STM is the locus of memory 

problems in individual with mild mental retardation. 
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Along with deficit in STM, individuals with mental 

retardation exhibit a deficit in the ability to organize 

input information for subsequent retrieval (Hoover & Horgan, 

1990; Reid, 1987). Relating this to schema theory and 

acquisition of motor skills, individuals with PMR may have 

difficulty organizing initial conditions and generating 

appropriate response outcomes. Retrieval of poorly 

organized information related to the recall schema would 

result in generating inappropriate response specifications, 

resulting in poor motor skill performance and acquisition. 

The inability to organize and store information may be 

related to deficit in hippocampal regions of the brain, 

leading to memory impairment (Hooper, Boyd, Hynd, & Rubin, 

1993). Individuals with PMR may have difficulties accessing 

memory to retrieve information. The difficulty with 

organizing information may make them unable to recall the 

past parameters, past initial conditions, and past actual 

outcomes. In addition to difficulties recalling 

information, difficulties with focus of attention and 

sensory perception (Thase, Liss, Smeltzer, & Maloon, 1982) 

may result in difficulties matching information in long term 

memory with current information such as current initial 
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conditions. 

With these difficulties with control processes, 

deficits may be present during each of the stages of 

information processing. During stimulus identification, the 

system decides whether a stimulus has been presented and, if 

so, what it is. Thus, environmental information from a 

variety of sources, such as vision and kinesthesis, is 

analyzed. When measuring basic visual and kinesthetic 

sensory functioning, such as acuity and discrimination, 

children with mental retardation have deficits compared to 

children without disabilities (Ellis, 1986). Individuals 

with PMR may have even greater deficits in this stage, 

because attentional problems negatively influence the 

selection of correct or relevant cues (Silliman & French, 

1993; Thase, Liss, Smeltzer, & Maloon, 1982). 

In the response selection stage, the task of deciding 

what movement to make is based on the nature of the 

environment (Schmidt, 1988). Lally and Nettelbeck (1977) 

reported that a choice reaction time task, which involves 

discrimination among stimuli leading to different movement 

responses, was more difficult for children with mild mental 

retardation as the number of choices and responses 

increased. Individuals with PMR may have even greater 

difficulty during the response selection stage. 

Wade, Newell, and Wallace (1978) suggested that, 
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although simple reaction time of individuals with severe 

mental retardation (SMR) was significantly slower than that 

of individuals without disabilities, movement precision and 

amplitude had no differential effect on either group_for 

simple RT. This result indicated that, in the simple RT 

situation, individuals with severe mental retardation can 

learn to anticipate and, consequently, preprogram their 

response to some extent. In choice RT paradigm, however, 

increased movement index of difficulty elevated the RT of 

individuals with SMR significantly more than that of 

individuals without disabilities. Wade et al. (1978) 

concluded that RT differences between individuals with and 

without severe mental retardation can be attributed to 

response parameters. This suggested that individuals with 

PMR have greater difficulties developing and using a motor 

program. 

Neuromuscular Mechanisms. The delayed RT in 

individuals with MR (Wade et al., 1978) may be related to a 

delay between signal from cortical areas and the initiation 

of limb movement. The delay may result from (a) abnormality 

in pyramidal motor neurons (Huttenlocher, 1974), (b) 

abnormality in axonal, dendritic, and synaptic processes 

(Huttenlocher, 1975), (c) lower muscle tone and correlated 

lower voluntary muscle contraction force (Morris, Vaughan, & 

Vaccro, 1982; Rarick, Dobbins, & Broadhead, 1976), and (d) 
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inverted order of joint involvement during multijoint 

movement (Huttenlocher, 1975). Based on these results, it 

can be assumed that individuals with mental retardation have 

general deficits within the motor control system (e.g., both 

structure and process). 

Effects of Feedback and Knowledge of Result (KR). 

Individuals with mental retardation may be deficient in the 

ability to effectively use sensory feedback and KR. In 

order for a recognition schema to develop, Schmidt (1975) 

stated that the participant must store two pieces of 

information from each movement. These are the response 

outcome and sensory consequences. After experiencing a 

variety of movements, the participant can begin to abstract 

the relationship between outcome and sensory consequences. 

This abstraction is represented in the recognition schema. 

The strength of the recognition schema is a direct function 

of the amount of practice with KR and variability of 

practice. By developing a strong recognition schema the 

participant can better estimate the expected sensory 

consequences upon transfer to a novel task. It should be 

noted, however, that recognition and recall schemata share 

initial conditions and past actual outcomes. 

To construct a recognition schema, a relationship 

between past initial conditions, past sensory consequences, 

and past actual outcomes must be established. However, the 



38 

decreased memory ability of individuals with PMR is thought 

to preclude the formation of a recognition schema. 

Difficulties in utilizing proprioceptive feedback may also 

affect the inability to develop the recognition schema, 

because of the inability to use sensory consequences. It 

can be stated that individuals with PMR are unable to use 

feedback effectively to improve future decision about 

movement and to improve the actual execution of planned 

movements, because they do not have good information 

processing skills. 

Summary 

Behavioral researchers (e.g., Silliman & French, 1993) 

suggested that, with an increased number of practice trials 

and appropriate reinforcement, individuals with PMR can 

perform a variety of motor tasks independently and maintain 

their performance over time with minimum assistance, 

possibly resulting from increased capacity of the long-term 

memory store of the learned motor skills. However, 

behavioral research has been used only to examine the 

program effectiveness and such studies reveal little about 

how learning occurs. 

In order to reveal how learning occurs, motor learning 

theory perspective has initially attempted to chronicle the 

various stages of information processing between a stimulus 

input and a response outcome. Researchers have indicated 



39 

that the interpretation of the apparent motor deficits in 

individuals with mental retardation may range from basic 

abnormalities in motor control mechanisms to the deficits in 

cognition. Therefore, it is concluded that the processes 

related to all aspects constructing schemata may be involved 

in motor dysfunctions of individuals with mental 

retardation. The differences between individuals with and 

without mental retardation may result from the fact that 

individuals without disabilities are using similar but more 

refined mental processes or different processes altogether. 

Memory Representation of Concepts 

The focus of research on concept formation has been on 

the nature and content of memory representations of 

cognitive categorical concepts. Although a large number of 

models have been suggested, ~tis possible to identify two 

general groupings of models, (a) prototype models and (b) 

exemplar models. These models are the _most strongly 

supported, offer the most polarized views, and seem to 

translate best to motor behavior (Chamberlin & Magill, 

1992a). Therefore, in this section of the chapter, the 

review of the two models of concept memory representation 

and applied research involving individuals with mental 

retardation is addressed. Specifically, the review of 

literature in this section of the chapter covers the 

following areas: (a) Prototype Representation, (b) Evidence 
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that Individuals with Mental Retardation Use Prototypes, (c) 

Exemplar Representation, (d) Evidence that Individuals with 

Mental Retardation Use Exemplars, and (e) Summary. 

Prototype Representation 

The earliest proposed model for memory representation 

of concepts is the prototype model (Posner & Keele, 1970). 

A prototype represents a concept by its central tendency. A 

prototype is abstracted from our experiences with a number 

of exemplars from a specific category. The notion of 

central tendency is similar to that used in statistics; it 

is normally considered to be the arithmetic mean of the 

exemplars, although the mode and best exemplar have also 

been used to define the rule (Farah & Kosslyn, 1982). 

Specific exemplars are held in memory only long enough for 

the abstraction of the information relevant to the formation 

of the rule. The prototype is formed during acquisition, 

regardless of whether it is experienced or not. The 

specific exemplars experienced during acquisition are not 

retained but used for their relevant information and then 

forgotten. Categorization requires comparison of novel 

exemplars to a single prototype. 

In experiments designed to show prototype-based 

learning, participants learn to correctly classify exemplars 

into categories (e.g., Posner & Keele, 1968, 1970). 

Following experience of a number of category examples, the 
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learner abstracts the features which occur most frequently 

in the category and which are therefore the best predictors 

of category membership. The resulting summary 

representation may take the form of either a feature list or 

a prototype (Krascum & Andrews, 1994; Nosofsky, Clark, Shin, 

1989; Smith & Medin, 1981). 

The concept of prototype-based memory representation 

was investigated experimentally by Posner and Keele (1968). 

The stimuli consisted of sets of random dot patterns, one of 

which was the prototype of a set and the rest of which were 

computer generated distortions of the prototype. Adult 

participants without disabilities learned the concepts (the 

pattern sets) by viewing several of the distortions of 

nonsense dot patterns. The participants were then tested 

for recognition of the distortions which had been learned, 

of new distortions of the same set of prototypes, and of the 

prototypes themselves. It was reported that recognition 

performance was as good on the prototype they had never seen 

before as on the distortions that they had learned. 

Recognition for both these sets of patterns was 

significantly better than for the new distorted patterns. 

The results of this experiment suggested effectively 

that, during the process of classification learning, 

participants constructed prototypes. Posner and Keele 

(1970) reported that participants who were administered a 
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1-week interval retention test demonstrated poor memory for 

individual patterns, but remembered the prototypes. These 

results indicated that learning the concepts involved 

forming and storing the prototypes and the abstraction 

process occurred during acquisition, not retention. 

According to this view, the similarity of a novel instance 

to the category prototype is the basis for judgment about 

the object's category membership. 

Using more realistic stimulus materials, Reed (1972) 

performed a test of the spatial average conception of 

prototype. Reed trained participants without disabilities 

to categorize Brunswick faces (schematic faces that vary 

along four dimensions: eye height, eye separation, mouth 

height, and nose length). The research design was similar 

to that of Posner and Keele (1968). Participants studied 10 

instances (faces) which were five exemplars formed from each 

of two prototypes to be learned and participants were asked 

to place further instances i~ their proper prototypes. Four 

models were tested: (a) a spatial average prototype model, 

(b) a cue set model, (c) an exemplar-based model in which 

instances were classified according to the category of the 

most similar stored exemplar (the proximity model), and (d) 

an exemplar-based model in which instances were classified 

according to the category of the stored exemplars, which 

were, on average, most similar to the instance (the average 
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distance model). 

In addition, a weighted prototype model and a weighted 

average distance model were tested, in which distances along 

the different stimulus dimensions were differentially 

weighted to reflect how well participants could predict 

category membership. Reed demonstrated that the weighted 

prototype among the competing models gave the best account 

of the data. Based on these results, it was concluded that 

the predominant strategy was to form an abstract image or 

prototype to represent each category and to classify test 

patterns on the basis of their similarity to the two 

prototypes. Several other researchers (Hintzman, 1986; 

Rosch, Simpson, & Miller, 1976) also used this methodology 

and reported similar results (see Chamberlin, 1988, for 

review). 

Up to this point, all the studies reviewed have dealt 

with the presentation of stimulus items in a visual 

modality. The investigators of these studies indicated that 

an abstraction process to construct a prototype or rule 

seems to occur. However, an interesting question would be 

whether this effect is modality specific or can similar 

results be obtained with kinesthetically perceived stimuli. 

Solso and Raynis (1979) and Lee (1985) tried to address this 

particular question, even though the direct purposes of 

these studies were not related to the memory representation. 
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Lee (1985) investigated the influence of blocked, 

random, and serial acquisition schedules on the learning of 

kinesthetically presented geometric patterns. During the 

acquisition phase, eight geometric figures formed from a 

standard prototype were presented to blindfolded 

participants by means of slow graded movements. Retention 

and transfer test trials involved the presentation of a 

pattern followed immediately by a guess from the participant 

as to whether the pattern had been presented earlier (old) 

or had not been presented (new). The results provided 

strong support for retention and prototype formation of 

kinesthetically presented geometric patterns. However, Lee 

used the passive recognition of movement patterns for 

retention and transfer judgments, resulting in an 

experimental task that was m~stly cognitive in nature 

(Chamberlin & Magill, 1992b). The use of the active 

production of movement as the experimental task should be 

investigated to provide empirical evidence to support the 

prototype-based memory representation of motor skills. 

Evidence that Individuals with MR Use Prototypes 

In the prototype model, concept acquisition requires 

that similarity be detected among the different exemplars of 

a concept so that the prototype, which is the actual or 

generated most typical exemplar with the greater similarity 

to other exemplars, can be selected and formed. Some 



evidence that individuals with mental retardation use the 

prototype-based concept representation has been identified 

(Hayes & Taplin, 1993a). 
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The developmental perspective may have some 

implications for studying concept acquisition of individuals 

with mental retardation. Lasky (1974) investigated the 

ability of 6-year-olds, 8 year-olds, and adults without 

mental retardation to abstract prototypes from sets of 

geometric patterns. The concepts consisted of a prototype 

pattern (four different geometric shapes in four particular 

positions in a rectangular field) and exemplars generated 

from the prototype by the application of substitution, 

deletion, and permutation transformations. Lasky (1974) 

concluded that the 6-year-olds differed from the older 

children and adults only in ~he speed and efficiency with 

which they formed the modal prototype, not in how they 

formed it. These results were expanded to individuals with 

mental retardation. For exa~ple, Landau and Hagen (1974) 

reported that, although children with mental retardation 

performed worse on an object-sorting task than did 

chronological age (CA) matched control participants, their 

performance improved when verbal cues were provided to guide 

sorting. 

In addition, Sperber, Ragain, and McCauley (1976) 

demonstrated that the structure of semantic memory in 



individuals with mild mental retardation resembles that of 

individuals without mental retardation. Sperber et al. 

(1976) investigated conceptual category knowledge of 
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individuals with mild mental retardation as reflected by 

semantic priming effects. In the experiments, the 

participants were shown pairs of pictures, one picture at a 

time, and asked to name each picture as rapidly and 

accurately as possible. The pictures in each pair were of 

objects that were either categorically related or unrelated. 

The major finding was that second pictures in related pairs 

were named significantly faster than those in unrelated 

pairs. This reduction in naming-latency or priming effect 

was interpreted as indicating that information about 

categorical relationships is established in the memory 

structure of individuals with mental retardation. 

Hayes and Taplin (1993b) investigated the relative 

contribution of prototypical and exemplar-specific 

information to performance of individuals with mild mental 

retardation on the recognition test. Nine and 14-year-old 

children with mild mental retardation and children without 

mental retardation matched for mental and chronological age 

were first shown a novel category that involved five visual 

figures. Participants were then given a recognition test 

with a set containing the previously presented figures, 

novel category members, and the category prototype. It was 



reported that the children without mental retardation 

employed both forms of information in arriving at the 

recognition decision, whereas children with mental 

retardation tended to rely only on prototype information. 

Exemplar Representation 
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In the exemplar model, the learner stores mental 

representations of exemplars and then classifies new 

exemplars on the basis of their similarity to the remembered 

exemplars (Estes, 1986). According to this model, concepts 

are represented in the form of a unique memory of each 

exemplar (Brooks, 1978; Medin & Shaffer, 1978). Therefore, 

learning a concept requires very little cognitive 

sophistication, simply the ability to remember individual 

exemplars along with the concept that is exemplified (Farah 

& Kosslyn, 1982). Category exemplars are not decomposed 

into attributes (Estes, 1986; Medin & Schaffer, 1978). 

A set of experiments conducted by Medin and Schaffer 

(1978) demonstrated that the exemplar-based representation 

was used under the conditions employed in standard concept 

learning experiments. A series of six exemplars, three from 

each of two categories, were presented to each participant. 

After seeing each exemplar, the participants were asked to 

classify it. After responding, the participants were told 

the correct category. The six exemplars were presented in a 

different random order each time. This procedure continued 
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until the participants classified them all correctly twice 

in a row or until 20 repetitions of the exemplars had been 

provided. Then, the participants were asked to sort a set 

of transfer items into the two categories and to give 

confidence judgments of their classification. One week 

later, the participants performed the classification and 

recognition tasks. The concepts used by Medin and Schaffer 

(1978) were composed of two kinds of stimuli: (a) geometric 

shapes, which could have one of two forms, colors, sizes, 

and positions; and (b) schematic faces (Brunswick faces), 

the same stimuli used by Reed (1972). It was predicted that 

if an item is on average equally similar to the exemplars in 

two different categories, it would be confidently classified 

in the category with the most similar exemplars. It was 

concluded that the predictions of the exemplar model 

provided the best fit for the data. Other supportive 

evidence to the exemplar model can be identified as well 

(e.g., Estes, 1986; Medin, Dewey, & Murphy, 1983; Nosofsky & 

Clark, 1989; Nosofsky, Kruschke, & McKinley, 1992). 

Evidence that Individuals with MR Use Exemplars 

The prototype-based concept formation seemed to require 

too much systematic analysis during learning to be a 

plausible kind of concept representation in individuals with 

mental retardation. In contrast, the exemplar-based concept 

learning is relatively simple (Farah & Kosslyn, 1982). All 
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one needs to do is to encode individual exemplars. This 

learning process may be within the bounds of the competence 

of individuals with mental retardation (Blount, 1968; 

Stephens, 1964). Individuals with PMR have limited 

cognitive sources, are less capable of analyzing complex 

concepts than individuals without mental retardation, and 

have severely limited attentional resources and effective 

working memory space (Browder, 1991; Cipani, 1990; Danforth 

& Drabman, 1990). Moreover, individuals with PMR may lack 

the familiarity with many kinds of concepts and the 

metacognitive wherewithal to use that familiarity. 

Therefore, new concepts cannot be formed properly. 

For example, individuals with mental retardation have 

fewer conceptual categories (Stephens, 1964), fewer or 

weaker associations between category concepts and their 

referents (Blount, 1968), and fewer referents per category 

than do individuals without mental retardation (Sperber, 

Ragain, & McCauley, 1976). Indeed, Kendler and Kendler 

(1962) demonstrated that participants with mild mental 

retardation had difficulty in learning discrimination tasks 

after the relevant dimension for discrimination was shifted. 

These results suggest that individuals with mental 

retardation are deficient in their ability to form abstract 

internal repres~ntations of the relevant dimensions of the 

stimulus classes. 
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Summary 

Individuals with mental retardation have fewer 

conceptual categories, fewer or weaker associations between 

category concepts and their referents, and fewer referents 

per category than do individuals without mental retardation 

(Blount, 1968; Sperber, Ragain, & McCauley, 1976; Stephens, 

1964). Nevertheless, some researchers have suggested that 

the structure of semantic memory in individuals with mental 

retardation resembles that of individuals without mental 

retardation. However, these researchers say nothing about 

the processes that underlie concept acquisition and 

formation in individuals with PMR. The nature and content 

of concept representations formed after experience with the 

members of exemplar categories has not been investigated. 

Moreover, many of these stud~es can be criticized for 

measuring conceptual competence with verbal responses which 

require extensive cognitive ability. It can be argued that 

tasks minimizing demands on verbal and cognitive abilities 

should be employed to investigate the processes and content 

of concept representation of individuals with PMR. 

Memory Representation of Motor Skills 

Schmidt's schema theory is actually an adaptation of 

the prototype model of concept acquisition to motor skill 

acquisition. Tbis section of the literature review covered 

the following areas: (a) Prototype Model (Schema Theory) and 
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Mental Retardation, (b) Exemplar Model and Mental 

Retardation, and (c) Summary. 

Prototype Model (Schema Theory) and Mental Retardation 

One common assumption regarding the form of memory 

representation for motor skills is that these skills are 

represented in an abstract, schematic form. This belief is 

formulated by the schema theory of discrete motor skill 

learning (Schmidt, 1975). In formulating the schema theory 

of motor skill learning, Schmidt adapted the prototype model 

from the category learning literature. 

With the introduction of schema theory, several 

research hypotheses were generated. Some representative 

examples include: (a) schema is strengthened as a direct 

result of increasing the amount and variability of practice; 

(b) recall and recognition schemata are separate memory 

states, although both share the elements of initial 

conditions, sensory consequence, and actual outcomes; and 

(c) in the absence of knowledge of results (KR), recall 

schema for rapid movements can be updated through subjective 

error correction reinforcement. That is, performers 

abstract the sensory information along with KR to form a 

rule or schema that relates the sensory consequences to the 

outcome of the movement. Of these, the most · widely tested 

research hypothesis has been the variability of practice 

hypothesis. Recall and recognition schemata are developed 



through variability of practice for movements within the 

same movement class and once the schemata are formed, the 

individual is capable of producing novel movements within 

the same movement class. 

Support for the schema theory, based on tests of the 

variability of practice hypothesis, has been extremely 

inconsistent (Shapiro & Schmidt, 1982; Van Rossum, 1990). 

For example, Van Rossum (1990), based on extensive 

literature review of 73 different studies conducted over 

last 12 years, concluded that the variability of practice 

hypothesis cannot rest on consistent supportive evidence, 

neither with child or with adult participants. 
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The variability of practice hypothesis has been tested 

with individuals with mental retardation (e.g., Dummer, 

1978; Eidson & Stadulis, 1991; Porretta, 1982). Dummer 

(1978) directly applied the variability of practice 

hypothesis to individuals with moderate mental retardation. 

Dummer replicated the procedures used in the Kelso and 

Norman (1978) study in order to determine the nature of 

motor schema development in children with moderate mental 

retardation. Dummer used indirect comparisons of schema 

development between children without mental retardation in 

the Kelso and Norman (1978) study and children with moderate 

MR in her own study. Seventy-two children with moderate MR 

performed a force production task in which participants had 
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to push a toy car along a linear trackway over a specified 

distance. Participants were randomly assigned to one of six 

experimental conditions: a variable practice group which 

practiced the task to four different target locations at 

distances of 30 cm, 55 cm, 95 cm, and 120 cm from the 

starting point; one of four constant practice groups, each 

of which practiced the task to only one of four target 

location; and a control group which did not receive practice 

trials. During transfer trials, all children performed the 

task to two novel target locations, 75 cm and 140 cm from 

the starting position. Based on the results, the variable 

practice group did not perform significantly better than 

other experimental groups on the transfer tasks. Moreover, 

both variable and constant groups did not perform 

significantly better on the transfer tasks than the control 

groups. These results suggested that children with moderate 

mental retardation were not able to form a recall schema. 

Porretta (1982) used a ball kicking task which was 

similar to a force production task to test the schema theory 

with 24 10-year-old children with mild mental retardation. 

In addition, two groups of children without mental 

retardation were involved, matched on chronological (10 

years) or mental (6.5 years) age. All participants were 

randomly assigned to either a variable practice, constant 

practice, or control condition. The seated participants had 
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to kick a small soccer-ball to a vertical target on top of 

an incline, using the nonpreferred leg. The level of 

inclination could be varied. 

Following 60 practice trials in which participants 

kicked over four different terrains (gradual slope left, 

gradual slope right, moderate slope left, moderate slope 

right), all participants were transferred to a novel 

situation within the same movement class. Based on initial 

transfer results, Porretta (1982) suggested that all 

participants in the variable practice condition, regardless 

of group, performed with significantly less absolute error 

than did participants in the constant practice and control 

condition, thus indicating support for schema formation. 

However, the significant interaction of groups and 

blocks on AE indicated that the variable practice group 

performed better than both the constant and control group on 

the first block of five trials, while on the second block 

both the variable and constant practice groups outperformed 

the control group. This result provided limited support to 

the variability of practice hypothesis. 

Recently, Eidson and Stadulis (1991) investigated the 

effects of variable practice on performance of both a closed 

and an open motor skill. Twenty-four individuals with 

moderate mental_ retardation (MCA= 19.0 yrs; M MA= 6.4 

yrs) and 24 individuals without mental retardation (MCA= 

(1 
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10.9 yrs) were randomly assigned to either variable or 

constant practice on a linear slide apparatus in which they 

were asked to match a specific movement time over a set of 

distances. 

For the closed skill, each participant moved the slide 

from the first through the second microswitch at a specified 

movement time (300 ms). The constant practice groups 

exhibited more absolute error than the variable practice 

groups during performance of a transfer task, supporting 

variability of practice hypothesis proposed by schema 

theory. No performance differences existed between the two 

groups for the closed skill. For the open skill, each 

participant moved the linear slide handle from the first to 

the second microswitch, contacting the second microswitch 

coincident with the illumination of the last light on the 

Bassin anticipation time runway. 

type of practice was obtained. 

No significant effect of 

For the open skill, 

individuals with moderate mental retardation had 

significantly greater absolute error and variable error than 

participants without mental retardation. These results 

suggested that Schmidt's variability of practice hypothesis 

was supported, but only for closed skills. 

This research provides only limited support for schema 

theory, based on tests of the variability of practice 

hypothesis with individuals with mental retardation. In two 
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studies (e.g., Eidson & Stadulis, 1991; Porretta, 1982), 

part of the results can be interpreted as supportive of the 

schema theory and in one contradictory evidence was obtained 

(e.g., Dummer, 1978). In addition, no articles have 

appeared in the research literature dealing with individuals 

with PMR. 

Exemplar Model and Mental Retardation 

Research that has applied the exemplar model to motor 

learning is scarce. Recently, Chamberlin and Magill (1992b) 

investigated this question for motor skills. Chamberlin and 

Magill (1992b) contrasted predictions from a schema 

abstraction model, the basis for the schema theory, to those 

of the exemplar model of motor skill memory representation. 

Twelve college students performed 300 trials per day of 

three variations of a three-segment timing task for 4 days 

of acquisition in two experiments. The three-segment timing 

task involved pushing button switches that defined the end 

points of each segment for different exemplars. These 

exemplars were formed by varying the total distance the 

participants were required to move. The participants began 

at a common start switch for all movements. For the first 

segment, the participants traveled in an forward direction 

at a 45° angle to the right of the start switch and contact 

a second switch. From this point, for the second segment, 
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the participants traveled to the left at a 45° angle to 

contact a third switch. Finally, for the third segment, the 

participants traveled forward at a 90° angle from this point 

to the final, fourth switch. The participants' goal in the 

task was to complete the movement in an overall duration of 

1,200 millisecond (ms) regardless the total distance of the 

movements. 

The participants then either immediately transferred to 

four novel variations of the same task (Experiment 1) that 

varied in degree of similarity to the exemplars experienced 

during acquisition; or performed two novel and two 

previously produced exemplars, following 24-hr and 1-week 

retention intervals (Experiment 2). The results indicated 

that performance on the novel task transfer was not affected 

by the degree of similarity between the acquisition and 

transfer exemplars, and that there was no advantage for a 

previously produced exemplar over a novel exemplar after 

either a 24-hr or 1-week retention interval. In addition, a 

consistent pattern of bias in responding was noted for novel 

task transfer and retention. These results are indicative 

of a prototype-based model of motor skill memory 

representations. 

Although the exemplar model for memory representations 

of motor skills was not supported, this alternative model 
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may have implications for research on motor learning in 

individuals with PMR. This model may not only explain the 

processes and parameters involved in motor performance of 

individuals with PMR, but also why differences in motor 

performance occur between individuals with and without PMR. 

It may also provide a framework for study and research in 

motor skill learning of individuals with mental retardation, 

because individuals with mental retardation experience 

perceptual limitations that may prevent them from creating 

abstractions (Blount, 1968; Sperber et al., 1976; Stephens, 

1964). 

Summary 

Based on tests of the variability of practice 

hypothesis, support for the schema theory has been extremely 

inconsistent for individuals with and without mental 

retardation. Only limited support was obtained for schema 

theory with individuals with mental retardation. Therefore, 

alternative models of memory representation of motor skills 

need to be constructed and examined. Given the literature 

identified in this chapter, the role that specific exemplar 

information plays in the memory representation of motor 

skills in individuals with PMR should be considered. 

However, no research could be located in the literature 

dealing with individuals with PMR and their memory 

representation for motor skills. 
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Summary of Review of Literature 

Two broad perspectives in the research in PMR have been 

identified: (a) a behavioral perspective and (b) a motor 

learning theory perspective. The behavioral perspective has 

focused on training program effectiveness (e.g., Silliman & 

French, 1993). Research from the motor learning theory 

perspective attempted to describe the way individuals with 

PMR perform and learn motor skills, mainly using the 

information processing paradigm. 

Researchers in motor learning have indicated that 

individuals with PMR have the apparent motor deficits. 

However, researchers in behavioral perspective suggested 

that individuals with PMR can learn to perform a variety of 

motor tasks independently and maintain their performance 

over time with minimum assistance, possibly resulting from 

increased capacity of the long-term memory store of the 

learned motor skills. 

Given that well-learned motor skills are centrally 

represented in memory, it is important to determine the 

nature and content of the underlying memory representation 

of motor skills. Two theoretical models on the nature and 

content of the memory representation in cognitive category 

learning have been developed: (a) prototype models and (b) 

exemplar models. 

Based on the review of literature concerning memory 



representation of categorical concepts, individuals with 

mental retardation have fewer conceptual categories, fewer 

or weaker associations between category concepts and their 

referents, and fewer referents per category than do 

individuals without mental retardation (Blount, 1968; 

Sperber, Ragain, & McCauley, 1976; Stephens, 1964). 
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Although some researchers suggest that the structure of 

semantic memory in individuals with mental retardation 

resembles that of individuals without mental retardation, 

these studies say nothing about the processes that underlie 

concept acquisition and formation in individuals with PMR. 

The nature and content of concept representation formed 

after experience with the members of exemplar categories has 

not been investigated. Moreover, many of these studies can 

be criticized for measuring conceptual competence with 

verbal responses that require extensive cognitive ability. 

It can be argued that tasks minimizing demands on verbal and 

cognitive abilities should be employed to investigate the 

processes and contents of concept representation of 

individuals with PMR. 

The categorization of concepts can be applied to motor 

skill learning domain to provide a better understanding of 

memory representation of motor skills. For example, 

whenever we intentionally perform any kind of movement, we 

are using categories (Kellogg, 1995). The particular 
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movement can be performed as a representative of a category. 

Although a certain movement is never done in exactly the 

same way, we know how to make movements of that kind. This 

prototype view of memory representation of motor skills is 

embodied in schema theory of discrete motor skill learning 

(Schmidt, 1975). However, support for the schema theory has 

been extremely inconsistent for individuals with and without 

mental retardation. Only limited support was obtained for 

schema theory with individuals with mental retardation. 

Therefore, alternative models of memory representation of 

motor skills need to be constructed and examined. Given the 

literature identified in this chapter, the role that 

specific exemplar information plays in the memory 

representation of motor skills in individuals with PMR 

should be considered. However, no research could be located 

in the research literature dealing with individuals with PMR 

and their memory representation for motor skills. 



CHAPTER III 

METHOD 

The purpose of the study was to test the predictions of 

a prototype model and an exemplar model related to the 

acquired memory representation of a beanbag throwing skill 

by individuals with profound mental retardation (PMR). This 

study consisted of two different experiments, because the 

exemplars used during the acquisition, retention, and 

transfer phases overlapped, resulting in confounding effects 

of the exemplars if only one experiment was performed. 

The two experiments involved comparing performance 

between acquisition and transfer phases and comparing 

performance between acquisition and retention phases, 

respectively. The experimental logic used in this study was 

adapted from methodology developed by Chamberlin and Magill 

(1992b). The procedures used for Experiment 1 and 2 are 

presented under the following headings: (a) Participants, 

(b) Experimental Task, (c) Apparatus, (d) Procedures, and 

(e) Research Design and Analysis. The research design and 

analysis for memory representation and social validity are 

presented under a separate heading. 

Experiment 1 

The purpose of Experiment 1 was to examine the 
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predictions of the prototype model and exemplar model with 

regard to the novel task transfer performance of a motor 

skill in individuals with PMR. To investigate these 

predictions, participants practiced three acquisition 

exemplars from the same class of movements and then 

performed four novel responses that varied in similarity of 

environmental constraints compared to the exemplars 

experienced during acquisition. 

Method 

Participants 

Participants were 6 ambulatory male adults with PMR who 

were randomly selected from a population residing at a 

residential center in Denton, Texas. None of the 

participants were identified as having Down syndrome. Their 

ages ranged from 28 to 60 years (CA: M = 44.75, SD= 12.17 

yrs). IQ scores of the participants ranged from 17 to 23 (M 

= 18.25, SD= 2.26). All participants met the following 

criteria: (a) had an IQ score less than 25; (b) resided at a 

residential setting that requires close supervision and 

provided training in communication, self-care, home living, 

social skills, community use, self-direction, health and 

safety, functional academics, leisure, and work; (c) were 

ambulatory; (d) had no known orthopedic or sensory problems; 

and (e) had ability to interact without withdrawal, 

violence, and/or self-aggressive behavior. Participants 
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were classified by the Standard-Binet Intelligence Test 

(Terman & Merrill, 1973) or Slosson Intelligence Test 

(Slosson, 1981) as PMR (ranges in IQs from 11 to 25). It 

was assumed that there were no age-related differences in 

motor performance and learning in individuals with PMR, 

because participants were not different in expressive 

communication skills and adaptive behaviors. Participants, 

parents, or guardians signed an informed consent document 

consistent with Texas Woman's University's policies on the 

use of human subjects in research (see Appendices A and B). 

Experimental Task 

The task required participants to throw beanbags from a 

standing position to targets using a underhand action with 

the preferred arm (see Preexperiment Phase). The task 

involved throwing a beanbag selected distances. 

Consequently, participants learned the relationship between 

distance and muscle activation. Each of the distances was 

considered a separate exemplar. This task was selected 

because: (a) movement parameters such as force and duration 

are considered outputs of the memory representation; (b) 

once learned, this basic skill ~an be used in a variety of 

activities. The beanbags, each measuring 10 cm X 11 cm in 

width and 198.48 gin weight, were used as the objects to be 

thrown, because they were easy to grasp and the landing 

bounce was minimal. 
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During the acquisition phase, participants threw the 

beanbags from a throwing area three exemplar distances which 

were located in an forward direction. The three exemplars 

that were practiced was: (a) a short distance (130 cm), (b) 

a medium distance (260 cm), and (c) a long distance (520 

cm). The exemplar distances were measured from the midpoint 

of the throwing line to the midpoint of the target line. 

The exemplar distances were selected to maintain a constant 

ratio of throwing distances (1:2:4) so that transfer 

exemplars could be inserted among them, resulting in 

proportional relationship between far and near novel 

exemplars (see Appendix C). 

Following the acquisition phase, participants performed 

four novel transfer exemplar distances. Two far and less 

similar exemplar distances (162.5 and 390 cm) were located 

at the midpoints between the short and medium exemplar 

distances and between the medium and long exemplar 

distances. Two near and more similar exemplar distances 

(195 and 455 cm) were located at the midpoint between far 

exemplar distances (162.5 and 390 cm) and short and long 

exemplar distances (130 and 520 cm), respectively. Thus, 

two novel transfer exemplar distances were placed between 

the short and medium exemplar distances and additional two 

transfer exemplar distances were placed between medium and 

long exemplar distances, one relatively close to the nearest 
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acquisition exemplar distance compared to the other. It was 

assumed that all exemplars belonged to the same class of 

movements. 

Apparatus 

The task was performed in a quiet exercise room at the 

residential center. The apparatus consisted of a board 122 

wide cm X 735 cm long. A series of drywall screws (5.02 cm 

in length) were driven halfway into the board, 10 cm apart 

in columns and rows. The screws ensured that the beanbags 

stopped where they initially landed. The throwing area, 

where participants began throwing the beanbags, was outlined 

with a plastic pole to create a well defined and consistent 

area for throwing and to prevent participants from crossing 

the line. 

A± 5% bandwidth was used as the target area for each 

exemplar. The ratio of target distance to target size was 

equal for each exemplar distance. The target areas were 

displayed in different color paper board placed on the 

wooden board. Each color corresponded to a particular 

exemplar. A yellow-colored board indicated the 130 cm 

exemplar target, a blue-colored board indicated the 260 cm 

exemplar target, and a red-colored board indicated the 520 

cm exemplar target. For the transfer performance, four 

different color boards (white, orange, green, and gray) were 

used as the target areas for each of the four transfer 
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exemplars. These color codes were randomly assigned to each 

exemplar. Consequently, each exemplar was distinguished by 

distance the beanbag had to reach and a distinctive target 

color. 

Procedures 

Experiment 1 consisted of five phases. These phases 

were: (a) preexperiment phase, (b) task familiarization 

phase, (c) acquisition phase, (d) transfer phase, (e) memory 

representation phase, and (f) social validation phase. 

Preexperiment Phase. Prior to the experiment, each of 

the six participants was tested with Bruininks-Oseretsky 

Test of Motor Proficiency ball throwing task (Bruininks, 

1978) to determine hand preference. Participants threw a 

tennis ball overhand to the experimenter from about 3 m 

distance. The hand that participants used to throw the ball 

two or more times out of three trials was considered the 

preferred hand. 

Using their preferred hand, participants were tested to 

determine their ability to throw the beanbags underhand to 8 

m or further. Participants, who could not throw the 

beanbags over 8 m, were trained· with the method described in 

the task familiarization phase. 

The indirect questioning procedure was used to 

determine the type of verbal reinforcers for each 

participant, because reinforcers are idiosyncratic for each 
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individual (Silliman & French, 1993). The researcher 

accomplished this by interviewing the teachers of each 

participant to determine what type of verbal reinforcer was 

particularly effective in the classroom setting. The 

following verbal reinforcers were used for this study: (a) 

"Great, [the participant's name], for throwing the beanbag 

on the target", (b) "Good, [the participant's name] , for 

throwing the beanbag on the target," and (c) "Cowboy, you 

did good for throwing the beanbag on the target." 

Task Familiarization. Prior to the acquisition phase, 

instruction was provided to familiarize participants with 

the apparatus and the task. The fundamentals of the task 

were practiced until participants understood the beanbag 

throwing task and reached the respective exemplar criteria. 

The form of instruction similar to that suggested by Dunn, 

Morehouse, and Fredricks (1986) was used. 

The instructional methodology was based on three 

components: (a) cue, (b) behavior, and (c) consequence. The 

first component was the cue. The cue was the sign, signal, 

command, or stimulus that called for the occurrence of the 

target behavior (Dunn et al., 1986). For example, the cue, 

"Jim, throw the beanbag on the target," was task specific 

and sensitive to the receptive language level of each 

participant. Consistent cues greatly reduced the absolute 

amount of information to be encoded by individuals with 
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mental retardation (Dunn et al., 1986). 

The second component was the behavior, or motor task 

analysis, which consisted of a series of phases. The 

beanbag throwing task used in this study was separated into 

five sequential developmental phases (see Appendix D). 

Practice began at the most difficult phase and progressed to 

the less difficult phase. As soon as three consecutive 

correct responses in a particular phase were demonstrated, a 

more difficult phase was experienced by participants. If 

three consecutive correct responses were elicited at the 

most difficult phase (Phase 5), acquisition trials were 

presented. 

The third component was the consequence. After they 

performed the task, participants were provided feedback 

concerning the performance of the skill. Following a 

correct motor response, reinforcers were given immediately 

to strengthen the probability that the motor response 

occurred again. Immediately after participants threw the 

beanbag on the target areas, verbal reinforcement that was 

specific to the task was given for accurate responses (e.g., 

"Great, [the participant's name], for throwing the beanbag 

on the target''). A+ 5 bandwidth for the shortest exemplar 

distance (130 cm) was+ 7.5 cm from the target. For the 

medium and longest exemplars, the same proportional 

bandwidth was established. 



An additional bandwidth (+ 20%) was used to provide 

instructional cue for each exemplar. If the movement 

outcome was more than+ 7.5 cm, but less than+ 30 cm from 

the target line (20% bandwidth) for the short exemplar 

distance (130 cm), an instructional cue (e.g., Not quite, 

[the participant's name], next time, throw the beanbag 

harder) was provided. 
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The instructional process used in this study began with 

the delivery of a verbal cue. When the cue was given and 

the task was performed correctly, participants were 

immediately reinforced. If the performance did not meet the 

respective criterion, a consequence were delivered 

immediately ("No, Jim"). At this point, the skill was 

modeled and the participant was recued ("Jim, throw the 

beanbag"). If the performance did not meet the criterion 

again, the participant was informed again that something was 

wrong ("No, Jim"). The participant was recued and 

physically assisted through the skill, and verbal 

reinforcement was given. This pattern of 

stimulus-response-reinforcement continued until the task 

could be performed. The learner was not allowed to progress 

to the next phase until the prerequisite skills were 

achieved. 

Acquisition Phase. During the acquisition phase, each 

participant practiced 3 days a week for 3 weeks for 
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approximately 15 to 20 min each day. The first eight 

acquisition days consisted of 1 block of 15 error-free 

trials for each of the three acquisition exemplars. On day 

9, 1 block of 5 error-free trials for each of the three 

acquisition exemplars were performed, resulting in a total 

of 9 acquisition blocks. Participants performed a total of 

375 error-free acquisition trials, 125 error-free trials for 

each exemplar distance. The 9 acquisition days were 

selected on a basis of the research by Choi et al. (1995a, 

1995b), in which individuals with PMR demonstrated that most 

of the performance improvement on a simple line drawing task 

occurred over the first 6 acquisition days. In addition to 

6 days of acquisition trials, 3 days of overlearning trials 

were provided. 

All trials were conducted during the same time of day 

for each participant. Participants were individually tested 

in the exercise room. During the acquisition phase, the 

experimenter stood on the left side adjacent to the target 

area to measure and record the movement outcomes, and the 

assistant stood on the left side of the throwing line to 

provide instructional cues and verbal reinforcement. Before 

participants began the acquisition trials, a demonstration 

of the throwing task was given to remind them of the task 

requirements. Before each of the trials, the following 

verbal commands were given: "[the participant's name], throw 
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the beanbag on the target." 

Three warm-up trials were presented each day. The 

intertrial interval was 15 s, during which the response was 

measured and recorded by the experimenter. Trials in which 

errors were committed were repeated immediately. Error 

trials referred to responses in which the beanbag did not 

land within the 20% bandwidth or on the 125 cm wide target 

board. In addition, trials performed using two hands, 

non-preferred hand, or overhand throwing were considered as 

error trials. 

Chamberlin and Magill (1992) suggested that one 

potential confounding effect was that each participant could 

experience a number of force production over each of the 

exemplar distances. In the present study, to decrease 

variability in performance throughout the experiment and to 

enhance the learning process, three experimental 

manipulations were performed. First, during the first 

acquisition day, the participants initially performed blocks 

of 10 error-free trials on each exemplar, followed by random 

presentation of trials in order to prevent a constant 

repetition of the same movements. The number of blocked 

trials were progressively decreased. On the last day of 

acquisition phase, the participants performed 45 error-free 

random trials (see Appendices E and F). Second, the 

participants were allowed to see the final location of the 
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beanbag, allowing knowledge of results (KR). Third, the 

instructional cue at the 20% bandwidth or verbal 

reinforcement at 5% bandwidth was provided after each trial. 

Transfer Phase. Five minutes following completion of 

the acquisition phase, transfer data were collected on Day 

9. The transfer phase was separated from the acquisition 

phase on Day 9 by a 5-min interval to eliminate the effect 

of temporary performance variables. During the transfer 

phase, participants performed 15 error-free trials of each 

of the four transfer exemplars, thus performing a total of 

60 error-free trials. The procedures for the transfer phase 

were identical to those in the acquisition phase. Transfer 

trials were presented in a random order and without verbal 

reinforcement. 

Memory Representation Phase. Memory representation 

data were collected on Day 10. During the memory 

representation phase, participants performed 5 trials of 

each of the three acquisition exemplars, thus performing a 

total of 15 trials. During this phase, the targets were 

presented for 3 s after the participant was ready to throw 

the beanbag. After the 3 s target exposure time, the 

targets were removed from view for 2 s, because a visual 

representation of the target persists for 2 s following 

visual occlusion (Elliott, 1992). Spending 2 s without 

viewing the target prior to throwing allows time for the 
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target information to deteriorate, resulting in dependency 

on any mental representation of target position. 

Consequently, participants performed the task based on their 

memory representation rather than visual perception of the 

target. 

Social Validation Phase. After participants completed 

the memory representation trials, social validation trials 

were performed to determine if participants were able to 

generalize the throwing skill to slightly different task. 

The horseshoe throwing task was used because: (a) the task 

uses the same movement properties as the beanbag throwing 

task; (b) the task is a widely played recreational activity; 

and (c) horseshoe throwing provides an opportunity for 

social interaction. Two polyvinyl chloride (PVC) 

horseshoes, each measuring 17 cm X 19 cm in width and 198.48 

gin weight, were used. 

The procedures for the social validity phase were 

identical to those in the acquisition phase. During the 

social validity phase, participants performed 5 trials of 

each acquisition exemplar, for a total of 15 trials. 

Research Design and Analysis 

The error scores were based on where the beanbag 

stopped. Each response was measured to the nearest 1 cm 

from the side of beanbag closest to the target area 

using measurement scales printed on the apparatus. Constant 
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error (CE) was measured, and absolute error (AE) and 

variable error (VE) were calculated from CE. The error 

scores were standardized as percentage of each exemplar 

distance, because raw error scores would have increased with 

throwing distances (Chamberlin & Magill, 1992b). All the 

data were converted into the percentage scores for the 

analysis. These scores were obtained by dividing the error 

score by its associated exemplar distance and then 

multiplying the results by 100. 

These three dependent measures were chosen because AE, 

a measure of overall accuracy, provides the overall amount 

of error committed during trials without regard to the 

direction of the errors (Schmidt, 1988). VE is a measure of 

response consistency in performing a movement task. VE was 

obtained by calculating the standard deviation of constant 

errors (CEs) for each block. CE provides an indication of 

bias in performance and was included to investigate the 

differential predictions for performance bias that can be 

drawn from each model of memory representation (Chamberlin & 

Magill, 1992b). 

The statistical analysis of the experimental data was 

performed using the BMDP Statistical Software Package 

(Dixon, Brown, Engelman, Hill, & Jennrich, 1990). Before 

examining the hypotheses in this experiment, BMDP 

statistical programs were used to determine if the 
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assumptions for the analysis of variance (ANOVA) with 

repeated measures were met. First, the possibility of 

outliers in the data was investigated using the BMDP-2D 

statistical program. Second, the BMDP-6D program was used 

to test the assumptions of linearity and homoscedasticity. 

Third, the BMDP-2V program was used to test the assumption 

of sphericity. The hypotheses for this experiment were 

tested using the BMDP-2V statistical program. The 

family-wise error rate was set at .05 for the individual 

tests of AE%, CE%, and VE%. Follow-up tests were performed 

to analyze simple main effects and interaction effects. 

Post hoc tests were performed using the Tukey WSD procedure, 

whenever appropriate, and alpha levels were adjusted 

accordingly. 

Acquisition Phase. To determine the performance 

improvement during the acquisition phase, a repeated 

measures design was used, forming 8 blocks of 15 error-free 

trial for each of the three exemplars for the first 8 

acquisition days and 1 block of 5 error-free trial for each 

of the three exemplar for the acquisition day 9. Three 

separate 3 x 9 (Exemplar x Block) repeated measures analyses 

of variance (RM ANOVAs) were used for AE%, VE%, and CE%, 

respectively. 

Transfer Phase. In the transfer phase, the three main 

goals of the data analysis were (a) to determine if there 
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were differences among the four novel exemplars, (b) to 

determine whether these differences lined up along a 

near-far dimension, and (c) to determine if transfer 

performance differed from performance at the end of the 

acquisition phase. To accomplish these goals, the 15 

error-free transfer trials for each exemplar were formed 

into a single block, resulting in four blocks of transfer 

performance (one for each exemplar). These four blocks were 

combined with the last 15-trial block of acquisition in a 

single analysis. Three separate one-way RM ANOVAs were used 

for AE%, VE%, and CE%, respectively. Preplanned single 

degree of freedom contrasts were used to compare the mean of 

the two transfer blocks for the near exemplars to the mean 

of the two transfer blocks for the far exemplars. The last 

15-trial block of acquisition was compared to the mean of 

the four transfer blocks to determine if transfer 

performance differed from performance at the end of the 

acquisition phase. 

Experiment 2 

The purpose of Experiment 2 was to contrast the 

predictions from the prototype model and exemplar model with 

regards to the retention performance of a motor skill in 

individuals with PMR. To investigate these predictions 

about the advantage or disadvantage of performing previously 

produced exemplars compared to novel exemplars after 48-hr 
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and 1-week retention intervals, participants practiced three 

acquisition exemplars from the same class of movements and 

then performed two old and two novel responses for each of 

the two retention tests that varied in similarity of. 

environmental constraints compared to the exemplars 

experienced during acquisition. 

Method 

Participants 

Participants were 6 ambulatory males with PMR who were 

randomly selected from a population residing at a 

residential center in Texas. Two of the 6 participants were 

identified as having Down syndrome. It was assumed that 

there were no differences in motor performance and learning 

in individuals with and without Down syndrome within 

individuals with PMR, because participants were not 

different in expressive communication skills and adaptive 

behaviors. Their age ranged from 34 to 47 years (CA: M = 

40.67, SD= 5.65 yrs). IQ scores of participants ranged 

between 11 and 16 (M = 14.00, SD= 2.12). While all 

participants met the criteria that were stated in Experiment 

1, none participated in that Experiment 1. 

Apparatus and Tasks 

The apparatus and tasks used in this experiment were 

used in Experiment 1. Similarly, three acquisition 

exemplars were practiced. The distances tested for the 
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48-hr retention test were the 260 and 520 cm that were 

practiced during acquisition and the 162.5 and 390 cm 

distances that were not practiced during acquisition. The 

distances tested for the 1-week retention test were the 130 

and 260 cm that were practiced during acquisition and the 

195 and 455 cm that were not practiced during acquisition. 

Thus, each of the retention tests had two new and two old 

distances and one near and one far exemplar. In order to 

differentiate the comparisons between the performance at the 

end of acquisition phase and the 48-hr retention 

performance, and between the performance at the end of 

acquisition phase and the 1-week retention performance, the 

different exemplars were used for the two retention tests. 

Procedures 

Procedures of the preexperiment, task familiarization, 

acquisition, memory representation, and the social 

validation phases used in Experiment 1 were used in 

Experiment 2. Day 10 was the 48-hr retention test, in which 

participants performed 60 error-free trials consisting of 15 

trials for each exemplar performed in random order. Day 11 

was the 1-week retention test.· As on Day lOr 60 error-free 

trials were performed: each of the four exemplars was 

presented 15 times in a random order. Day 12 was the memory 

representation phase and the social validation phase. 



Research Design and Analysis 

The dependent measures and statistical analyses were 

the same as those used in Experiment 1. 

Acquisition phase. The design and analyses of 

acquisition performance were the same as those used in 

Experiment 1. 
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Retention phase. The 60 error-free trials from each 

retention phase (15 trials for each exemplar) were used for 

analyses. The 15 error-free trials of each exemplar 

performed within a retention phase were formed into a single 

block, resulting in 8 blocks for retention (4 blocks per 

retention phase x two retention phases). Analyses were 

performed on the 8 blocks of retention and three blocks of 

the last 15-trial block for each of the three exemplars of 

acquisition. One-way RM ANOVAs were performed for AE%, VE%, 

and CE%, respectively. 

Preplanned single-degree-of-freedom contrasts were used 

to compare (a) performance on the last 15-trial block of the 

acquisition phase with the mean of the 4 blocks of 48-hr 

retention, (b) performance on the last 15-trial block of the 

acquisition phase with the mean of the 4 blocks of 1-week 

retention, ( C) the mean of the 2 blocks of old exemplars 

with the mean of the 2 blocks of new exemplars at the 48-hr 

retention test, and (d) the mean of the 2 blocks of old 

exemplars with the mean of the 2 blocks of new exemplars at 
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the 1-week retention test. 

Memory Representation and Social Validity 

The experimental procedures for memory representation 

and social validity phases were explained in the previous 

section. The data from the Experiment 1 and 2 were combined 

for analysis of memory representation and social validity in 

order to examine the experimental group differences in 

performance. 

Research Design and Analysis 

The purposes of this section of analysis was to 

determine whether participants could perform the beanbag 

throwing task solely based on their memory representation 

developed for the movement rather than visual perception of 

the target, and to determine whether participants could 

generalize the learned beanbag throwing skill to related 

task environments. 

Scores were converted to relative error scores and 

averaged across blocks of 5 trials, resulting in one 

acquisition block (Block 9), one memory representation 

block, and one social validity block for each of relative 

error scores. These data were analyzed using three separate 

2 X 3 X 3 [Experimental Group (Experimental Group 1 and 

Group 2) X Phase Block (Acquisition, Memory Representation, 

and Social Validity Phases) X Exemplar (Short, Medium, and 

Long)] ANOVAs with repeated measures on the last two 
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factors. A multivariate approach, which utilizes MANOVA 

significance tests, was used for repeated measures analysis, 

because the multivariate F statistic is reasonably robust to 

the violation of the sphericity assumption (Schutz & 

Gessaroli, 1987). Consequently, Hotelling's T2s were 

reported. The family-wise error rate was set at .05 and 

adjusted to .0167 for the individual tests of AE%, VE%, and 

CE% using the Bonferroni technique. Tukey's WSD procedures 

were used for all post hoc analyses whenever appropriate. 



CHAPTER IV 

PRESENTATION OF FINDINGS 

The findings of this study are presented under the 

following headings for each of the two experiments, 

respectively: (a) Descriptive Information for Participants, 

(b) Examination of Data and Statistical Assumptions, (c) 

Examination of Hypotheses, and (d) Summary of Decisions. In 

addition, the analyses of the memory representation and 

social validity phases are presented under a separate 

heading in which the results of both experiments are 

combined into a single analysis. 

Experiment 1 

Descriptive Information for Participants 

Participants in Experiment 1 were 6 male adults with 

PMR who were randomly selected from a population of 15 

adults with PMR at a residential center in Texas. None of 

the participants had Down syndrome. Participants displayed 

a wide range of communication, verbal, and motor skills. 

Their ages ranged from 28 to 60 years (CA: M = 44.75, SD= 

12.17 yrs). IQ scores of the participants ranged from 17 to 

23 (M = 18.25, SD= 2.26). The following descriptions of 

each of participants are based on information obtained from 

interviews with guardians, the living center records, and 

83 
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observation. Information about other disabling conditions 

and/or type of medication taken was included if it was 

related to the study. - All participants were ambulatory, and 

none had a disability that prevented them from performing 

the experimental task. Inspection of the individual data 

(AE% and VE%) revealed that there were no age-related 

difference in performance across the experimental conditions 

(see Appendices G & H). 

Participant 1 

Participant 1 was a 34-year-old man diagnosed as having 

PMR (IQ= 21) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). This participant had the 

following additional disabling conditions: (a) infantile 

paralysis, (b) congenital anomalies of skull and face bone, 

(c) scoliosis, and (d) cerebral dysfunction. During this 

study, this participant was taking thioridazine, which was 

used to reduce anxiety and agitation. Side effects of this 

medication include drowsiness and blurred vision. This 

participant could ambulate independently and throw the 

beanbag in a fairly coordinated pattern, even though he had 

cerebral dysfunction. He understood the different colors 

(e.g., yellow, blue, and red) used in this study. 

Participant 2 

Participant 2 was a 28-year-old man diagnosed as having 

PMR (IQ= 18) based on results obtained from the Slosson 
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Intelligence test (Slosson, 1981). This participant had 

disabling conditions such as seizure disorder and cerebral 

dysfunction. During this investigation, this participant 

was taking Dilantin which is used to prevent epileptic 

seizures. He was easily distracted. For example, when he 

was asked to throw the short exemplar distance, he threw the 

beanbag to the long exemplar distance. Because of his poor 

attention span, frequent tapping of the target area was 

needed to arrest his attention and cue him. Occasionally, 

he refused to follow the experimenter's requests. He was 

right-handed, but sometimes he threw the beanbag with his 

left hand. These trials were considered error trials. 

Participant 3 

Participant 3 was a 47-year-old man diagnosed as having 

PMR {IQ= 18) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). This participant also 

had cerebral dysfunction. He was not taking any medication 

during this investigation. This participant could ambulate 

independently and throw the beanbag in a fairly coordinated 

pattern. Occasionally, he made errors such as throwing the 

beanbag with overhand and aiming at a different target. 

Participant 4 

Participant 4 was a 28-year-old man diagnosed as having 

PMR {IQ= 17) based on results obtained from the Slosson 

Intelligence test {Slosson, 1981). This participant had 
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disabling conditions such as atypical psychosis and seizure 

disorder. During this investigation, he was taking Tegretol 

and Mellaril, which are used to prevent epileptic seizures 

and to reduce anxiety and agitation, respectively. This 

individual could ambulate independently and throw the 

beanbag in a coordinated pattern. 

Participant 5 

Participant 5 was a 60-year-old man diagnosed as PMR 

(IQ= 23) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). Occasionally, he threw 

the beanbag with two hands. Those trials were considered 

error trials. 

Participant 6 

Participant 6 was a 58-year-old man diagnosed as having 

PMR (IQ= 18) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). He was easily 

distracted. For example, when he was asked to throw the 

short exemplar distance, he threw the beanbag to the long 

exemplar distance. Because of his poor attention span, 

frequent tapping of the target area was needed to arrest his 

attention and cue him. 

Examination of Data and Statistical Assumptions 

The BMDP-2D statistical program was used to investigate 

the possibility of outliers that may have been present in 

the data and to determine if extreme skewness was present. 
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The numbers of standard deviations included in the range 

were adjusted (Gench & Hinson, 1993). For the acquisition 

data, data points for trial blocks were outliers if they 

were more than± 2.25 standard deviations from the mean, 

because the number of cases counted was 54. For the 

transfer data, data points for trial blocks were outliers if 

they were more than± 1.55 from the mean. The identified 

outlying cases were changed into the next most extreme 

scores in the distribution to reduce the influence of the 

outlying cases (Tabachnick & Fidell, 1989). The outlying 

trial block cases are located in Appendix I. The BMDP-6D 

statistical program was used to test the assumptions of 

linearity and homoscedasticity. After the outlying cases 

were ,changed, all the assumptions were met. 

Examination of the Hypotheses 

A single model of analysis was not possible, because of 

the complexity of the experimental design. Consequently, 

two smaller models were formed. One aimed at determining 

whether the participants' performance reached asymptote by 

the end of the acquisition phase, and the second aimed at 

analyzing transfer performance to examine the predictions of 

the prototype model and exemplar model with regard to the 

novel task transfer performance of a motor skill in 

individuals with PMR. 

Acquisition data were analyzed in three separate 3 X 9 
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(Acquisition Exemplar X Trial Blocks) repeated measures 

analyses of variance (RM ANOVAs). Fifteen trials for each 

acquisition exemplar constituted an acquisition trial block. 

Five trials for each exemplar constituted the acquisition 

block 9. The transfer data were analyzed in three separate 

one-way RM ANOVAs. All repeated measures analyses used an 

adjustment to protect against an inflated Type I error 

(Maxwell & Delaney, 1990). All analyses were conducted on 

three dependent variables separately: (a) relative absolute 

error, (b) relative variable error, and (c) relative 

constant error. The family-wise error rate was set at .05 

and adjusted to .0167 for the individual tests of AE%, VE%, 

and CE% using the Bonferroni technique. All follow-up 

analyses of significant RM ANOVA effects were performed 

using the Tukey's WSD procedure. 

Acquisition Performance 

A repeated measures design was used to analyze the data 

from the 375 trials in the acquisition phase. Trials were 

collapsed in 45-trial blocks (15 trials for each exemplar) 

for the first 8 days and a single block of the 15 trials (5 

trials for each exemplar) on Day 9. This resulted in 9 

blocks for this phase of the analysis. 

Relative Absolute Error. Performance during 

acquisition phase across blocks for AE% can be seen in 

Figure 1. In addition, the RM ANOVA summary table and the 



descriptive statistics for experimental conditions for AE% 

are located in Appendices J and Appendix K, respectively. 
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Figure 1. Relative absolute error for acquisition 
performance for the three exemplars (45-trial block for 
Block 1 to Block 8; 15-trial block for Block 9) for 
Experiment 1. 
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As expected, the participants showed a reduction in AE% 

over the course of the acquisition trials. This was 

confirmed by a significant main effect for trial block, E(8, 

40) = 7.08, 2 < .0001, indicating that there was overall 

improvement in performance. Post hoc comparisons of the 

trial block means using Tukey WSD procedure revealed that a 

significant reduction in AE% occurred after 4 blocks (45 
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trials for each block) of practice with slight improvement 

beyond this point. A lack of significant reduction in AE% 

after the block 5 indicates that the participants' 

performance had peaked. The mean comparisons from the Tukey 

WSD post hoc tests are illustrated in Appendix L. 

The analysis of AE% also indicated a significant main 

effect for exemplar, F(2, 10) = 17.72, Q = .0005. The Tukey 

WSD post hoc test revealed that the longest of the three 

acquisition exemplars was performed with more AE% error than 

the short or medium exemplars. However, there was no 

significant difference between the short and medium 

exemplars for AE%. The mean comparisons from the Tukey WSD 

post hoc test are illustrated in Appendix M. 

Relative Variable Error. VE, a measure of performance 

consistency, was obtained by calculating the standard 

deviation of constant error for each participant in the 

group (Schmidt, 1988). The VE% means for each trial block 

across exemplars are displayed in Figure 2. The RM ANOVA 

summary table and descriptive statistics for experimental 

conditions for VE% are located in Appendices N and 0, 

respectively. 

Analysis of VE% revealed a significant main effect for 

trial block, F(8, 40) = 5.44, Q = .0001. The pattern of the 

results of post hoc analysis for VE% were similar to those 

for AE%. The mean comparisons from the Tukey WSD post hoc 



91 

test indicated that there was a significant reduction in VE% 

between block 1 and block 5. After the block 5 no further 

significant differences were noted (see Appendix P). No 

improvement after the block 5 (Day 5) indicates that the 

participants' performance had reached optimal level of 

consistency. 
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Figure 2. Relative variable error for acquisition 
performance, collapsed across exemplar (45-trial block for 
Block 1 to Block 8; 15-trial block for Block 9) for 
Experiment 1. 

After the adjustment of the family-wise error rate 

using the Bonferroni technique, the exemplar main effect, 

F{2, 10) = 4.51, 2 = .0401, and the exemplar and trial block 
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interaction, E(l6, 8) = .49, Q = .9466, were not 

statistically significant . These results indicate that 

consistency of the participants' performance for each of the 

three acquisition exemplars was not significantly different. 

Relative Constant Error. Constant error provides an 

indication of bias in performance. The CE% means for each 

exemplar condition across trial blocks are displayed in 

Figure 3. The RM ANOVA summary table and descriptive 

statistics for experimental conditions for CE% are located 

in Appendices Q and R, respectively. 

Analysis of CE% revealed a significant Exemplar and 

Trial Block interaction, F(l6, 80) = 3.43, £ = .0001. 

Results of the simple effects tests for trial block within 

each exemplar indicated that participants' performance did 

not differ significantly on CE% for the trial blocks within 

the short, F(8, 40) = 2.15, £ = .1265, medium, F(8, 40) = 

1.11, £ = .3374, and long exemplars, F(8, 40) = 2.41, Q 

=.0980. Results of the simple effects test for the exemplar 

within each trial block indicated participants' performances 

in the short and medium exemplars were significantly 

different from the performance in the long exemplar for CE% 

across the trial blocks. As can be seen in Figure 3, the 

CE% values for the long exemplar were negative, indicating 

an underthrowing of the criterion value, whereas the CE% 

value for the short exemplar were positive, indicating that 



an overthrowing of the criterion value. The CE% values in 

the medium exemplar were inconsistent. These patterns 

continued across the trial blocks during the acquisition 

phase. 
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Figure 3. Relative constant error for acquisition 
performance (45-trial block for Block 1 to Block 8; 15-trial 
block for Block 9) for Experiment 1. 

Transfer Performance 

In the transfer phase, the three main goals of the data 

analysis were (a) to determine if there were differences 

among the four novel transfer exemplars, (b) to determine 

whether these differences would line up along a near-far 
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dimension, and (c) to determine if transfer performance 

differed from performance at the end of the acquisition 

phase. To accomplish these goals, the 15 error-free 

transfer trials for each exemplar were formed into a.single 

exemplar block, resulting in four exemplar blocks of 

transfer performance (one for each exemplar). In addition, 

the last 15 trials in the acquisition phase for each 

exemplar were formed into a single exemplar block, resulting 

in three exemplar blocks of acquisition performance (one for 

each exemplar). The four transfer blocks were combined with 

the three acquisition blocks in a single analysis. Three 

separate one-way RM ANOVAs were used for AE%, VE%, and CE%, 

respectively. 

Preplanned single-degree-of-freedom contrasts were used 

to compare (a) the mean of the two transfer blocks for the 

near exemplars to the mean of the two transfer blocks for 

the far exemplars and (b) the mean of the three acquisition 

exemplars and the mean of the four transfer blocks to 

determine if transfer performance differed from performance 

at the end of the acquisition phase. Performance during the 

last 15 trials of the acquisition phase and during the 

transfer tests can be seen in Table 1. 

Relative Absolute Error. Relative absolute error 

scores were analyzed using a one-way RM ANOVA. Results of 

the one-way ANOVA for AE% indicated a significant exemplar 



block main effect, E(6, 30) = 4.80, 2 = .0015. The Tukey 

WSD post hoc test revealed that there was significant 

difference between the short and long exemplars, but not 

between the medium and long exemplars in the last 15-trial 

block of the acquisition phase. In addition, there were 

significant differences in performance between the four 

novel transfer exemplars performed during the transfer 

phase. The mean comparisons from the Tukey WSD post hoc 

test are illustrated in Appendix S. 
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The result of the preplanned single-degree-of-freedom 

contrasts indicated that the significant AE% main effect for 

exemplar block was in part due to a difference in 

performance between the last 15-trial block of the 

acquisition phase (M = 4.95%, SD= 1.02%) and the transfer 

phase (M = 5.85%, SD= 1.19%), f(l, 5) = 18.40, 2 .0078. 

The elevated levels of AE% during transfer performance are a 

fairly typical finding from studies of novel task transfer. 

However, the difference in performance between the last 

15-trial block of the acquisition and transfer phases was 

less than 1%. 

The results of the preplanned single-degree-of-freedom 

contrast indicated that there was no significant difference 

between the near and far transfer exemplars for AE%, F(l, 5) 

= .97, £ = .3702. In fact, as can be derived from the data 

in Table 1, there was a difference of only .48% between the 
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mean AE%s for the two near and the two far exemplars. These 

results are clearly supportive of the prototype view of 

memory representation. The degree of similarity between the 

transfer exemplar and the acquisition exemplar, as measured 

by relative distance, was not an influencing factor for 

transfer performance. 

Relative Variable Error. Relative variable error 

scores were analyzed using a one-way RM ANOVA~ The pattern 

of results for VE% was very similar to that for AE%. The 

results of the one-way ANOVA for VE% indicated a significant 

exemplar block main effect, E(6, 30) = 6.51, £ = .0002. The 

Tukey WSD post hoc test revealed that there was no 

significant difference among the short, medium, and long 

exemplars during the last 15-trial block of the acquisition 

phase. In addition, there were no significant differences 

in performance between the four novel transfer exemplars. 

The mean comparisons from the Tukey WSD post hoc test are 

illustrated in Appendix T. 

The results of the preplanned single-degree-of-freedom 

contrasts indicated that there was a difference between the 

last 15-trial block of acquisition and the transfer 

performance for VE%. The elevated levels of VE% during 

transfer are a fairly typical finding from studies of novel 

task transfer. However, the difference was only 

1.05%. 
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Table 1 

Relative AE, VE, and CE Means and Standard Deviations (in%) 

for Each Exemplar at the End of Acquisition and During 

Transfer 

Acquisition Near Far 

130 520 162.5 455 195 390 

cm cm cm cm cm cm 

AE% 

M 4.05 4.96 5.85 4.87 7.51 5.16 

SD 1.58 1.86 .52 1.77 .89 2.71 

VE% 

M 5.33 6.24 6.33 5.36 9.11 6.53 

SD .59 1.41 .96 1.07 .69 2.68 

CE% 

M .58 -.03 -3.26 .08 -1.46 1.21 

SD .88 2.08 1.73 2.67 .93 1.52 

Note. N = 6. 15-trial block for each of the exemplar 

blocks. 

cm 

6.26 

1.27 

7.30 

1.21 

-.40 

3.82 

The results of the preplanned single-degree-of-freedom 

contrasts indicated that there was no significant difference 

in performance between the near and far transfer exemplars 
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in VE%, F(l, 5) = .39, £ = .5595. In fact, as can be 

derived from the data in Table 1, there was a difference of 

only .32% between the mean VE%s for the two near and the two 

far exemplar. The results of AE% and VE% are partially 

supportive of the prototype view of memory representation. 

The degree of similarity between the transfer exemplar and 

the acquisition exemplar was not an influencing factor for 

transfer performance. 

Relative Constant Error. Relative constant error 

scores were analyzed using a one-way RM ANOVA. Results of 

the one-way ANOVA for CE% indicated a significant exemplar 

block main effect, F(6, 30) = 3.34, ~ = .0123. The Tukey 

WSD post hoc test revealed that there were differences 

between the short and long exemplars and between the medium 

and long exemplars in the last 15-trial block of the 

acquisition phase. The mean comparisons from the Tukey WSD 

post hoc test are illustrated in Appendix U. 

The results of the preplanned single-degree-of-freedom 

contrast indicated that there was no difference between the 

near and far transfer exemplars in CE%, F(l, S) = 1.04, 2 = 

.2546. In addition, there was no difference in performance 

between the last 15-trial block of the acquisition and the 

transfer phase for CE%, F(l, S) = 2.30, £ = .1895. 

The prototype model predicted that, if errors in 

performance were noted, bias in these errors should be in a 
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constant direction, because the abstract rule used to 

produce the parameters may drift off the true values, 

resulting in a consistent undershooting or overshooting of 

the criterion performance. In this experiment, however, the 

prediction was not confirmed. During the last 15-trial 

block of the acquisition phase, the CE% values were negative 

for the long exemplar, positive for the short exemplar, and 

inconsistent for the medium exemplar. On the transfer test, 

these patterns continued. On the average, for example, the 

CE% values for the longer exemplars (e.g., 399 and 455 cm) 

were negative, whereas all values for the other exemplars 

were positive. In addition, inspection of the individual 

data revealed that 1 participant had a consistent bias in 

his performance on the transfer exemplars. The other 3 

participants who did not demonstrate a consistent bias had 

three of the four exemplars with bias in the same direction. 

However, because the data indicated only a slight 

tendency in that direction and because there was a great 

between-subject variability among participants in the 

direction of performance bias, it seems that performance of 

some participants can be explained by the prototype view of 

memory representation and performance of some cannot be 

explained by the view. 

This unexpected finding can be further explained by 

another method of estimating the consistent versus 
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differential bias in performance. The CE% values produced 

by the participants during the transfer test on the initial 

transfer trial were examined. Only the initial transfer 

trial provides evidence of prototype formation unaltered by 

the influence of transfer processes, because participants 

can use subjective reinforcement from one trial to adjust 

performance on subsequent trials (Doody & Zelaznic, 1988; 

Schmidt, 1975). 

Table 2 

Means and Standard Deviations for the Last 15-Trial Block 

for Each Exemplar and the Initial Transfer Performance 

Exemplar 

Acquisition Short ( 13 0 cm) .58 .88 

Acquisition Medium (260 cm) -.03 2.08 

Acquisition Long (520 cm) 3.26 1.73 

Transfer Near (162.5 cm) -1.13 5.15 

Transfer Near (455 cm) -.70 14.72 

Transfer Far (195 cm) -2.48 4.01 

Transfer Far (390 cm) -3.03 10.71 

Note. N = 6. 

The means of the last 15-trial block of the acquisition 

phase for each exemplar were combined with the initial trial 
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of the transfer test in a single analysis. A one-way RM 

ANOVA was used for CE%. The results indicated that there 

was no significant difference between the seven exemplars 

(three acquisition and four transfer exemplars), F(6, 30) = 

13.58, 2 = .9502. The descriptive statistics are presented 

in Table 3. On the transfer test, all CE% values for each 

exemplar were negative, indicating an undershooting of the 

criterion value. In addition, as can be noted from Table 2, 

less error was demonstrated for the near exemplars than the 

far exemplars. These results are supportive of the 

prototype view of memory representation. 

Summary of Hypotheses Decisions 

1. There are no significant differences during 

acquisition among the three exemplar conditions (130, 260, 

and 520 cm) on the performance of a beanbag throwing task 

for AE%, VE%, and CE%: Rejected for AE% and accepted for 

VE% and CE%. 

2. There are no significant differences during 

acquisition among the trial blocks on the performance of a 

beanbag throwing task for AE%, VE%, and CE%: Rejected. 

3. There are no significant differences between 

transfer performance and performance at the end of the 

acquisition phase for AE%, VE%, and CE%: Rejected for AE% 

and VE% and accepted for CE%. 

4. There are no significant differences between the 
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two near exemplars (162.5 and 455 cm) and the two far 

exemplars (195 and 390 cm) during the transfer session on 

the performance of a beanbag throwing task for AE%, VE%, and 

CE%: Accepted. 

Experiment 2 

Descriptive Information of the Participants 

Six male adults with PMR participated in Experiment 2. 

Two of the six participants had Down syndrome. Their ages 

ranged from 34 to 47 years (CA: M = 40.67, SD= 5.65 yrs). 

IQ scores of the participants ranged between 11 and 16 (M = 

14.00, SD= 2.12). None of these participants participated 

in Experiment 1. The following descriptions of each of the 

participants are based on information from interviews with 

guardian, the living center records, and observation. 

Information such as other disabling conditions and/or type 

of medication taken was included if it appeared to be 

related to the study. All participants were ambulatory, and 

none had a disability that prevented them from performing 

the experimental task. Inspection of the individual data 

(AE% and VE%) revealed that there were no age-related 

differences in performance across the experimental 

conditions and no differences in performance between 

individuals with and without Down syndrome (see Appendices V 

& W). 
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Participant 1 

Participant 1 was a 47-year-old man diagnosed as having 

PMR (IQ= 11) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). This participant could 

ambulate independently and throw the beanbag in a fairly 

coordinated pattern. 

Participant 2 

Participant 2 was a 41-year-old man diagnosed as having 

PMR (IQ= 16) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). Because of his poor 

attention span, frequent tapping of the target area was 

needed to cue this participant. 

Participant 3 

Participant 3 was a 34-year-old man diagnosed as having 

PMR (IQ= 16) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). He talked to himself in 

a perseverant manner. This individual could ambulate 

independently and throw the beanbag in a coordinated 

pattern. Because of his poor attention span, frequent 

tapping of the target area was needed to arrest his 

attention and cue him. 

Participant 4 

Participant 4 was a 46-year-old man diagnosed as having 

PMR (IQ= 17) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). He also had Down 
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syndrome. He did not take any medication. This individual 

could ambulate independently and throw the beanbag in a 

coordinated pattern. He swung his arm numerous times before 

releasing the beanbag to the target used in the long 

exemplar. Therefore, it took him a long time to finish the 

performance trials. 

Participant 5 

Participant 5 was a 46-year-old man diagnosed as having 

PMR (IQ= 16) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). This individual could 

ambulate independently and throw the beanbag in a 

coordinated pattern. His data were excluded from analysis 

of retention performance, because he could not participate 

in the 48-hr retention test due to illness. 

Participant 6 

Participant 6 was a 34-year-old man diagnosed as having 

PMR (IQ= 18) based on results obtained from the Slosson 

Intelligence test (Slosson, 1981). He had Down syndrome. 

This individual could ambulate independently and throw the 

beanbag in a coordinated pattern. 

Examination of Data and Statistical Assumptions 

The BMDP-2D statistical program was used to investigate 

the possibility of outliers that may have been present in 

the data and to determine if extreme skewness was present. 

The numbers of standard deviations included in the range 
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were adjusted (Gench & Hinson, 1993). For the acquisition 

data, data points for trial blocks were outliers if they 

were more than+ 2.25 standard deviations from the mean, 

because the number of cases counted was 54. For the. 

retention data, data points for trial blocks were outliers 

if they were more than+ 1.55 from the mean. The identified 

outlying cases were changed into the next most extreme 

scores in the distribution to reduce the influence of the 

outlying cases (Tabachnick & Fidell, 1989). The outlying 

trial block cases are located in Appendix I. The BMDP-6D 

statistical program was used to test the assumptions of 

linearity and homoscedasticity. After the outlying cases 

were changed, all the assumptions were met. 

Examination of the Hypotheses 

Analysis procedures identical to those in Experiment 1 

were utilize, including the use of separate models of 

analysis for the acquisition and retention phases of the 

experiment. Data for Participant 5 were not included for 

analysis of retention performance, because he could not 

participant in the 48-hr retention test due to illness. 

Acquisition Performance 

Acquisition trials were divided into 45-trial blocks 

(15 trials for each exemplar) for the first 8 days and a 

single block of the 15 trials (5 trials for each exemplar) 

on Day 9. This resulted in 9 blocks for this phase of the 
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analysis. Three separate 3 X 9 RM J:uJOVAs (Exemplar X Trial 

Block) were performed, one on each of the dependent 

measures. 

Relative Absolute Error. Figure 4 shows mean AE% 

across exemplars and trial blocks. In addition, the RM 

'ANOVA summary table and the descriptive statistics for 

experimental conditions for AE% are located in Appendices X 

and Y, respectively. 
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Figure 4. Relative absolute error for acquisition 
performance, collapsed across exemplar (45-trial block for 
Block 1 to Block 8; 15-trial block for Block 9) for 
Experiment 2. 

The exemplar main effect and the exemplar and trial 
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block interaction were not statistically significant, F(2, 

10) = 2.78, 2 = .1530; F(l6, 80) = 1.24, 2 = .2889, 

respectively. These results indicate that overall accuracy 

of the participants' performance in each of the three 

exemplars were not significantly different. 

The analysis of AE% revealed a significant main effect 

for trial block, F(4, 8) = 4.99, 2 = .0113, indicating that 

there was a significant improvement with practice for the 

overall accuracy. The subsequent post hoc analysis of the 

significant main effect for trial block revealed that a 

significant reduction in AE% occurred after the 4 blocks of 

practice. That is, the performance gradually improved for 

the first 5 trial blocks and leveled off. The mean 

comparisons from the Tukey WSD post hoc tests are 

illustrated in Appendix Z. 

Relative Variable Error. Relative variable error 

scores were analyzed in a 3 X 9 (Exemplar X Trial Block) 

repeated measures 'ANOVA. The VE% means for each trial block 

across exemplars are displayed in Figure 5. The RM ANOVA 

summary table and descriptive statistics for experimental 

conditions for VE% are located ·in Appendices AA and BB, 

respectively. 

Results of RM 'ANOVA indicated a significant main effect 

for trial block, F(8, 40) = 3.63, 2 = .0029. The results of 

post hoc analysis of VE% were similar to those for AE%. The 
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reduction in AE% occurred after the 4 blocks of practice. 

The performance was gradually improved during the first 5 

trial blocks and leveled off. The mean comparisons from the 

Tukey WSD post hoc tests are illustrated in Appendix . CC. No 

improvement after block 5 indicates that the participants' 

performance had reached asymptote by block 5. 
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Figure 5. Relative variable error for acquisition 
performance, collapsed across exemplar (45-trial block for 
Block 1 to Block 8; 15-trial block for Block 9) for 
Experiment 2. 

The exemplar main effect and the exemplar and trial 

block interaction were not statistically significant, F(2, 

10) = 3.30, £ = .0793; F(l6, 80) = 1.18, £ = .2987, 
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respectively. These results indicate that consistency of 

the participants' performance in each of the three exemplars 

was not significantly different. 

Relative Constant Error. CE% scores were analyzed in a 

3 X 10 (Exemplar X Trial Block) RM ANOVA. The CE% means for 

each exemplar condition across trial blocks are displayed in 

Figure 6. The RM ANOVA summary table and descriptive 

statistics for experimental conditions for CE% are located 

in Appendices DD and EE, respectively. 
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block for Block 9) for Experiment 2. 
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Results of RM ANOVA for CE% indicated a significant 

exemplar main effect, F(2, 10) = 20.95, g = .0003. Post hoc 

analysis indicated that participants' performances in the 

short and medium exemplars were significantly different from 

the performance in the long exemplar on CE% across trial 

blocks. In the long exemplar, the participants consistently 

demonstrated an underthrowing of the criterion value, while 

demonstrating an overthrowing of the criterion value in the 

short and medium exemplars. The mean comparisons from the 

Tukey WSD post hoc test are illustrated in Appendix FF. 

Retention Performance 

In the retention phase, the two main goals of the data 

analysis were (a) to determine if retention (48-hr and 

1-week) performance differed from performance at the end of 

the acquisition phase and (b) to determine if there were 

differences between the previously produced exemplars (the 

old ones) and the novel exemplars (the new ones). To 

accomplish these goals, the 15 retention trials for each 

exemplar within each of the two retention phases were formed 

into a single block, resulting in 8 blocks for retention (4 

blocks per retention test X two·retention tests). In 

addition, the last 15 trials of the acquisition phase for 

each exemplar were formed into a single block, resulting in 

three blocks of acquisition performance (one for each 

exemplar). The eight retention blocks were combined with 
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the three acquisition blocks in a single analysis. Three 

separate one-way RM ANOVAs were used for AE%, VE%, and CE%, 

respectively. 

Preplanned single-degree-of-freedom contrasts were used 

to compare (a) performance on the last 15-trial block of the 

acquisition phase with the mean of the four blocks of 48-hr 

retention, (b) performance on the last 15-trial block of the 

acquisition phase with the mean of the four blocks of 1-week 

retention, (c) the mean of the two blocks of old exemplar 

with the mean of the two blocks of new exemplars at 48-hr 

retention, and (d) the mean of the two blocks of old 

exemplar with the mean of the two blocks of new exemplars at 

1-week retention. Performance during the last 15-trial 

block of the acquisition phase and during the retention 

phase can be seen in Table 3. 

Relative Absolute Error. Results of the one-way ANOVA 

for AE% indicated no significant main effect for the 

exemplar block, F(l0, 40) = 1.30, £ = .3198. The ANOVA 

summary table for AE% is located in Appendix GG. As noted 

in Table 3, there was no deterioration in overall 

performance from the end of the acquisition phase to the 

48-hr and 1-week retention tests. 
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Table 3 

Relative AE. VE. and CE Means and Standard Deviations (in%) 

for Each Exemplar at the End of Acquisition and Across 

Retention Tests. Experiment 2 

Exemplar AE% VE% 

Acquisition (Last 15-Trial Block) 

130 cm 3.64 1.62 5.40 1.26 2.99 

260 cm 4.20 1.37 5.08 .80 2.95 

520 cm 6.17 1.84 6.35 2.11 -3.30 

Retention (48-hr) 

162.5 cm (N) 5.17 3.16 5.36 .86 4.05 

260 cm (0) 4.97 1.88 6.09 2.80 3.09 

390 cm (N) 5.19 1.53 6.19 1.76 1.59 

520 cm ( 0) 5.71 2.37 5.29 1.04 -3.72 

Retention (1-week) 

130 cm ( 0) 4.51 1.10 4.71 1.52 2.67 

195 cm (N} · 4.81 .97 5.24 1.06 2.31 

260 cm (0) 4.46 2.08 6.38 1.19 .87 

455 cm (N) 5.42 1.69 6.86 2.44 -2.16 

Note. N = 5; N = new; 0 = old. 

CE% 

1.70 

3.98 

3.12 

4.15 

3.35 

3.33 

4.09 

2.42 

3.08 

2.12 

1.74 
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The result of the preplanned single-degree-of-freedom 

contrasts also indicated that there were no significant 

differences between the old and new exemplar in AE% for 

either the 48-hr or the 1-week retention tests. In fact, 

there was a difference of only .11% for the 48-hr retention 

test (M = 5.29%, SD= 2.00% for the old exemplars; M = 

5.18%, SD= 2.24% for the new exemplars), .63% for the 

1-week retention test (M = 4.49%, SD= 1.30% for the old 

exemplars; M = 5.12%, SD= 1.18% for the new exemplars). 

Relative Variable Error. Results of the one-way ANOVA 

for VE% also indicated no significant main effect for 

exemplar block, E(lO, 40) = 1.45, 2 = .2782. The ANOVA 

summary table for AE% is located in Appendix HH. 

As noted in Table 2, the participants were able to maintain 

their consistency of performance across the retention 

intervals. 

The result of the preplanned single-degree-of-freedom 

contrasts also indicated that there were no significant 

differences between the old and new exemplar in VE% for 

either the 48-hr or the 1-week retention tests. In fact, 

there was a difference of only .09% for the 48-hr retention 

test (M = 5.69%, SD= 1.69% for the old exemplars; M = 

5.78%, SD= 1.29% for the new exemplars), .51% for the 

1-week retention test (M = 5.55%, SD= 1.21% for the old 

exemplars; M = 6.05%, SD= 1.71% for the new exemplars). 
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Relative Constant Error. As in Experiment 1, the CE% 

data were analyzed for an indication of consistent versus 

differential bias in performance. With the adjustment of 

the family-wise error rate using the Bonferroni technique, 

there was no significant difference among exemplar blocks, 

F(l0, 40) = 8.44, 2 = .0173. The RM ANOVA summary table for 

CE% is located in Appendix II. 

The result of the preplanned single-degree-of-freedom 

contrasts indicated that there was no significant difference 

between the old and new exemplar in CE% for the 

48-hr retention test. However, the relatively low 2 value 

in RM ANOVA for CE% was due to significant difference 

between the old and new exemplars for the 1-week retention 

test, F(l, 4) = 61.28, 2 = .0014. Participants demonstrated 

lower CE% for the new exemplars (M = 1.77%, SD= 2.17%) than 

for the old exemplars (M = .35%, SD= 2.33%). In addition, 

it should be noted that the CE% values for the old and new 

exemplars for the 1-week retention test were positive, 

indicating an overthrowing of the criterion value. 

On the last 15-trial block of the acquisition phase, 

the CE% values for the short and medium exemplars (130 and 

260 cm) were positive, indicating an overthrowing of the 

criterion value, whereas the CE% value for the long exemplar 

was negative, indicating an underthrowing of the criterion 

value. On the 48-hr and 1-week retention tests, these 
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patterns continued. For example, the CE% values for the 

longer exemplar (e.g., 495 and 520 cm) were negative, 

whereas all values for the other exemplars were positive on 

the 48-hr and 1-week retention tests. 

Summary of Hypotheses Decisions 

1. There are no significant differences during 

acquisition among the three exemplar conditions (130, 260, 

and 520 cm) on the performance of a beanbag throwing task 

for AE%, VE%, and CE%: Rejected for CE% and accepted for 

AE% and VE%. 

2. There are no significant differences during 

acquisition among the trial blocks on the performance of a 

beanbag throwing task for AE%, VE%, and CE%: Rejected for 

AE% and VE% and accepted for CE%. 

3. There are no significant differences in the 

performance of a beanbag throwing task at the end of the 

acquisition phase and the retention performance on a 48-hour 

retention test for AE%, VE%, and CE%: Accepted for AE%, 

VE%, and CE%. 

4. There are no significant differences between the 

performance of a beanbag throwing task at the end of the 

acquisition phase and the retention performance on a 1-week 

retention for AE%, VE%, and CE%: Accepted for AE%, VE%, and 

CE%. 

5. There are no significant differences between the 
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two old exemplars (260 and 520 cm) and the two new exemplars 

(162.5 and 390 cm) on the 48-hr retention test of a beanbag 

throwing task for AE%, VE%, and CE%: Accepted for AE%, VE%, 

and CE%. 

6. There are no significant differences between the 

two old exemplars (130 and 260 cm) and the two new exemplars 

(195 and 455 cm) on the 1-week retention test of a beanbag 

throwing task for AE%, VE%, and CE%: Accepted for AE%, VE% 

and CE%. 

Memory Representation and Social Validity 

The purposes of this analysis were (a) to determine 

whether the participants could perform the beanbag throwing 

task based on their memory representation rather than 

relying on an immediate and concurrent visual perception of 

the target and (b) to determine whether the participants 

could generalize the learned beanbag throwing skill to a 

related task environment. 

Examination of the Hypotheses 

Scores were converted to relative error scores and 

averaged across blocks of 5 trials for each of the three 

exemplars, resulting in one acquisition block, one memory 

representation block, and one social validity block for each 

of relative error scores. These data were analyzed using 

three separate 2 X 3 X 3 (Experimental Group X Phase Block X 

Exemplar) ANOVAs with repeated measures on the last two 
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factors. A multivariate approach which utilized MANOVA 

significance tests for univariate ANOVA with repeated 

measures was used, because the multivariate E statistic is 

reasonably robust to the violation of the sphericity 

assumption (Schutz & Gessaroli, 1987). Therefore, 

Hotelling's T2s are reported. The family-wise error rate 

was set at .05 and adjusted to .0167 for the individual 

tests of AE%, VE%, and CE% using the Bonferroni technique. 

Tukey's WSD procedures were used for all post hoc analyses. 

Relative Absolute Error 

A 2 X 3 X 3 (Experimental Group X Phase Block X 

Exemplar) ANOVA with repeated measures on the last two 

factors for AE% revealed a significant main effect for phase 

block, TSQ = 28.21, £(2, 9) = 12.69, £ .0024, which signaled 

that differences among the three phase blocks occurred. The 

descriptive statistics are located in Table 4, and the ANOVA 

summary table is illustrated in Appendix JJ. A post hoc 

analysis revealed that AE% at the end of acquisition (M = 

5.33%) was significantly smaller than that during the memory 

representation phase (M = 9.83%), but similar to that during 

social validity phase (M = 6.12%). The mean comparisons 

from the Tukey WSD post hoc test are illustrated in Appendix 

KK. 
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Table 4 

Relative AE, VE, and CE Means and Standard Deviation (in%) 

for Each Exemplar at the End of Acquisition, and During 

Memory Representation and Social Validity Phases for 

Experiment 1 (Transfer) and 2 (Retention) 

Variable AE% VE% CE% 

Experimental Group 1 

Acquisition (Block 9) 

Short 4.92 1.60 6.14 .94 .87 

Medium 4.97 2.31 7.04 2.21 .87 

Long 5.13 1.74 5.86 1.10 -3.45 

Memory Representation 

Short 15.05 11.50 17.08 14.35 8.64 

Medium 11.90 5.70 10.63 5.34 9.33 

Long 8.31 1.56 8.44 4.26 -4.61 

Social Validity 

Short 5.61 4.27 7.87 4.59 -2.49 

Medium 6.85 3.74 6.65 3.64 -5.41 

Long 8.16 4.00 5.70 1.70 -7.71 

4.40 

2.57 

3.17 

6.08 

7.32 

5.71 

6.30 

4.47 

4.35 
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Table 4 (continued) 

Variable AE% VE% CE% 

Experimental Group 2 

Acquisition (Block 9) 

Short 4.92 4.99 3.86 .34 4.12 5.70 

Medium 4.24 1.51 5.38 1.81 2.09 2.38 

Long 7.79 2.32 6.82 3.22 -4.71 5.04 

Memory Representation 

Short 7.02 5.02 5.57 2.05 6.41 5.59 

Medium 8.21 4.97 8.20 3.30 4.69 8.19 

Long 8.51 3.06 7.81 2.28 -3.58 6.86 

Social Validity 

Short 4.26 4.42 5.87 5.52 .87 2.92 

Medium 3.19 2.83 4.69 3.70 -.73 1.26 

Long 8.67 3.05 6.73 2.32 -8.28 3.08 

Relative Variable Error 

A three-way ANOVA with repeated measures on the last 

two factors for VE% was performed. The ANOVA summary table 

is located in Appendix LL. A closer examination of the 

ANOVA summary table reveals no significant main effects for 
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experimental group, phase block, and exemplar. No 

significant interactions were detected. The means and 

standard deviations across the experimental conditions are 

presented in Table 4. 

Relative Constant Error 

Analysis of CE% revealed significant main effects for 

the phase block, TSQ = 22.91, E(l.24, 12.37) = 16.76, 2 = 

.0009, and for the exemplar, TSQ = 55.14, F(2, 9) = 24.81, ~ 

= .0002, respectively. No other significant differences 

existed between conditions. The ANOVA summary table is 

illustrated in Appendix MM. 

The significant main effect for the phase block 

indicated that, although participants demonstrated 

relatively low bias at the end of acquisition (M = -.03%), 

they were overthrowing for the criterion value during the 

memory representation phase (M = 3.48%) and underthrowing 

for the criterion value during the social validity phase (M 

= -3.96%). The mean comparison from the Tukey WSD post hoc 

is located in Appendix NN. 

Summary of Hypotheses Decisions 

1. There are no significant differences in 

performance between the two experimental groups on the 

performance of a beanbag throwing task for AE%, VE%, and 

CE%: Accepted for AE%, VE%, and CE%. 

2. There are no significant differences between the 
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performance at the end of the acquisition phase and the 

performance during memory representation and social validity 

phases on a beanbag throwing task for AE%, VE%, and CE%: 

Rejected for AE% and CE% and accepted for VE%. 



CHAPTER V 

DISCUSSION 

The capacity to transfer learned behavior from familiar 

to less familiar environments is considered an important 

component of intellectual functioning and a central factor 

that determines individual differences in intellectual 

ability (e.g., Campione & Brown, 1984; Hayes & Taplin, 

1993a; Spitz, 1982). Researchers in the 1960s had a 

generally pessimistic view of the abilities of individuals 

with mental retardation to construct concepts from 

experiences and to transfer them to novel situations 

(Kendler & Kendler, 1962). It was suggested that these 

individuals may have fewer conceptual categories (Stephens, 

1964) and fewer referents per category than individuals 

without mental retardation (Sperber, Ragain, & McCauley, 

1976). Those deficits were thought to be related to slow 

acquisition, poor and short attention to relevant task 

details, failure to employ adequate memory strategies, and a 

reduced ability to generalize (Ager, 1983; Browder, 1991; 

Cipani, 1990; Crosby, 1972). Individuals with profound 

mental retardation (PMR) seem to have greater deficits in 

cognition and attention than individuals with other levels 

of mental retardation. 

122 
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Nonetheless, researchers have been generally optimistic 

about the potential that such individuals may have for motor 

skill learning and the importance of this for their quality 

of life (Jansma, 1993). For instance, researchers have 

acknowledged that individuals with PMR can learn a simple 

movement and improve the information processing aspects of 

the skill (Choi, Meeuwsen, & French, 1995b) as well as 

movement time with extended practice (Wade, Hoover, & 

Newell, 1984; Wade, Newell, & Wallace, 1978). Furthermore, 

researchers have indicated that even individuals with PMR 

generalize motor performance to different conditions (Berg 

et al., 1994; Silliman & French, 1993). 

If individuals with PMR can learn motor skills (Choi et 

al., 1995b; Silliman & French, 1993; Wade et al., 1984), it 

is important to determine the nature and content of the 

underlying memory representation, because it has been 

assumed that well-learned motor skills are centrally 

represented in memory (Schmidt, 1975). However, what is 

absent in research related to individuals with PMR is an 

investigation of the representation of motor skills in 

memory. If the nature and content of the memory 

representation can be determined, important knowledge can be 

gained about the processes by which the memory 

representation is developed, as well as how this 

representation interacts with environmental information to 
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produce a motor response (Chamberlin & Magill, 1992a). 

Summary 

The purpose of the study was to examine whether 

individuals with PMR create memory representations of a 

motor skill according to the predictions of a prototype 

model or an exemplar model. To investigate the predictions, 

the active production of a beanbag throwing movement was 

used as the experimental task with individuals with PMR. 

Two different experiments were conducted. 

Experiment 1 

In Experiment 1, the predictions of the prototype and 

exemplar models were tested with regard to the novel task 

transfer performance of a motor skill in individuals with 

PMR. According to the prototype model, which underlies 

schema theory (Schmidt, 1975), three predictions can be 

tested for novel task transfer performance (Chamberlin & 

Magill, 1992b; Medin & Schaffer, 1978; Posner & Keele, 1968, 

1970). First, if the recall schema is reasonably well 

established for a class of movements, participants can 

produce novel movements which were never experienced before 

as accurately as they can produce old, well-trained 

movements. The reason for this is that the schema treats 

movements that differ slightly as being similar, if they 

fall within the boundaries of the recall schema. 

Consequently, if constant error in performance is noted, any 
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bias in this error should be in a consistent direction, 

because the abstract rule used to produce the parameters 

removes the true values, resulting in a consistent 

undershooting or overshooting of the criterion performance. 

Moreover, the relationship between the transfer exemplars 

and previously experienced exemplars should not influence 

novel task transfer performance. 

In contrast, the exemplar model would predict a 

differing amount of error and bias when performing novel 

transfer movements. First, the relationship between 

previously experienced and novel responses should influence 

novel response performance. The amount of error should 

decrease as the novel exemplar is more similar to the stored 

exemplars (the previously performed movements) and increase 

as the novel exemplar becomes less similar to the stored 

exemplars. That is to say, novel responses that are 

performed in a context that is similar to the context in 

which the stored exemplar was experienced during acquisition 

should be performed with less error than novel responses 

with contextual characteristics that are less similar to the 

acquisition characteristics. Second, any bias noted in 

performance should be toward the most similar, previously 

experienced exemplar. 

To investigate these predictions, 6 male adults with 

PMR (CA: M = 44.75, SD= 12.17 yrs; IQ M = 18.25, SD= 2.26) 
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performed the beanbag throwing task from a standing position 

to targets using an underhand action with dominant hand. 

During the acquisition phase, the participants threw 

beanbags to the three distance exemplar targets which were 

placed on a board 122 cm wide X 735 cm long: (a) a short 

distance exemplar of 130 cm, (b) a medium distance exemplar 

of 260 cm, and (c) a long distance exemplar of 520 cm. 

Following the acquisition phase, the participants performed 

four novel transfer exemplar distances. Two far and less 

similar exemplar distances (162.5 and 390 cm) were located 

at the midpoints between the short and medium exemplar 

distances and between the medium and long exemplar 

distances. Two near and more similar exemplar distances 

(195 and 455 cm) were located at the midpoint between far 

exemplar distances (162.5 and 390 cm) and short and long 

exemplar distances, respectively. 

The fundamentals of the task were practiced until the 

participants understood the beanbag throwing task and 

reached the respective criteria. The acquisition phase 

consisted of acquisition blocks of 45 trials during 8 

training days and of 15 trials during the last day of 

acquisition. Participants performed a total of 375 practice 

trials, 125 trials for each exemplar. Following completion 

of the acquisition phase, transfer data were collected on 

Day 9. During the transfer phase, participants performed 15 
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trials of each transfer exemplar, thus performing a total of 

60 trials. 

The error scores were based on where the beanbag 

stopped on the target board. Constant error (CE) was 

measured and absolute error (AE) and variable error (VE) 

were calculated from CE. These scores were converted into 

relative error scores which were obtained by dividing the 

error score by its associated exemplar distance and then 

multiplying the quotient score by 100, to minimize the 

effects of the exemplar distance on the error. 

Analysis of the acquisition performance for Experiment 

1 revealed significant trial block main effects for AE% and 

VE%. The follow-up analysis indicated that both error 

scores decreased up to block 5. 

occurred after block 5 (Day 5). 

No further decrease 

These indicated that the 

participants improved overall accuracy and consistency 

during the first part of the acquisition phase and reached 

stable levels of performance. The significant main effect 

for acquisition exemplars was detected for AE%, but not for 

VE%. This indicated that consistency of the participants' 

performance for each of the three acquisition exemplars was 

not significantly different. However, the longest of the 

three acquisition exemplars was performed with more AE% 

error than the short or medium exemplars. 

The analysis of transfer performance for Experiment 1 
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indicated significant exemplar block main effects for AE% 

and VE%. The result of the preplanned 

single-degree-of-freedom contrasts indicated that the 

significant AE% and VE% main effects for exemplar block was 

in part due to difference in performance between the last 

15-trial block of the acquisition phase and the transfer 

phase. The elevated levels of AE% and VE% during transfer 

performance are a fairly typical finding among studies that 

included novel task transfer tests (Chamberlin & Magill, 

1992b). 

There were significant differences in performance 

between the four novel exemplars performed during the 

transfer test for AE% and not for VE%. If the recall schema 

was well established for beanbag throwing, the participants 

should have produced novel transfer exemplars equally well, 

because the recall schema treats all the beanbag throwing 

exemplars as the same. This prediction was not supported in 

the present experiment. 

The prototype model predicts that, if there are 

significant differences among the four novel exemplars, the 

differences should occur in an constant direction. The 

results of CE% appears to be problematic for a prototype 

view of memory representation, because the four novel 

exemplars did not have consistent bias. These results do 

not provide unequivocal support for the prototype view of 



memory representation of motor skills in individuals with 

PMR. 
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There was no difference between the near and far 

transfer exemplars for AE% and VE%. These results are 

supportive of the prototype view of memory representation of 

motor skills in individuals with PMR, because the similarity 

between the transfer exemplars and the acquisition exemplars 

was not an influencing factor for transfer performance. 

From an exemplar view of memory representation, the amount 

of error should have decreased as the novel exemplar became 

less similar to the stored exemplar. Any bias noted in 

performance should be in the direction toward the most 

similar, previously performed exemplars. These exemplar 

model predictions were not supported. It can be concluded 

that the results from immediate transfer performance provide 

some support for the prototype view of memory representation 

of motor skills in individuals with PMR. 

Experiment 2 

In Experiment 2, the predictions of the prototype and 

exemplar models on 48-hr and 1-week delayed retention tests 

were examined. When delays on the order of several days are 

inserted between initial acquisition and retention tests, 

significantly greater forgetting is observed for the 

original training exemplar than for the abstract prototype 

(Medin & Schaffer, 1978), because forgetting tends to affect 
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the peripheral information more than the abstracted central 

information. A retention interval allows forgetting of 

individual exemplars experienced during the acquisition 

phase to take place. 

The prototype model of memory representation predicts 

that there should be no advantage to performing previously 

experienced exemplars over performing novel exemplars that 

belong to the same class of movements. Once separate 

exemplars have been passed through the abstracting 

mechanism, they are discarded. Therefore, following a 

retention interval that allows the abstracting and 

forgetting processes to occur, there should be no difference 

between the performance of previously performed exemplars 

and the performance of novel retention exemplars. 

The exemplar model, on the other hand, predicts an 

advantage for performing previously experienced exemplars 

over novel retention exemplars. The action plan containing 

the specific parameter values of previously experienced 

exemplar is available in memory when performing a similar 

new exemplars (Chamberlin & Magill, 1992b; Medin & Schaffer, 

1978). Performance of a new retention exemplar would elicit 

the use of parameters approximated from the nearest stored 

exemplar (Chamberlin & Magill, 1992b). 

Six males with PMR (CA: M = 40.67, SD= 5.65 yrs; IQ: M 

= 14.00, SD= 2.12) who did not participate in Experiment 1 
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practiced three exemplars of the beanbag throwing task and 

then performed two old and two novel exemplars that varied 

in throwing distance for each of the two retention tests. 

The apparatus and tasks used in this experiment were . the 

same as in Experiment 1. The same three acquisition 

exemplars were practiced during the acquisition phase. The 

exemplars tested during the 48-hr retention test were the 

260 and 520 cm that were practiced during the acquisition 

phase and the 162.5 and 390 cm new exemplars. The exemplars 

tested during the 1-week retention test were the 130 and 260 

cm that were practiced during the acquisition phase and the 

195 and 455 cm new exemplars. Thus, each of the retention 

tests had two new and two old distance exemplars and one 

near and one far exemplar. In order to differentiate the 

comparisons between performance at the end of the 

acquisition phase and the 48-hr retention performance, and 

between performance at the end of acquisition phase and the 

1-week retention performance, different novel exemplars were 

used for the two retention tests. 

Analysis of the acquisition performance for Experiment 

2 revealed significant main effects for trial blocks for AE% 

and VE%. The follow-up analyses of the significant trial 

block effects indicated that there were decreases in both 

dependent measures over blocks; however, there was no 

further decrease after block 5. Participants demonstrated 
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improvement in overall accuracy and consistency during the 

initial 5 days of acquisition and reached stable levels of 

performance. 

AE% and VE% scores for the acquisition exemplars did 

not increase as the absolute distance increased, indicating 

that there were no significant differences among the three 

exemplars in terms of overall accuracy and consistency in 

performance. The CE% values for the long exemplar were 

negative, indicating an underthrowing of the criterion 

value. The CE% values for the short exemplar were mostly 

positive, indicating an overthrowing of the criterion value. 

The results of retention performance for Experiment 2 

indicated that the participants were able to maintain a high 

degree of overall accuracy and consistency in performance 

across the retention intervals. Chamberlin and Magill 

(1992a, 1992b) and Estes (1986) suggested that the use of 

longer retention intervals results in support for a 

prototype abstraction model, whereas shorter retention 

intervals result in support for an exemplar model. The 

reason for this is that, when delays are inserted between 

acquisition and transfer or retention tests, more forgetting 

is observed for the old acquisition exemplars than for the 

prototype and other new exemplars (Medin & Schaffer, 1978; 

Posner & Keele, 1968, 1970). This was not confirmed in this 

experiment. 
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No differences in performance could be found among the 

old and new exemplars. Performance of an exemplar during 

the retention phase was not enhanced by the previous 

acquisition trials of that specific exemplar. Moreover, the 

participants generally undershot the longer exemplars and 

overshot the shorter exemplars. This pattern of responding 

bias was observed at both the 48-hr retention and 1-week 

retention tests. These results are strongly supportive of 

the prototype model predictions for memory representation of 

motor skills in individuals with PMR. 

Memory Representation and Social Validity 

Follow-up tests were performed (a) to determine whether 

the participants could perform the beanbag throwing task 

based on their memory representation developed for the 

movement during acquisition rather than visual perception of 

the target and (b) to determine whether the participants 

could generalize the learned beanbag throwing skill to a 

different task (horseshoe throwing). Withdrawing the target 

immediately prior to response execution increased 

performance errors. However, performance of a horseshoe 

throwing task following completion of the acquisition, 

transfer or retention, and memory representation phases 

indicated that the participants were able to generalize the 

beanbag throwing skill to the horseshoe throwing task, 

because there were no differences in performance between the 



final acquisition trials of the beanbag throwing and the 

trials on the horseshoe throwing task. 

Discussion 

The results of each of the two experiments and the 

follow-up analyses are discussed in this section of the 

chapter. 

Experiment 1 

Acquisition Performance 

134 

Although an analysis of the acquisition data is of 

secondary concern, certain points need to be discussed. The 

purpose of the analysis of the acquisition performance was 

to determine whether the performance of individuals with PMR 

improved and reached asymptote by the end of the acquisition 

phase. The results of the analysis indicated that the 

participants demonstrated improvement in performance in 

terms of overall accuracy and consistency and reached stable 

levels of performance on all three exemplars. This finding 

is consistent with previous researchers who investigated the 

motor performance of individuals with mild mental 

retardation (Painter et al., 1994; Perretta, 1982). 

Individuals with PMR can acquire accuracy and consistency in 

a throwing task. 

It can be noted that AE% in the acquisition exemplars 

increased as the absolute exemplar distances increased, but 

VE% in the acquisition exemplars did not increase as the 
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distance increased. Although the initial exemplar 

differences in overall accuracy between the acquisition 

exemplars remained as the participants practiced, the 

participants maintained their performance consistency across 

the three acquisition exemplars. 

For CE%, there was no difference in performance between 

the short and medium exemplars, but there was difference 

between the short and long exemplars. The CE% results 

reflect a possible central tendency or assimilation effect 

across trials in which the CE% values for the long exemplar 

were negative and for the short exemplar were positive. The 

CE% values for the medium exemplar were inconsistent across 

the trial blocks. 

Transfer Performance 

The prototype model predicts that, if the recall schema 

is reasonably well established for a class of movement, all 

novel exemplars should be performed equally well (Chamberlin 

& Magill, 1992b; Medin & Schaffer, 1978; Posner & Keele, 

1968). This prediction was not supported by the results of 

the Experiment 1, because there were significant differences 

in performance between the four novel exemplars performed 

during the transfer phase for AE%. However, the 

participants were able to maintain their level of 

performance consistency (VE%) for the four novel transfer 

exemplars. These results suggest that the prototype model 
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was partially supported in this experiment with regard to 

performance difference among the novel transfer exemplars 

performed during the transfer phase. 

The critical comparison for the transfer test is 

between the near and far exemplars. Consistent with the 

results reported by Chamberlin and Magill (1992b), there 

were no significant differences between the far and near 

exemplars for AE% and VE%. This result is supportive of the 

prototype view for memory representation of motor skill in 

individuals with PMR. The degree of similarity between the 

transfer exemplars and the acquisition exemplars, as 

reflected by distances between the exemplars, did not 

influence transfer performance. 

Nevertheless, the results of the CE% analysis did not 

support either a prototype model or an exemplar model for 

memory representation of motor skills. According to the 

prototype model, bias in response should be in a constant 

direction, because the abstract rule used to produce the 

parameter may drift off the true values, resulting in 

consistent underthrowing or overthrowing of the criterion 

target. On the other hand, the exemplar model predicts that 

any bias should be in the direction of the most similar, 

previously performed exemplar. 

In contrast to the study by Chamberlin and Magill 

(1992b), the prediction concerning response bias was not 
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confirmed in the present experiment. During the last 

15-trial block of acquisition, the CE% values were negative 

for the long exemplar, positive for the short exemplar, and 

inconsistent for the medium exemplar. These patterns 

continued on the transfer test. Consequently, it appears 

that the CE% data do not strongly support either the 

prototype notion or the exemplar notion of memory 

representation of motor skills in individuals with PMR. 

These results seem consistent with the results of Doody and 

Zelaznic (1988) in which the schema or mean-based notion of 

skill acquisition was not strongly supported. 

However, when the data were analyzed differently, this 

inconsistent CE% finding between the present study and the 

study by Chamberlin and Magill (1992b) may be reconciled. 

Doody and Zelaznic (1988) suggested that the CE% values 

produced by the participants on the initial transfer trial 

should be compared to the last trials of the acquisition 

phase. Only the initial transfer trial provides evidence of 

recall development unaltered by the influence of recognition 

processes, because participants can use subjective 

reinforcement from a transfer test trial to adjust 

performance on the subsequent trial (Doody & Zelaznic, 1988; 

Schmidt, 1975). On the first trial of the transfer test, 

all values for each exemplar were negative, indicating an 

underthrowing of the criterion target. These results are 
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supportive of the prototype view for memory representation 

of motor skills in individuals with PMR. The results also 

indicate that individuals with PMR create memory 

representations of motor skills and effectively used 

subjective reinforcement from the initial transfer test 

trial to adjust performance on the subsequent trials. 

Taken collectively with regard to the novel task 

transfer performance, the degree of similarity between the 

novel transfer exemplars and the acquisition exemplars did 

not influence transfer performance. In addition, 

performance bias on the first transfer trial was in a 

constant direction. These results seem to support the 

prototype notion of memory representation of motor skills in 

individuals with PMR, despite the fact that all novel 

exemplars were not performed equally well in terms of 

overall accuracy. 

Experiment 2 

Immediate novel task transfer performance in Experiment 

1 seemed to support a prototype view of memory 

representation for motor skills in individuals with PMR. 

Experiment 2 investigated whether comparison of retention 

performance with delayed novel task transfer would provide 

stronger support for the prototype view of memory 

representation of motor skills in individuals with PMR. 
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Acquisition Performance 

The results of the acquisition data of Experiment 2 

indicated that the participants increased overall accuracy 

and consistency during the initial 5 days of acquisition and 

reached stable levels of performance thereafter. In 

contrast to the results of Experiment 1, the three 

acquisition exemplars were performed similarly in terms of 

overall accuracy and consistency. This finding is 

consistent with the results of Chamberlin and Magill 

(1992b) . 

Retention Phase 

In contrast to the results in Experiment 1, the results 

of the retention tests indicated that the participants were 

able to maintain a high degree of overall accuracy and 

consistency in performance across the retention intervals. 

The length of the retention interval did not influence the 

performance of individuals with PMR. 

The critical comparisons for the retention tests were 

between the previously experienced exemplars (the old 

exemplars) and the novel exemplars (the new exemplars). No 

differences in performance were found between the old and 

new exemplars in both the 48-hr and the 1-week retention 

tests for AE% and VE%. Performance in a particular exemplar 

was not enhanced by the previous experience of that specific 

exemplar. This result strongly supports the predictions of 
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the prototype model of memory representation of motor skills 

in individuals with PMR. Individuals with PMR seemed to 

have forgotten the specific exemplar information and 

retained the prototype abstraction information of the motor 

skill (Chamberlin & Magill, 1992a, 1992b; Medin & Schaffer, 

1978). 

Moreover, a consistent pattern of bias in responding 

was observed at both the 48-hr retention and 1-week 

retention tests. These results are also strongly supportive 

of the predictions from prototype view of memory 

representation for motor skills in individuals with PMR, 

because the prototype memory representation treats different 

exemplars as the similar exemplar, if they fall within the 

same class of movement. Similar results have been reported 

previously by Chamberlin and Magill (1992) for individuals 

without disabilities. 

Memory Representation and Social Validity 

The purposes of this section of analysis were (a) to 

determine whether the participants could perform the beanbag 

throwing task based on a memory representation rather than 

visual perception of the target and (b) to determine whether 

the participants could generalize the learned beanbag 

throwing skill to horseshoe throwing. The results indicate 

that overall performance accuracy during the memory 

representation test decreased somewhat relative to the end 



of acquisition, but consistency in performance was 

maintained across the experimental phases. 
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Overall accuracy of individuals with PMR deteriorated 

when they could not see the target while throwing, 

indicating that they had not sufficiently developed the 

memory representation of the target position. It has been 

proposed (Adams, 1971; Kohl & Shea, 1992; Schmidt, 1975) 

that sufficiently developed memory representations are 

capable of efficient movement control when sensory feedback 

is reduced or eliminated. Accordingly, as motor skills are 

learned, a shift occurs from a higher reliance on visual 

control to lesser role of vision and greater cognitive 

control (Kohl & Shea, 1992). 

The results of the present experiment seem to suggest 

that individuals with PMR may have difficulty shifting to 

central control mechanisms. However, the increased AE% 

during the memory representation phase is a fairly typical 

finding in studies using individuals without disabilities 

(e.g., Elliott, 1992) and children (Whiting & Cockerill, 

1974), indicating the importance of visual stimuli for 

throwing accuracy. It has also.been reported that less 

skilled throwers would benefit most from the visual 

information (Whiting & Cockerill, 1972) .· Therefore, the 

conclusion that individuals with PMR more strongly rely on 

vision than individuals without disabilities, because of 



142 

less effective memory representation, appears to be an issue 

of some importance that requires further investigation. 

The analysis of the social validity phase indicated 

that the participants' AE% of 6.12% was similar to AE% at 

the end of acquisition phase {5.33%). In addition, there 

was no difference in VE% between the final acquisition 

trials of the beanbag throw and the trials on the horseshoe 

throwing task. These results indicate that the participants 

were able to generalize throwing the beanbag to throwing the 

horseshoe. The results support findings of previous studies 

(Berg et al., 1994; Silliman, 1993; Silliman & French, 

19 93) . 

General Discussion 

In the two experiments, the form of the memory 

representation of a motor skill in individuals with PMR was 

investigated by considering performance on an immediate 

novel task transfer test and 48-hr and 1-week retention 

tests. The purpose of the study was to examine whether 

individuals with PMR create memory representations of a 

motor skill according to the predictions of a prototype 

model or an exemplar model. Transfer performance on novel 

variations of the practiced tasks was unaffected by the 

degree of similarity between the exemplars performed during 

acquisition and those performed during transfer. When 

compared to the acquisition exemplars, transfer exemplars 
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that were closer and more similar to the acquisition 

exemplars were not performed with less error than those 

transfer exemplars that were farther from and less similar 

to the acquisition exemplars. In addition, performance on 

both the 48-hr and 1-week retention tests did not 

demonstrate any performance advantage for a previously 

produced exemplar over a completely novel exemplar. These 

findi~gs provide support for predictions from a prototype 

view of memory representation of motor skills in individuals 

with PMR. These results are in general agreement with 

results obtained by Chamberlin and Magill (1992b), where the 

prototype view of memory representation of motor skills in 

individuals without disabilities was supported, using a 

three-segment timing movement. 

However, a consistent bias in responding which was 

predicted from the prototype view of memory representation 

was not found in either experiment. In addition, the 

exemplar model predicting that any bias noted in performance 

should be in the direction of the most similar, previously 

performed exemplar was not confirmed either. 

One possible reason for the ambiguous results may be 

that absolute distance participants threw the beanbags had a 

confounding effect on error, with longer distances resulting 

in greater error in performance. This problem was partially 

solved by converting the erro~ scores into the relative 
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error scores. After the converting, the difference between 

the short and medium exemplars disappeared, but the 

difference between the short and long exemplars did not. 

On the other hand, alternative approaches can be 

considered for contrasting predictions from the prototype 

and exemplar models of motor skill memory representation 

about the consistent versus differential bias in 

performance. First, the patterns of CE% in the acquisition 

exemplars should be compared to the patterns in the transfer 

and retention exemplars, because it is difficult to expect 

the overthrowing bias for the long exemplar during the 

transfer or retention phases, if there was consistent 

underthrowing bias for the long exemplar performed during 

the acquisition phase. Second, the CE% values produced by 

the participants on the initial transfer trial should be 

compared to the last trials of the acquisition phase, 

because participants can use subjective reinforcement from a 

transfer test trial to adjust performance on the subsequent 

trial (Doody & Zelaznic, 1988; Schmidt, 1975). Using this 

alternative approach, the prototype model of memory 

representation of motor skills ln individuals with PMR 

gained some support in both Experiment 1 and Experiment 2. 

The support for the prototype model of motor skills in 

individuals with PMR is consistent with previous 

demonstrations that individuals with mild mental retardation 
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tend to rely on prototype information when performing 

discrimination tasks of visual figures (Hayes & Taplin, 

1993a). These results suggest that individuals with mental 

retardation store cognitive and motor skill information 

similarly (Hayes & Taplin, 1993a; Lasky, 1974; Sperber et 

al., 1974) using a prototype model of motor skill and 

cognitive categorical concept acquisition. 

As Chamberlin and Magill (1992b) pointed out, however, 

the complete lack of support for a specific exemplar model 

is in striking contrast to results reported by researchers 

studying cognitive concept representation in individuals 

without disabilities. These researchers (Brooks, 1978; 

Estes, 1986; Jacoby & Brooks, 1984; Nosofsky, Clark, & Shin, 

1989) strongly support the exemplar model. 

Two possible reasons may explain the difference in 

memory representations between cognitive concept and motor 

skill. First, the task used in this study may not be the 

optimal one to examine these issues. It is possible that, 

for a specific exemplar memory representation to be formed, 

more distinctiveness is required between exemplars 

(Chamberlin & Magill, 1992a). Chamberlin and Magill (1992b) 

noted that more distinctiveness would allow for a clearer 

identification of a single exemplar as a separate entity and 

enhance the opportunity for storage of the exemplar as a 

unitary item in memory. 
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The second reason may be that the movements used in 

this task were too simple. For simple movements, 

abstraction of information to form a memory representation 

may require less of a cognitive effort than storing each 

individual exemplar. As the movements become more complex, 

the increased amount of information that needs to be 

abstracted may result in a more cognitive demanding 

abstraction process than the storage of individual exemplar. 

Because of this, the storage of information in a specific 

exemplar form may become more desirable (Chamberlin & 

Magill, 1992b). 

Despite these possible alternatives, the results of the 

present study support those reported by Chamberlin and 

Magill (1992b) using actively produced movements and by Lee 

(1985) and Solso et al. (1986) using passively experienced 

movements. All researchers provided evidence for the 

prototype model of memory representation for motor skill. 

The present study extends their findings to include 

individuals with PMR using actively produced movements. 

These results indicate that the nature and content of motor 

skill representation in memory of individuals with PMR 

resembles those of individuals without disabilities, even 

though individuals with PMR have memory and learning 

deficits associated with their condition (Forness & Kavale, 

19 93) . 
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In the present study, it seems that the medium distance 

exemplar may be the prototype that the participants formed 

with practice, because CE% scores were in the direction of 

the medium exemplar for which the participants demonstrated 

high overall accuracy and low variability in performance. 

This trend was sustained throughout the experimental 

conditions. 

This suggests that individuals with PMR have special 

difficulty in the encoding or retrieval of idiosyncratic 

features of the exemplars in the beanbag throwing task, 

because the prototype representation is less flexible than 

the exemplar-based representation (Farah & Kosslyn, 1982). 

However, prototype formation by individuals with PMR may 

make efficient use of their memory deficit associated with 

mental retardation by reducing the amount of specific 

exemplar information that has to be explicitly stored in the 

representation of motor skills in memory. Moreover, the use 

of prototypical information suggests that attention to the 

commonalities among exemplars during prototype construction 

may function to effectively limit comprehensive processing 

of specific exemplar information. 

This reasoning is consistent with the results of study 

by Hayes and Taplin (1993b}. Using concept learning of 

visual figures, Hayes and Taplin (1993b} reported that 

children, ages 9 to 14 years of age, without mental 
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retardation shifted from the exclusive use of prototype 

similarity in classification to a reliance on both prototype 

and exemplar specific information over a 5-year period. 

However, individuals with mild mental retardation failed to 

demonstrate this developmental progression for the use of 

prototypical information to exemplar specific information. 

This exclusive use of prototypical memory representation is 

less flexible and results in less effective performance, as 

evidenced by poor performance of individuals with mental 

retardation in most experimental tasks (e.g., Hayes & 

Taplin, 1993b; Hoover & Wade, 1985). 

In addition to providing support for the prototype 

model of memory representation of motor skills in 

individuals with PMR, the results of this study have 

implications for teaching motor skills to individuals with 

PMR. Previously suggested strategies for increasing 

generalization in individuals with PMR have favored simply 

increasing the number of exemplars presented during the 

acquisition phase (e.g., Stokes & Bear, 1977). In the motor 

learning domain, moreover, Schmidt (1975) suggested that 

increasing variability of practice improves transfer to 

novel movements. However, the results of the present study 

indicate that increasing the number of exemplars is not 

enough (Hupp & Mervis, 1982). Instead, systematic selection 

of most representative exemplars within the same class of 
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movements to be trained is essential in order to obtain an 

appropriately generalized movement. 

Recommendation for Further Studies 

Extending the investigation to individuals with .mild, 

moderate, and severe levels of mental retardation as well as 

individuals without disabilities is recommended for further 

studies. A more complex issue may be to determine whether 

the content of memory representation of motor skills differs 

qualitatively with IQ levels. A number of theorists (e.g., 

Landau & Hagen, 1974) have argued that individuals with 

different levels of mental retardation may be suffering from 

different defects in their cognitive structure. These 

hypothesized defects are viewed as producing differences in 

motor learning and control. 
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Memory Representation of Motor Skills 
in Individuals with Profound Mental Retardation 

1. Methodology 

The purpose of the study will be to test the 
predictions of a prototype model and an exemplar model 
related to the memory representation of a motor skill 
(beanbag throwing) by individuals with profound mental 
retardation (PMR). This study will consist of two 
different experiments. Twelve ambulatory males and 
females, age 33 to 57 years with PMR will be recruited 
from a population residing at a residential center in 
Texas. The participants will be able to volunteer. 
They will be randomly assigned to one of two 
experimental conditions. 

In Experiment 1, the predictions of the prototype model 
and exemplar model with regards to the novel task 
transfer performance will be examined. Six 
participants will perform beanbag throwing from the 
distances of 6.56, 13.12, and 2.25 feet in an forward 
direction, using underhand action with their preferred 
hand. In each day, the participants will perform 45 
trials. At the 10th day, participants will perform 
four novel transfer movement distances (8.20, 9.84, 
19.68, and 22.97 feet). They will throw the beanbag 60 
times. The task will be performed in a quite exercising 
room at the residential center. 

In Experiment 2, the predictions from the prototype 
model and exemplar model with regards to the 24-hr and 
1-week retention performance. Six participants, who 
will not have participated in Experiment 1, will 
practice beanbag throwing. The apparatus and tasks 
used in this experiment will be essentially the same 
used in Experiment 1. Procedures that are identical to 
those of the first 10 days of Experiment 1 will be used 
in the acquisition phase of this experiment. Following 
the 10 consecutive acquisition days, they will perform 
four novel retention movement distances. The retention 
test consisting of 60 trials will be administered after 
24 hours and 1 week delay. 

Participants will be asked to rest for 1 minute after 
every 15 trials. At the beginning of the experiment, 
participants will be instructed that they are required 
to throw a beanbag. Before performing the first trial, 
the experimenter will demonstrate the throwing action. 



2. Potential Risks and Protection of Subject Right 

Potential risk include: (a) fatigue, (b) improper 
disclosure of performance data to third parties, and 
(c) fear of strangers. 
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Steps that will be taken to preclude the manifestation 
of potential risks are: 

(a) Participants will be asked to rest for 1 minute 
after every 15 trials . 

. (b) All data will be recorded on data sheets 
containing a code number representing each 
participant. No name or other reference by which 
one could be identified will be printed or written 
on the data sheet. Code number and name 
association lists will remain in the principal 
investigator's possession at all times. Raw data 
will be stored in a locked cabinet for five years 
subsequent to conclusion of data collection. 
After that, the data will be destroyed by burning. 

(c) All data will be collected with only the principal 
investigator and assistant present in the room 
with windows and doors closed from public view. 

3. Debriefing 

The administrators, trainers, and parents/guardian will 
be debriefed by receiving a copy of the results of the 
investigation and if there are any questions they can 
contact the investigator. 

4. .Benefits 

The participants will be able to learn the beanbag 
throwing task which is used for their physical or 
recreational' activity. 

5. Informed Consent Procedures 

All participants will have written and signed 
permission from parents/guardians to participate in the 
study. The parents/guardian and/or the participants 
will be given a copy of the dated and signed consent 
form. 



TEXAS WOMAN'S UNIVERSITY 
SUBJECT CONSENT TO PARTICIPATE IN RESEARCH 

Title of Study: 

Memory Representation of Motor Skills in Individuals 
with Profound Mental Retardation 

Investigators 

1. 
2 . 
3 . 

Seung-oh Choi, MS. 
Ron French, Ed.D. 
Harry J. Meeuwsen, Ph.D. 

817-898-4724 
817-898-2582 
817-898-2589 
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This study will consist of practicing beanbag throwing 
for 12 days. The first 10 days will require 45 practice 
attempts from the distances of 6.56, 13.12, and 2.25 feet. 
For one group of participants, a retention test consisting 
of 60 trials will be administered after 24 hours and 1 week 
delays. For the other group, a transfer test will be given 
at the 10th day. The overall time commitment will be 200 
minutes, 15 minutes per day. Participants will be required 
to throw beanbag throwing from the distances of 6.56, 13.12, 
and 2.25 feet in an forward direction, using underhand 
action with their preferred hand. Participants will be 
asked to rest for 1 minute after every 15 trials. At the 
beginning of the experiment, participants will be instructed 
that they are required to throw a beanbag. Before 
performing the first trials, the experimenter will 
demonstrate the throwing action. 

Potential risks associated with this study include: (a) 
fatigue, (b) improper disclosure of performance data to 
third parties, and (c) fear of strangers. Steps that will 
be taken to preclude the manifestation of potential risks 
are: 

(a) Your child/client will be asked to rest for 1 
minute after every 15 trials. 

(b) All data will be recorded on data sheets . 
containing a code number representing each 
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participant. No name or other reference by which 
one could be identified will be printed or written 
on the data sheet. Code number and name 
association lists will remain in the principal 
investigator's possession at all times. Raw data 
will be stored in a locked cabinet for five years 
subsequent to conclusion of data collection. 
After that, the data will be destroyed by burning. 

(c) All data will be collected with only the principal 
investigator and assistant present in the room 
with windows and doors closed from public view. 

Your child/client will be able to learn beanbag 
throwing. Participation in this study will benefit your 
child/client not only in physical education, but also in 
participating in the community-based physical activity. 

We will try to prevent any problem that could happen 
because of this research. Please let us know at once if 
there is a problem and we will help you or your 
child/client. You should understand, however, that TWU does 
not provide medical services or financial assistance for 
injuries that might happen because your child/client is 
taking part in this research. 

If you have any questions about the research or about 
your child/client's right as a subject, we want you to ask 
us. Our phone numbers are at the top of this form. If you 
have questions later, or if you wish to report a problem, 
please call us or the Office of Research & Grant 
Administration at 817-898-3375. 

This study is completely voluntary. The 
parent/guardian and/or the participant may withdraw from the 
study anytime. The refusal to participate will involve no 
penalty or loss of privileges. The parents/guardian and/or 
the participants will be given a copy of the dated and 
signed consent form. 

Please read the following statements carefully. Your 
signature indicates that you have read and understand these 
statements. 
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I have received a written description of this study, 
including a fair explanation of the procedures and their 
purpose, any risks, and a description of the possible 
benefits. An offer has been made to me answer all questions 
about the study. I understand that my child/client's name 
will not be used in any release of the data and that I am 
free to withdraw him/her at any time. 

Signature of Parent/Guardian Date 

Signature of Participants (if possible) Date 

Principal Investigator Date 
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September 15, 1995 

Department of Kinesiology 
Texas Woman's University 
P.O. Box 23717 TWU Station 
Denton, TX 76204 

Dear Parents/Guardians: 
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I am a graduate student in Department of Kinesiology at 
Texas Woman's University (TWU), specializing in adapted 
physical education. During the fall of 1995, I would like 
to collect data for my dissertation. The following 
information is provided so that you can decide whether you 
wish to have your child/client participate in this research 
project. The parent/guardian and/or the participant may 
withdraw from the study at any time. Participation is 
completely voluntary and refusal to participate will involve 
no penalty or loss of privileges. 

The purpose of the project will be to examine the contents 
that motor skills take in memory in individuals with mental 
retardation. Participants will acquire a beanbag throwing 
skill. This project will benefit your child/client not only 
in physical education, but also in participating in the 
community-based physical activity. There can be minor risks 
such as fatigue, improper disclosure of performance data to 
third parties, and fear of strangers. However, these risks 
will be taken care of by appropriate training and security 
procedures. 

The project will be conducted for 17 days beginning in 
mid-october, 1995 (10 days of training, a 24-hour and a 
1-week retention phases). The overall time commitment will 
be 200 minutes, 15 minutes per day. I hope to include your 
child/client in this project. 

The Department of Kinesiology at TWU supports the practice 
of protection for human subjects participating in research. 
Therefore, your written permission is required for your 
child/client to participate in this project. If you are 
willing to let your child/client participate in this 
project, please, sign the TWU Subject Consent for 
Participate in Research and the Skyview Consent form 
attached and return as soon as possible in the enclosed, 
stamped, self-addressed envelop. 



Please feel free to call me concerning any additional 
information about this project. Thank you very much for 
your help in this project. 

Sincerely, 

Seung-oh Choi 
Texas Woman's University 
Department of Kinesiology 
Denton, TX 76204 
(817) 898-2575 (TWU) 
(817) 898-4724 (Home) 
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AND EXPERIMENT 2 
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A Schematic Diagram of the Exemplars 

Distance Acquisition Transfer 48-hr* 

0 

130 

162.5 

195 

260 

390 

455 

---Near --++---New 

---Far 

--old 

---Far ---New 

---Near 

520 ~~ ~~old 
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1-week** 

--Old 

--++--New 

--old 

--++--New 

Note. * = 48-hr retention test; ** = 1-week retention test. 
All values are in cm. 
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Task Analysis of the Beanbag Throwing Task 

Terminal Objectives: 
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The participant, standing, will perform an underhand beanbag 
throwing task, swinging the arm backward and then forward 
and releasing the beanbag at the end of the swinging.in a 
manner which causes the beanbag to be thrown in the 
direction of the target. 

Prerequisite Skills: 

Phase I Participant, standing 8 m from target, will swing 
the arm backward and then forward releasing the 
beanbag at the end of the swing in the direction 
of the target. The experimenter will physically 
assist the participant to bring the arm back and 
then forward. 

Phase II Participant, standing 8 m from target, will swing 
the arm backward and then forward releasing the 
beanbag at the end of the swing in the direction 
of the target. The experimenter will physically 
assist the participant to bring the arm back. 

Phase III Participant, standing 8 m from target, will 
independently swing the arm backward and then 
forward releasing the beanbag at the end of the 
swing in the direction of the target. 

Phase IV Standing 8 m from target with one foot forward and 
one foot back and knees bent, participant will 
swing the forward releasing the beanbag at the end 
of the swing in the direction of the target. 

Phase V The participant, standing 8 m from the target,will 
perform an underhand throwing task, swinging the 
arm backward and then forward and releasing the 
beanbag at the end of the swinging in a manner 
which cause the beanbag to be thrown in the 
direction of the target. 

Modified from Dunn et al. (1986). 



179 

Verbal Reinforcers 

1. Great, [participant's name], for throwing the beanbag 
on the target. 

2. Good, [participant's name], for throwing the beanbag on 
the target. 

3. Cowboy, you did good for throwing the beanbag on the 
target. 

Instructional Cues 

1. Not quite, [participant's name], next time, throw the 
beanbag harder. 

2. [Participant's name], throw the beanbag on the target. 

3. Not quite, [participant's name], watch. 
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Scheduling of Trial Presentation 

Day 1, Acquisition 

3 warm-up trials 
10 trials, exemplar A ( 13 0 cm) 
10 trials, exemplar B ( 260 cm) 
10 trials, exemplar C (520 cm) 
15 trials, 5 of each exemplar randomly 

Day 2, Acquisition 

3 warm-up trials 
10 trials, exemplar A (130 cm) 
10 trials, exemplar B (260 cm) 
10 trials, exemplar C ( 520 cm) 
15 trials, 5 of each exemplar randomly 

Day 3, Acquisition 

3 warm-up trials 
10 trials, exemplar A (130 cm) 
10 trials, exemplar B ( 260 cm) 
10 trials, exemplar C (520 cm) 
15 trials, 5 of each exemplar randomly 

Day 4, Acquisition 

3 warm-up trials 
5 trials, exemplar A (130 cm) 
5 trials, exemplar B (260 cm) 
5 trials, exemplar C (520 cm) 

presented 

presented 

presented 

30 trials, 10 of each exemplar randomly presented 

Day 5, Acquisition 

3 warm-up trials 
5 trials, exemplar A (130 cm) 
5 trials, exemplar B (260 cm) 
5 trials, exemplar C (520 cm) 

30 trials, 10 of each exemplar randomly presented 

Day 6, Acquisition 

3 warm-up trials 
5 trials, exemplar A (130 cm) 
5 trials, exemplar B (260 cm) 
5 trials, exemplar C (520 cm) 

30 trials, 10 of each exemplar randomly presented 
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Day 7, Acquisition 

3 warm-up trials 
3 trials, exemplar A (130 cm) 
3 trials, exemplar B (260 cm) 
3 trials, exemplar C (520 cm) 

36 trials, 12 of each exemplar randomly presented 

Day 8, Acquisition 

3 warm-up trials 
3 trials, exemplar A (130 cm) 
3 trials, exemplar B (260 cm) 
3 trials, exemplar C (520 cm) 

36 trials, 12 of each exemplar randomly presented 

Day 9, Acquisition 

3 warm-up trials 
15 trials, 5 of each exemplar randomly presented 

Day 9, Transfer for Experiment 1 

3 warm-up trials 
60 trials, 15 of each exemplar randomly presented 

Day 10, 48-Hr Retention for Experiment 2 

3 warm-up trials 
60 trials, 15 of each exemplar randomly presented 

Day 11, 1-Week Retention for Experiment 2 

3 warm-up trials 
60 trials, 15 of each exemplar randomly presented 

Day 12, Memory Representation 

3 warm-up trials 
15 trials, 5 of each exemplar randomly presented 

Day 12, Social Validity 

3 warm-up trials 
15 trials, 5 of each exemplar randomly presented 

182 



APPENDIX F 

ORDER OF TRIAL PRESENTATION 

183 



184 

COLUMN 1: Trial 

COLUMN 2 : Acquisition day 1 

COLUMN 3 : Acquisition day 2 

COLUMN 4: Acquisition day 3 

COLUMN 5 : Acquisition day 4 

COLUMN 6 : Acquisition day 5 

COLUMN 7 : Acquisition day 6 

COLUMN 8 : Acquisition day 7 

COLUMN 9 : Acquisition day 8 

COLUMN 10: Acquisition day 9 

COLUMN 11: Transfer 

COLUMN 12: 48-hr retention 

COLUMN 13: 1-week retention 

COLUMN 14: Memory representation 

COLUMN 15: Social validity 

Note. All values are in cm; 162 cm = 162.5 cm. 
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1 130 130 130 130 130 130 130 130 130 195 162 130 130 130 
2 130 130 130 130 130 130 130 130 260 455 162 130 260 260 
3 130 130 130 130 130 130 130 130 520 390 520 455 520 520 
4 130 130 130 130 130 130 260 260 130 390 390 195 130 130 
5 130 130 130 130 130 130 260 260 260 162 260 260 260 260 
6 130 130 130 260 260 260 260 260 520 390 390 195 520 520 
7 130 130 130 260 260 260 520 520 130 455 260 260 130 130 
8 130 130 130 260 260 260 520 520 260 455 520 455 260 260 
9 130 130 130 260 260 260 520 520 520 455 520 455 520 520 

10 130 130 130 260 260 260 130 130 130 455 520 455 130 130 
11 260 260 260 520 520 520 520 520 520 455 390 195 520 520 
12 260 260 260 520 520 520 130 130 130 455 162 130 130 130 
13 260 260 260 520 520 520 260 260 260 195 162 130 260 260 
14 260 260 260 520 520 520 130 130 260 455 260 260 260 260 
15 260 260 260 520 520 520 520 520 520 162 260 260 520 520 
16 260 260 260 130 130 260 130 130 r-r-r- 195 390 195 r-r- r- r- r- r-

17 260 260 260 520 260 130 260 260 ,-,-, 455 390 195 ,-,-,- ,- r- ,-

18 260 260 260 130 260 130 520 520 r- ,- r- 390 520 455 r-rr- ,- r- r-

19 260 260 260 260 260 520 130 130 ,-,-, 195 390 195 r r- r- r-r-r 

20 260 260 260 260 520 130 260 260 r-r-r- 162 260 260 r r- r- r- r-r-

21 520 520 520 520 260 130 260 260 r- r- r- 455 162 130 r- r- r- r-r-r-

22 520 520 520 130 130 520 130 130 r- r- r- 162 390 195 r-r-r rr-r 

23 520 520 520 260 520 520 260 260 r-r-r- 390 260 260 rrr- ,-,-,-

24 520 520 520 260 520 130 260 260 ,- ,- ,- 195 162 130 r-r ,- rrr 

25 520 520 520 260 260 520 520 520 rrr- 162 520 455 r-r-r rrr 

26 520 520 520 130 520 130 520 520 rrr 195 520 455 ,-,-,- ,- ,-,-

27 520 520 520 520 130 260 260 260 r r-r 455 260 260 ,-,- ,- rrr 

28 520 520 520 260 130 260 520 520 rrr 455 162 130 rrr rrr-

29 520 520 520 130 130 520 260 260 r-rr 455 162 130 r r- ,- ,- r r-

30 520 520 520 260 130 130 520 520 rrr 195 162 130 rr-r rrr 

31 130 260 130 130 130 260 520 520 r- r- r- 390 260 260 rrr rr-r 

32 260 130 520 130 520 130 520 520 rrr 390 390 195 ,,-,- rrr 

33 260 130 520 260 520 520 260 260 rrr 390 520 455 rrr r- r r-

34 260 130 130 130 260 260 260 260 rrr 390 162 130 r- r-r rr-r 

35 520 520 520 520 260 520 130 130 rrr 195 390 195 rrr- ,-,- ,-

36 130 260 260 260 520 260 260 260 r-rr 390 260 260 r-rr- rrr 

37 520 260 260 520 520 130 130 130 rrr 195 520 455 ,- r r- ,-,-,-

38 260 520 260 520 520 260 260 260 rrr 390 260 260 rrr ,- r r-

39 130 130 130 520 130 260 520 520 rrr 455 260 260 rrr rr-r-

40 520 520 520 260 130 520 130 130 rrr 162 390 195 r-rr rrr 

41 520 520 520 130 260 260 130 130 ,-,-, 390 520 455 r-r r- r- ,- r-

42 260 260 130 520 520 520 130 130 rrr 162 162 130 ,-,,- r-rr 

43 130 520 130 130 260 520 520 520 rrr 195 162 130 ,-,- r- r-rr 

44 130 260 260 520 260 260 130 130 rrr 195 260 260 rr-r- r-rr-

45 520 130 260 520 130 130 520 520 rrr 195 390 195 rrr rrr 

46 rr-r rrr rrr rrr rr-r ,-,-,- rrr rrr r-rr 455 520 455 rrr rrr 

47 rr-r- r-r-r r-r-r rr-r- ,-,,- ,-,,- ,,,- rrr ,,-,- 162 390 195 rr-r- ,-,-, 

48 rrr r-rr rrr ,-,-,- ,-,,- ,-,-,- r-rr rr-r rrr 162 520 455 ,-,-,- ,- ,-,-

49 rrr rrr rrr rrr rr-r rrr ,-,-,- rr-r rrr 162 390 195 rrr ,- ,-,-
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50 ,-,-,- ,-,-,- ,- ,- ,- ,- ,- ,- ,- ,- ,- ,-,-,- ,- ,- ,- ,-,-, ,-,-,- 195 390 195 ,-,-,- ,-,,-

51 ,-,-,- ,-,-, ,-,,- ,-,-, ,-,-,- ,- ,- ,- rrr ,,-,- rrr 162 162 130 ,-,-,- ,-,,-

52 ,-,-,- ,- ,- ,- ,-,,- ,-,-, ,-,-,- ,-,-,- r- r-r ,-,-, rrr- 390 520 455 ,-,-,- r- r- r-

53 ,- ,-,- ,- ,- ,- ,-,-,- ,-,-,- ,-,-,- ,-,-,- rr-r ,- ,- ,- rr-r- 390 260 260 ,-,,- ,-,,-

54 r-rr ,- ,- ,- ,- ,- ,- rrr- ,-,-, ,-,-,- ,-,,- ,- ,- ,- ,- ,- ,- 162 260 260 ,-,,- ,- ,- ,-

55 ,,-,- r-r-r ,- ,- ,- ,-,-,- ,-,,- rr-r- ,- ,- ,- ,- ,- ,- ,- ,- ,- 390 520 455 ,-,,- rrr 

56 ,,-, ,-,-,- ,- ,- ,- ,-,-, ,- ,- ,- r-rr ,-,-,- ,- ,- ,- ,-,-,- 162 520 455 ,-,,- ,,-,-

57 ,,-,- ,,-,- ,-,-,- ,- ,- ,- ,-,-,- ,-,-,- rrr rrr ,-,-,- 195 390 195 ,-,,- ,-,,-

58 r-rr- ,- ,- ,- ,- ,- ,- ,-,-, ,- ,- ,- r-rr rrr ,-,-,- ,-,-,- 162 260 260 ,- ,- ,- rr-r 

59 ,,-,- ,-,-,- r-rr ,- ,- ,- ,- ,- ,- ,- ,- ,- ,,-,- ,- ,- ,- ,- ,- ,- 195 162 130 ,-,-,- ,- ,- ,-

60 ,,-,- ,,-,- ,-,-,- ,- ,- ,- ,-,-,- ,-,- ,- ,- ,- ,- ,- ,- ,- ,- ,- ,- 162 162 130 ,-,-,- ,- ,- ,-
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Figure G. Individual Performance in Relative Absolute Error 
of Experiment 1 
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Figure H. Individual Performance in Relative Variable Error 
of Experiment 1 
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Outlying Cases 

Note. The bold case numbers were the identified outlying 
cases. The cases were changed into the next extreme scores 
in each column in the distribution to reduce the influence 
of the outlying cases. 

Column 1: 
Column 2: 
Column 3: 
Column 4: 
Column 5: 
Column 6: 
Column 7: 
Column 8: · 
Column 9: 
Column 10: 
Column 11: 

1 1 1.90 
1 2 1.74 
1 3 -.46 
1 4 . 31 
1 5 2.61 
1 6 . 46 
1 7 1.33 
1 8 . 67 
1 9 . 92 
2 1 5.85 
2 2 . 77 
2 3 3.95 
2 4 4.10 
2 5 1.39 
2 6 -.36 
2 7 . 77 
2 8 -.82 
2 9 6.77 
3 1 2.77 
3 2 3.80 
3 3 2.56 
3 4 5.64 
3 5 -.77 
3 6 . 77 
3 7 -.56 
3 8 .15 
3 9 -3.69 
4 1 5.08 

Experiment 1: Acquisition Trial Block 

Participants Identification Number 
Trial Block 
CE% for Short Exemplar for Experiment 1 
CE% for Medium Exemplar for Experiment 1 
CE% for Long Exemplar for Experiment 1 
VE% for Short Exemplar for Experiment 1 
VE% for Medium Exemplar for Experiment 1 
VE% for Long Exemplar for Experiment 1 
AE% for Short Exemplar for Experiment 1 
AE% for Medium Exemplar for Experiment 1 
AE% for Long Exemplar for Experiment 1 

-1.05 
-1.97 
2.21 

-1.74 
-1.90 
-.28 
2.18 
-.15 
-.16 

.64 
1.85 
2.38 

-2.08 
.72 

-2.33 
-2.36 
-.77 
5.46 

.33 
2.36 
1.67 
2.74 
1.49 
4.08 
1.82 

-2.46 
2.00 
-.08 

-9.49 
-6.08 
-7.55 
-9.08 
-1.76 
-6.19 
-2.90 
-3.28 
-2.27 
-5.85 
-8.97 
-2.70 
-4.76 

.15 
-6.50 

.18 
-5.32 
-5.35 
-5.04 
-7.54 
-7.19 
-.51 

-2.76 
-2.77 
-4.79 
-2.04 
2.42 

-6.19 

6.85 
5.44 
7.20 
6.43 
6.44 
5.42 
4.16 
3.27 
4.72 
8.31 
6.86 

12.21 
8.11 
6.32 
6.49 
5.58 
7.65 
6.74 
6.27 
5.91 
5.25 
8.63 
5.49 
5.02 
4.16 
4.65 
6.82 
6.22 

7.63 
5.44 
7.67 
5.83 
5.57 
6.38 
4.53 
5.00 
8.49 
8.44 
9.47 
7.28 
8.34 
8.19 
4.66 
8.25 
6.68 
8.79 

10.51 
8.83 

11.74 
11.06 

6.12 
7.66 
6.49 

10.18 
9.30 
7.50 

9.77 · 
5.66 
5.70 
6.65 
6.13 
6.72 
6.83 
7.45 
4.46 

11.22 
7.72 

10.69 
11.88 

4.32 
5.06 
8.07 
4.99 
7.27 
8.60 
5.15 
9.21 
6.93 
6.90 
4.80 
6.11 
6.92 
6.00 
6.78 

5.18 
3.80 
4.36 
4.00 
3.95 
3.33 
2.97 
1.90 
3.08 
7.49 
4.05 
9.69 
5.13 
4.97 
4.46 
3.33 
5.64 
6.77 
3.90 
5.03 
4.20 
8.20 
2.62 
3.02 
2.62 
2.82 
6.15 
6.00 

5.92 
4.38 
5.79 
3.95 
3.90 
4.74 
3.10 
3.39 
5.69 
6.69 
6.31 
5.82 
5.61 
6.36 
3.15 
6.56 
4.26 
8.23 
7.51 
6.41 
9.21 
8.18 
4.56 
7.00 
4.69 
5.90 
6.46 
5.10 

12.56 
6.82 
7.55 
9.85 
4.17 
7.73 
5.20 
6.28 
2.27 

10.64 
10.10 

9.24 
9.88 
2.97 
6.81 
6.08 
5.81 
6.96 
8.50 
7.61 
9.81 
5.08 
5.09 
4.67 
6.13 
5.42 
4.19 
7.52 
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4 2 .56 1.36 -7.13 4.92 6.80 7.69 4.05 4.03 9.23 
4 3 .05 -2.44 -7.35 6.19 7.28 7.44 4.56 5.05 8.27 
4 4 -.20 .26 -6.87 3.91 4.81 5.14 1.95 2.87 7.08 
4 5 .26 -3.92 -9.90 3.29 6.10 4.82 2.10 5.82 9.90 
4 6 1.69 -2.95 -5.71 5.09 7.07 5.16 3.95 5.72 6.22 
4 7 1.69 .08 -5.51 8.24 5.86 5.22 5.49 4.49 5.67 
4 8 1.84 -.54 -1.36 3.57 2.61 7.49 2.77 1.36 5.62 
4 9 -1.38 -1.08 -5.61 7.22 6.52 6.89 5.08 4.15 6.61 
5 1 3.44 2.62 -3.97 10.99 9.50 10.70 9. 49 7.33 9.13 
5 2 -.51 .36 -7.22 5.22 5.85 5.74 4.21 3.74 8.09 
5 3 4.56 3.23 -9.09 7.92 7.46 5.33 6.51 6.00 9.09 
5 4 -.26 1.67 -6.74 5.67 9.29 7.41 3.23 6.90 7.90 
5 5 .05 -9.62 -6.19 4.78 7.78 5.62 2.10 10.69 6.40 
5 6 .97 -2.92 -4.88 5.85 6.36 4.57 4.15 5.23 5.58 
5 7 -2.56 -1.26 -6.21 5.61 7.05 4.67 4.31 4.95 6.51 
5 8 .00 -1.36 -7.30 5.54 5.26 4.62 2.98 3.36 7.30 
5 9 -2.92 -1.54 -4.08 5.72 3.66 4.89 2.92 1.69 4.92 
6 1 8.92 -4.49 -9.01 9.99 9.29 11.60 11.08 8.38 13.93 
6 2 7.08 3.41 -6.30 11.01 12.15 7.98 10.15 9.46 7.58 
6 3 3.90 3.57 -5.47 5.44 7.75 8.05 3.90 6.79 7.76 
6 4 5.13 1.61 -4. 53 · 6.44 7.56 7.16 5.54 5.10 6.94 
6 5 9.44 .51 .58 6.21 6.99 7.61 9.44 4.67 5.94 
6 6 1.74 3.36 -3.17 6.55 5.23 9.38 3.59 3.82 8.55 
6 7 1.28 6.67 -3.04 7.25 5.70 7.78 4.46 7.03 6.53 

_6 8 3.02 2.90 -2.81 5.71 7.79 8.01 4.56 6.44 6.91 
6 9 5.54 .54 -5.81 5.64 5.50 5.62 5.54 3.61 5.81 

Experiment 2 : Acquisition Trial Block 

Column 1 : Participants Identification Number 
Column 2 : Trial Block 
Column 3 : CE% for Short Exemplar for Experiment 2 
Column 4: CE% for Medium Exemplar for Experiment 2 
Column 5 : CE% for Long Exemplar for Experiment 2 
Column 6 : VE% for Short Exemplar for Experiment 2 
Column 7 : VE% for Medium Exemplar for Experiment 2 
Column 8 : VE% for Long Exemplar for Experiment 2 
Column 9 : AE% for Short Exemplar for Experiment 2 
Column 10: AE% for Medium Exemplar for Experiment 2 
Column 11: AE% for Long Exemplar for Experiment 2 

1 1 3.64 -1.80 1.95 8.10 6.51 7.36 6.51 4.77 5.00 
1 2 2.36 -.33 -.82 9.21 3.04 3.86 6.77 1.87 2.62 
1 3 2.62 .85 -.95 4.90 4.28 4.95 3.44 2.74 3.72 
1 4 2.62 1.41 -1.37 3.97 6.41 4.11 2.62 4.08 3.19 
1 5 .97 1.64 -1.64 5.15 4.33 4.42 2·. 62 2.56 3.00 
1 6 2.00 -1.79 -3.90 5.49 4.79 3.34 3.33 3.79 4.38 
1 7 .97 -.26 -3.32 2.87 4.04 5.93 1.59 2.31 5.14 
1 8 .51 -2.00 -.96 2.32 2.94 4.31 1.33 2.62 2.76 
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1 9 1.69 .31 -5.69 3.78 3.49 4.90 1.69 2.46 5.69 
2 1 9.13 10.26 -1.87 7.95 9.68 7.81 10.25 10.67 5.74 
2 2 6.92 4.08 -8.54 6.33 7.70 6.84 7.44 5.61 8.62 
2 3 7.95 5.54 .63 6.79 10.93 3.61 7.95 8.67 2.24 
2 4 7.69 4.72 -7.78 6.33 9.62 7.71 7.69 8.97 8.37 
2 5 7.33 3.44 -3.49 8.93 7.45 5.77 9.79 6.92 5.20 
2 6 5.74 3.18 -3.14 6.60 5.47 6.55 7.08 5.03 5.35 
2 7 3.69 .56 1.28 4.67 4.78 9.30 3.69 3.13 7.77 
2 8 6.72 8.82 -5.00 7.19 5.94 7.85 8.05 9.33 7.25 
2 9 14.31 4.61-11.35 3.20 6.32 3.67 14.31 4.61 11.35 
3 1 8.72 4.51 -8.58 8.05 8.05 6.33 8.72 7.49 8.86 
3 2 3. 74 1.10 .49 9.50 8.48 7.50 7.54 6.28 5.26 
3 3 6.77 3.10 -1.44 8.45 10.39 10.97 9.13 8.64 9.46 
3 4 5.85 4.03 .60 6.68 8.99 7.23 5.95 7.62 4.86 
3 5 2.36 4.08 3.40 5.41 6.74 6.93 4.21 5.51 5.30 
3 6 4.00 1.61 1.67 4.45 6.83 9.46 4.20 4.90 7.67 
3 7 5.28 4.00 -3.72 7.54 6.82 4.94 7.13 5.38 4.74 
3 8 3.79 2.69 -2.06 6.40 7.42 8.56 4.72 5.31 6.70 
3 9 6.62 3.39 2.23 5.37 5.02 9.56 6.62 4.77 7.15 
4 1 -2.41 -4.74-10.99 8.74 10.28 10.24 6.72 8.54 14.32 
4 2 3.23 -1.79 -8.26 8.93 7.30 9.29 6.41 6.10 10.23 
4 3 -.97 3.46 -6 ·. 04 6.32 6.53 6.85 3.85 4.59 6.19 
4 4 .46 2.36 -7.45 4.44 10.23 5.51 2.62 7.18 8.19 
4 5 .92 .26 -9.60 4.64 6.99 4.68 2.67 5.13 9.60 
4 6 1.33 -1.13 -6.73 5.09 9.21 5.19 3.08 7.08 6.94 
4 7 1.54 -2.51 -7.44 5.57 3.93 5.59 2.77 3.28 8.05 
4 8 2.15 -1.15 -4.47 5.32 7.37 5.42 3.90 5.31 5.06 
4 9 -1.38 .62 -5.11 3.09 3.27 3.67 1.38 2.31 5.11 
5 1 · 5 .18 .64 -5.36 5.05 6.33 8.30 6.00 4.13 7.49 
5 2 2.51 4.03 -6.94 4.84 6.63 7.46 4.05 5.56 8.04 
5 3 1.18 -.72 -6.53 3.49 8.83 9.39 2.51 5.95 9.40 
5 4 3.03 -1.92 -3.29 5.24 5.66 6.83 3.44 4.69 6.42 
5 5 1.39 -.64 -3.85 2.65 6.15 4.92 1.69 4.49 4.13 
5 6 3.33 -1.44 -2.51 4.64 6.94 7.30 3.33 5.64 6.00 
5 7 .20 -3.33 -4.38 3.91 8.92 6.80 2.05 7.33 6.05 
5 8 -.05 -1.13 -5.13 3.64 5.37 8.00 2.31 3.49 6.82 
5 9 .15 -.92 -8.23 3.54 6.19 7.87 2.00 5.38 8.23 
6 1 9.59 8.74 -1.90 5.16 7.43 8.52 9.59 9.82 7.46 
6 2 7.18 7.95 4.87 5.30 5.81 6.56 7.18 8.41 6.31 
6 3 2.87 6.85 4.85 2.81 5.82 6.80 2.87 6.85 6.62 
6 4 5.64 5.00 7.21 9.20 5.92 7.75 8.31 5.51 9.03 
6 5 1.74 5.05 3.47 4.12 4.34 5.68 2.15 5.51 4.53 
6 6 2.46 1.79 1.97 3.45 2.68 4.32 2.46 1.79 3.56 
6 7 5.75 2.77 2.60 5.72 4.14 4.20 5.75 3.54 3.06 
6 8 4.26 3.74 -1.97 5.29 4.98 6.70 4.46 4.97 5.23 
6 9 3.54 4.54 -.11 4.20 7.98 11.26 3.54 5.92 9.19 



Experiment 1: Transfer Exemplar Block 

Relative Absolute Error 

Column 1: Participants Identification Number 
Column 2: AE% for the Short Exemplar of the Last 15-Trial 

Block of Acquisition 
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Column 3: AE% for the Medium Exemplar of the Last 15-Trial 
Block of Acquisition 

Column 4: AE% for the Long Exemplar of the Last 15-Trial 
Block of Acquisition 

Column 5: AE% for the Near Transfer Exemplar (162.5 cm) 
Column 6: AE% for the Far Transfer Exemplar (195 cm) 
Column 7: AE% for the Far Transfer Exemplar (390 cm) 
Column 8: AE% for the Near Transfer Exemplar (455 cm) 

1 
2 
3 
4 
5 
6 

1.79 
6.05 
4.15 
3.59 
3.13 
5.59 

4.36 
5.56 
7.49 
2.59 
3.38 
6.38 

4.40 
6.36 
5.26 
6.46 
5.81 
5.96 

2.91 
6.85 
5.37 
2.71 
4.76 
6.61 

Relative Variable Error 

3.18 
10.53 

5.51 
2.39 
3.11 
8.38 

6.55 
7.80 
4.51 
5.09 
6.29 
7.32 

6.59 
7.31 
7.60 
8.85 
2.39 
8.13 

Column 1: Participants Identification Number 
Column 2: VE% for the Short Exemplar of the Last 15-Trial 

Block of Acquisition 
Column 3: VE% for the Medium Exemplar of the Last 15-Trial 

Block of Acquisition 
Column 4: VE% for the Long Exemplar of the Last 15-Trial 

Block of Acquisition 
Column 5: VE% for the Near Transfer Exemplar (162.5 cm) 
Column 6: VE% for the Far Transfer Exemplar (195 cm) 
Column 7: VE% for the Far Transfer Exemplar (390 cm) 
Column 8: VE% for the Near Transfer Exemplar (455 cm) 

1 2.93 5.95 6.18 4.15 5.87 8.14 9.00 
2 8.30 7.55 5.68 8.16 9.48 8.14 8.60 
3 5.68 7.55 6.44 5.96 7.23 5.14 8.96 
4 4.85 4.11 7.52 3.85 3.56 6.57 9.07 
5 5.48 5.14 4.94 6.16 3.57 8.02 3.75 
6 6.17 7.12 7.23 5.90 9.48 7.80 10.45 

Relative Constant Error 

Column 1: Participants Identification Number 
Column 2: CE% for the Short Exemplar of the Last 15-Trial 

Block of Acquisition 
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Column 3 : CE% for the Medium Exemplar of the Last 15-Trial 
Block of Acquisition 

Column 4: CE% for the Long Exemplar of the Last 15-Trial 
Block of Acquisition 

Column 5: CE% for the Near Transfer Exemplar (162.5 cm) 
Column 6 : CE% for the Far Transfer Exemplar (195 cm) 
Column 7: CE% for the Far Transfer Exemplar ( 3 90 cm) 
Column 8: CE% for the Near Transfer Exemplar (455 cm) 

1 0.77 0.10 -2.27 2.67 1.81 -1.97 -1.17 
2 0.72 2.44 -5.36 -3.24 3.97 -2.50 -1. 74 
3 -0.77 -2.26 -1.56 -2.09 1.61 4.41 -2.33 
4 1.44 -1.05 -2.72 -1.56 1.91 -4.38 -5.80 
5 -0.15 -1.85 -5.53 2.05 -1.88 -2.36 -1.42 
6 4.05 

Relative 

Column 1: 
Column 2: 

Column 3: 

Column 4: 

Column 3: 
Column 4: 
Column 5: 
Column 6: 
Column 7: 
Column 8: 
Column 9: 

2.44 -2.14 6.61 1.91 4.41 0.16 

Experiment 1: Retention Exemplar Block 

Absolute Error 

Participant Identification Number 
AE% for the Short Exemplar of the Last 15-Trial 

Block of Acquisition 
AE% for the Medium Exemplar of the Last 15-Trial 

Block of Acquisition 
AE% for the Long Exemplar of the Last 15-Trial 

Block of Acquisition 

Column 10: 

AE% for New 48-hr Retention Exemplar (162.5 cm) 
AE% for Old 48-hr Retention Exemplar (260 cm) 
AE% for New 48-hr Retention Exemplar (390 cm) 
AE% for Old 48-hr Retention Exemplar (520 cm) 
AE% for Old 1-week Retention Exemplar (130 cm) 
AE% for New 1-week Retention Exemplar (195 cm) 
AE% for Old 1-week Retention Exemplar (260 cm) 
AE% for New 1-week Retention Exemplar (455 cm) 

1 1.13 2.00 
2 10.56 8.28 
3 
4 
5 

4.97 4.85 
2.97 3.74 
4.15 5.20 

3.81 
8.74 
6.63 
5.15 
6.53 

2.22 2.10 2.97 3.60 3.39 
9.40 9.44 6.97 8.02 5.54 
7.67 5.08 5.64 4.42 5.64 
3.12 6.64 4.46 8.54 3.39 
3.45 4.41 5.90 3.99 4.62 

Relative Variable Error 

4.17 2.49 
4.34 4.20 
6.46 6.90 
4.17 6.26 
4.92 2.44 

Column 1: Participant Identification Number 

4.25 
4.12 
7.47 
7.06 
4.19 

Column 2: VE% for the Short Exemplar of the Last 15-Trial 
Block of Acquisition 

Column 3: VE% for the Medium Exemplar of the Last 15-Trial 
Block of Acquisition 



Column 4: 

Column 3: 
Column 4: 
Column 5: 
Column 6: 
Column 7: 
Column 8: 
Column 9: 
Column 10: 
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VE% for the Long Exemplar of the Last 15-Trial 
Block of Acquisition 

VE% for New 48-hr Retention Exemplar (162.5 cm) 
VE% for Old 48-hr Retention Exemplar (260 cm) 
VE% for New 48-hr Retention Exemplar (390 cm) 
VE% for Old 48-hr Retention Exemplar (520 cm) 
VE% for Old 1-week Retention Exemplar (130 cm) 
VE% for New 1-week Retention Exemplar (195 cm) 
VE% for Old 1-week Retention Exemplar (260 cm) 
VE% for New 1-week Retention Exemplar (455 cm) 

1 
2 
3 
4 
5 

2.21 2.65 3.83 3.18 3.17 
7.49 5.81 7.32 6.20 9.93 
5.66 4.21 8.31 6.30 5.16 
4.89 5.51 4.33 5.25 8 so 
4.48 5.68 7.96 4.53 4.19 

4.09 
8.55 
7.31 

.82 
5.18 

4.17 
4.99 
6.19 
6.55 
4.55 

3.03 
6.69 
5.71 
4.61 
3.51 

1.96 
5.43 
6.78 
5.52 
4.24 

5.19 
6.46 
7.28 
7.79 
3.78 

4.63 
6.12 
9.67 
9.21 
4.66 

Relative Constant Error 

Column 1: 
Column 2: 

Column 3: 

Column 4: 

Column 3: 
Column 4: 
Column 5: 
Column 6: 
Column 7: 
Column 8: 
Column 9: 
Column 10: 

Participant Identification Number 
CE% for the Short Exemplar of the Last 15-Trial 

Block of Acquisition 
CE% for the Medium Exemplar of the Last 15-Trial 

Block of Acquisition 
CE% for the Long Exemplar of the Last 15-Trial 

Block of Acquisition 
CE% for New 48-hr Retention Exemplar (162.5 cm) 
CE% for Old 48-hr Retention Exemplar (260 cm) 
CE% for New 48-hr Retention Exemplar (390 cm) 
CE% for Old 48-hr Retention Exemplar (520 cm) 
CE% for Old 1-week Retention Exemplar (130 cm) 
CE% for New 1-week Retention Exemplar (195 cm) 
CE% for Old 1-week Retention Exemplar (260 cm) 
CE% for New 1-week Retention Exemplar (455 cm) 

1 1.13-0.92-3.71-0.25-1.23-1.68-3.06-0.72-0.27-0.85-4.25 
2 9.23 8.28-6.97 9.39 7.64 4.00-7.77 4.41 3.93 1.79-3.27 
3 4~36 4.28 1.14 7.10 4.00 1.81-0.50 4.10 4.68 3.62-0.38 
4 1.13-1.13-5.15 0.57 1.10-1.79-8.08 0.92-1.71-1.64-2.52 
5 3.95 4.23-1.81 3.45 3.95 5.62 0.83 4.62 4.92 1.41 2.73 

Column 1: 

Column 2: 
Column 3: 

Column 3: 

Memory Representation and Social Validity 

Experiment Group (1 = Experiment 1; 2 = 
Experiment 2) 

Participant Identification Number 
Experimental Phase (1 = Block 9 of Acquisition; 2 

= Memory Representation; 3 = Social Validity) 
CE% for Short Exemplar (130 cm) 
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Column 4 : CE% for Medium Exemplar (260 cm) 
Column 5: CE% for Long Exemplar ( 520 cm) 
Column 6: VE% for Short Exemplar (130 cm) 
Column 7 : VE% for Medium Exemplar ( 260 cm) 
Column 8 : VE% for Long Exemplar (520 cm) 
Column 9: AE% for Short Exemplar (130 cm) 
Column 10: AE% for Medium Exemplar (260 cm) 
Column 11: AE% for Long Exemplar ( 520 cm) 

1 1 1 .92 -.16 -2.27 4.72 8.49 4.46 3.08 5.69 2.27 
1 1 2 1.85 2.54 2.11 3.29 7.69 7.29 2.77 5.92 6.11 
1 1 3 4.31 -.08 -6.42 5.26 12.46 5.37 4.31 8.69 6.42 
1 2 1 6.77 5.46 -5.35 6.74 8.79 7.27 6.77 8.23 6.96 
1 2 2 6.31 2.00 -8.54 41.95 19.84 6.28 33.39 14.00 8.54 
1 2 3 2.92 -.85 -5.04 5.34 1.89 7.85 2.92 .85 6.88 
1 3 1 -3.69 2.00 2.42 6.82 9.30 6.00 6.15 6.46 4.19 
1 3 2 14.46 14.38 -7.31 25.05 4.75 8.01 20.31 14.38 7.31 
1 3 3 -6.77 -8.15-10.89 14.93 6.27 6.87 8.92 8.15 10.89 
1 4 1 -1.38 -1.08 -5.61 7.22 6.52 6.89 5.08 4.15 6.61 
1 4 2 16.62 5.08 -9.04 13.75 7.37 6.80 16.62 5.08 9.04 
1 4 3 -1.38 -7.15 -3.19 3.09 8.20 4.81 1.38 7.15 4.04 
1 5 1 -2.92 -1.54 -4.08 5.72 3.66 4.89 2.92 1.69 4.92 
1 5 2 9.85 11.77 3.31 12.59 12.05 16.95 14.15 11.77 10.69 
1 5 3 -1.39-11.69-14.89 6.54 7.06 6.30 3.54 11.69 14.89 
1 6 1 5.54 .54 -5.81 5.64 5.50 5.62 5.54 3.61 5.81 
1 6 2 2.77 20.23 -8.16 5.82 12.05 5.36 3.08 20.23 8.16 
1 6 3-12.61 -4.54 -5.81 12.05 4.00 3.01 12.61 4.54 5.81 
2 1 1 1.69 . 31 -5.69 3.78 3.49 4.90 1.69 2.46 5.69 
2 1 2 3.54 -2.77 1.73 5.46 4.94 10.31 5.08 2.77 6.96 
2 1 3 .00 -.85 -7.08 .00 1.89 9.09 .00 .85 9.39 
2 2 1 14.31 4.61-11.35 3.20 6.32 3.67 14.31 4.61 11.35 
2 2 2 15.23 10.77 -3.54 5.31 13.71 8.82 15.23 12.31 7.08 
2 2 3 6.46 .77-10.96 6.40 6.81 8.32 6.46 4.15 10.96 
2 3 1 6.62 3.39 2.23 5.37 5.02 9.56 6.62 4.77 7.15 
2 3 2 11.08 15.38 3.81 6.66 9.82 9.58 11.08 15.38 8.04 
2 3 3 -.46 -.93 -6.00 16.28 11.18 8.65 12.16 8.15 6.00 
2 4 1 -1.38 .62 -5.11 3.09 3.27 3.67 1.38 2.31 5.11 
2 4 2 3.08 -4.54-14.54 2.88 4.99 5.14 3.08 4.54 14.54 
2 4 3 -.77 -2.85-12.81 4.28 4.01 3.22 2.92 3.77 12.81 
2 5 1 .15 -.92 -8.23 3.54 6.19 7.87 2.00 5.38 8.23 
2 5 2 .46 .00 -8.38 4.27 7.58 4.92 2.62 4.92 8.38 
2 5 3 -1.54 -.85 -8.19 3.44 1.89 5.47 1.54 .85 8.19 
2 6 1 3.54 4.54 -.11 4.20 7.98 11.26 3.54 5.92 9.19 
2 6 2 5.08 9.31 -.54 8.85 8.15 8.08 5.08 9.31 6.08 
2 6 3 1.54 .31 -4.65 4.83 2.33 5.63 2.46 1.38 4.65 



APPENDIX J 

RM ANOVA SUMMARY TABLE FOR ACQUISITION RELATIVE 

ABSOLUTE ERROR OF EXPERIMENT 1 
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Table J 

RM ANOVA Summary Table for Acquisition Relative Absolute 

Error of Experiment 1 

Source F 

Exemplar 2 154.22 77.11 17.72 .0005* 

Error 10 43.52 4.35 

Block 8 149.34 18.67 7.08 .0000* 

Error 40 105.53 2.64 

Exemplar X- Block 16 33.73 2.11 .85 .6240 

Error 80 197.89 2.47 

Note. N = 6. The significant level originally set was£< 

.OS, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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Table K 

Mean and Standard Deviations for Acquisition Relative 

Absolute Error of Experiment 1 

Exemplar 

Block 

202 

Short (130 cm) Medium (260 cm) Long ( 52 O cm) 

1 6.96 2.35 6.82 1.18 9.14 0.98 

2 5.14 2.27 5.72 2.16 8.21 1.15 

3 5.54 2.24 6.44 1.46 8.62 0.90 

4 4.68 2.16 5.44 1.93 7.79 1.85 

5 4.20 2.81 5.80 2.01 5.75 2.38 

6 3.75 0.54 4.94 1.37 6.59 1.42 

7 3.86 1.08 5.14 1.44 6.02 0.51 

8 3.45 1.38 4.12 1.86 6.22 0.75 

9 4.92 1.60 4.97 2.31 5.24 1.52 
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Table L 

Tukey WSD Post Hoc Mean Comparisons for Trial Block on 

Acquisition Relative Absolute Error of Experiment 1 

Trial Block 

1 2 3 4 5 6 7 8 

204 

9 

M 7.64 6.36 6.87 5.97 5.25 5.10 5.01 4.60 5.05 

1 1.29 .77 1.67 2.40* 2.55* 2.63* 3.05* 2.59* 

2 -.51 .39 1.11 1.26 1. 35 1.76 1.31 

3 .90 1.62 1.77 1.86* 2.27* 1.82* 

4 .72 .87 .96 1.37 .92 

5 .15 .24 .65 .20 

6 .09 .05 .05 

7 . 41 -.04 

8 -.45 

9 

Note . *12. < . 0 5 . 
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POST HOC TEST FOR EXEMPLAR MAIN EFFECT 

ON ACQUISITION RELATIVE ABSOLUTE 

ERROR OF EXPERIMENT 1 
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Table M 

Tukey WSD Post Hoc Mean Comparisons for Exemplar on 

Acquisition Relative Absolute Error of Experiment 1 

Short 4.72 

Medium 5.49 

Long 7.06 

Short (130 cm) 

4.72 

Note. *!2 < . 05. 

Exemplar 

Medium (260 cm) 

5.49 

-.77 

Long ( 520 cm) 

7.06 

-2.34* 

-1.58* 
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RM ANOVA SUMMARY TABLE FOR ACQUISITION RELATIVE 

VARIABLE ERROR OF EXPERIMENT 1 
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Table N 

RM ANOVA Summary Table for ' Acguisition Variable Error of 

Experiment 1 

Source F 

Exemplar 2 36.98 18.49 4.51 .0401 

Error 10 40.98 4.10 

Block 8 111.17 13.80 5.44 .0001* 

Error 40 102.25 2.56 

Exemplar X Block 16 12.96 .81 .49 .9466 

Error 80 133.01 1.66 

Note. N = 6. The significant level originally set was 2 < 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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VARIABLE ERROR OF EXPERIMENT 1 
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Table 0 

Mean and Standard Deviations for Acquisition Relative 

Variable Error of Experiment 1 

Exemplar 

Block 

210 

Short (130 cm) Medium (260 cm) Long (520 cm) 

1 7.49 1.16 8.81 1.17 9.54 1.58 

2 6.16 1.39 7.82 2.08 6.66 1.27 

3 6.77 1.37 7.99 1.25 7.74 2.05 

4 6.53 1.70 7.72 2.13 7.33 1.83 

5 5.42 1.22 6.79 1.04 5.90 1.24 

6 5.74 .67 6.23 1.12 5.95 1.84 

7 5.83 1.64 6.31 1.27 6.45 1.37 

8 5.07 1.61 6.43 2.33 6.58 1.42 

9 6.14 .94 7.04 2.21 6.89 2.05 
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POST HOC TEST FOR TRIAL BLOCK MAIN EFFECT 

ON ACQUISITION RELATIVE VARIABLE 

ERROR OF EXPERIMENT 1 
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Table P 

Tukey WSD Post Hoc Mean Comparisons for Trial Block on 

Acquisition Relative Variable Error of Experiment 1 

Trial Block 

1 2 3 4 5 6 7 8 

212 

9 

M 8.61 6.88 7.50 7.20 6.04 5.97 6.19 6.02 6.69 

1 1.73 1.11 1.42 2.57* 2.64* 2.41* 2.59* 1.92* 

2 -.62 -.32 .84 .91 .68 .85 .19 

3 . 31 1.46 1.53 1.30 1.48 .81 

4 1.58 1.24 1.00 1.17 .50 

5 .07 -.16 .01 -.66 

6 -.23 -.05 -.07 

7 .17 -.50 

8 -.67 

9 

Note. *p < . O 5 . 



APPENDIX Q 

RM ANOVA SUMMARY TABLE FOR ACQUISITION RELATIVE 

CONSTANT ERROR OF EXPERIMENT 1 
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Table Q 

RM ANOVA Summary Table for Acquisition Relative Constant 

Error of Experiment 1 

Source 

Exemplar 2 1387.42 693.71 130.58 .0000* 

Error 10 53.13 5.32 

Block 8 7.99 .99 0.14 .9964 

Error 40 276.20 6.91 

Exemplar X Block 16 217.46 13.59 3.43 .0001* 

Error 80 317.29 3.97 

Note. N = 6. The significant level originally set was 2 < 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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DESCRIPTIVE STATISTICS FOR ACQUISITION RELATIVE 

CONSTANT ERROR OF EXPERIMENT 1 
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Table R 

Mean and Standard Deviations for Acquisition Relative 

Constant Error of Experiment 1 

Exemplar 

Block 

216 

Short (130 cm) Medium (260 cm) Long ( 5 2 0 cm) 

1 4.35 1.98 -.34 2.36 -6.59 2.20 

2 2.24 2.78 1.23 1.87 -7.21 1.03 

3 2.43 2.15 1.77 2.18 -6.56 2.21 

4 2.45 2.79 .41 1.96 -5.42 2.92 

5 1.77 2.85 -1.27 2.55 -3.31 4.04 

6 .88 .79 -.17 3.18 -4.87 1.58 

7 .33 1.62 .99 2.80 -3.71 2.32 

8 .81 1.39 -.40 1.80 -3.69 2.23 

9 .87 4.40 .87 2.57 -3.76 2.50 
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POST HOC TEST FOR EXEMPLAR BLOCK MAIN EFFECT 

ON TRANSFER RELATIVE ABSOLUTE 

ERROR OF EXPERIMENT 1 
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Table S 

Tukey WSD Post Hoc Mean Comparisons for Exemplar Block on 

Transfer Relative Absolute Error of Experiment 1 

130 

260 

520 

162.5 

195 

390 

455 

130 

4.05 

260 

4.96 

.91 

Note. *Q < .05. 

520 

5.85 

1.80* 

.89 

Exemplar Block 

162.5 

4.87 

.82 

-.09 

-.98 

195 

5.15 

1.10 

.19 

-.34 

.64 

390 

6.26 

2.21* 

1.30* 

.41 

1.39* 

1.11 

455 

7.51 

3.46* 

2.55* 

1.66* 

2.64* 

2.36* 

1.25* 
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POST HOC TEST FOR EXEMPLAR BLOCK MAIN EFFECT 

ON TRANSFER RELATIVE VARIABLE 

ERROR OF EXPERIMENT 1 
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Table T 

Tukey WSD Post Hoc Mean Comparisons for Exemplar Block on 

Transfer Relative Variable Error of Experiment 1 

130 

260 

520 

162.5 

195 

390 

455 

130 

5.53 

260 

6.24 

.71 

Note . *12 < . O 5 . 

520 

6.33 

.80 

.09 

Exemplar Block 

162.5 

5.36 

-.17 

-.88 

-.97 

195 

6.53 

1.00 

.29 

.20 

1.17* 

390 

7.30 

1.77* 

1.06 

.97 

1.94* 

.77 

455 

9.11 

3.58* 

2.87* 

2.78* 

3.75* 

2.58* 

1.81* 
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POST HOC TEST FOR EXEMPLAR BLOCK MAIN EFFECT 

ON TRANSFER RELATIVE VARIABLE 

ERROR OF EXPERIMENT 1 
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Table U 

Tukey WSD Post Hoc Mean Comparisons for Exemplar Block on 

Transfer Relative Constant Error of Experiment 1 

130 

260 

520 

162.5 

195 

390 

455 

130 

.57 

260 

-.03 

-.03 

Note. *:Q < • 0 5. 

520 

-3.26 

-3.83* 

-3.23* 

Exemplar Block 

162.5 

.08 

- . 49 

.11 

3.34* 

195 

1.21 

.64 

1.24 

4.47* 

1.13 

390 

-.40 

-.97 

-.37 

2.86* 

-.48 

-1.61 

455 

-1.46 

-2.03* 

-1.43 

1.80* 

-1.54 

-2.67* 

-1.06 
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INDIVIDUAL PERFORMANCE IN RELATIVE ABSOLUTE ERROR 
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Figure V. Individual Performance in Relative Absolute Error 
of Experiment 2 
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INDIVIDUAL PERFORMANCE IN RELATIVE VARIABLE ERROR 

OF EXPERIMENT 2 
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Figure W. Individual Performance in Relative Variable Error 
of Experiment 2 
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RM ANOVA SUMMARY TABLE FOR ACQUISITION RELATIVE 

ABSOLUTE ERROR OF EXPERIMENT 2 
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Table X 

RM ANOVA Summary Table for Acquisition Relative Absolute 

Error of Experiment 2 

Source F 

Exemplar 2 58.52 29.26 2.79 .1530 

Error 10 104.84 10.48 

Block 8 148.31 18.54 4.99 .0113* 

Error 40 148.49 3.71 

Exemplar X Block 16 48.57 3.04 1.24 .2889 

Error 80 196.39 2.45 

Note. N = 6. The significant level originally set was n < 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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DESCRIPTIVE STATISTICS FOR ACQUISITION RELATIVE 

ABSOLUTE ERROR OF EXPERIMENT 2 
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Table Y 

Mean and Standard Deviations for Acquisition Relative 

Absolute Error of Experiment 2 

Exemplar 

Block 

230 

Short (130 cm) Medium (260 cm) Long (520 cm) 

1 7.97 1.79 7.57 2.66 7.65 2.78 

2 6.57 1.30 5.64 2.12 6.85 2.71 

3 4.96 2.84 6.24 2.33 6.27 2.93 

4 5.11 2.56 6.34 1.89 6.68 2.29 

5 3.86 3.03 5.02 1.44 5.29 2.67 

6 3.91 1.65 4.71 1.79 5.65 1.55 

7 3.83· 2.19 4.16 1.85 5.80 1.90 

8 4.13 2.33 5.17 2.31 5.63 1.67 

9 4.25 3.52 4.24 1.51 7.79 2.32 



APPENDIX Z 

POST HOC TEST FOR TRIAL BLOCK MAIN EFFECT ON ACQUISITION 

RELATIVE ABSOLUTE ERROR OF EXPERIMENT 2 
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Table Z 

Tukey WSD Post Hoc Mean Comparisons for Trial Block on 

Acquisition Relative Absolute Error of Experiment 2 

Trial Block 

1 2 3 4 5 6 7 8 

232 

9 

M 7.73 6.35 5.82 6.04 4.72 4.76 4.60 4.98 4.72 

1 1.38 1.91 1.69 3.01* 2.97* 3.13* 2.75* 3.01* 

2 .53 . 31 1.63 1.59 1.75 1.37 1.63 

3 -.22 1.10 1.06 1.22 .84 1.10 

4 1.32 1.28 1.44 1.06 1.32 

5 -.04 .12 -.26 .00 

6 .16 -.22 .04 

7 -.38 -.12 

8 -.26 

9 

Note. *£ < • OS. 
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RM ANOVA SUMMARY TABLE FOR ACQUISITION RELATIVE 

VARIABLE ERROR OF EXPERIMENT 2 
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Table AA 

RM ANOVA Summary Table for Acquisition Relative Variable 

Error of Experiment 2 

Source 

Exemplar 2 38.18 19.19 3.30 .0793 

Error 10 57.83 5.78 

Block 8 102.46 12.81 3.63 .0029* 

Error 40 141.12 3.53 

Exemplar X Block 16 41.39 2.59 1.18 .2987 

Error 80 174.76 2.18 

Note. N = 6. The significant level originally set was£< 

.OS, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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DESCRIPTIVE STATISTICS FOR ACQUISITION RELATIVE 

VARIABLE ERROR OF EXPERIMENT 2 
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Table BB 

Mean and Standard Deviations for Acquisition Relative 

Variable Error of Experiment 2 

Exemplar 

Block 

236 

Short (130 cm) Medium (260 cm) Long ( 52 O cm) 

1 7.18 1.63 8.09 1.63 7.77 1.31 

2 7.35 2.10 6.49 1.92 6.92 1.77 

3 5.46 2.13 7.80 2.66 7.10 2.73 

4 5.58 1.89 7.81 2.03 6.52 1.44 

5 5.51 2.09 6.00 1.36 5.40 .92 

6 4.95 1.06 5.99 2.22 6.03 2.21 

7 5.05 1.62 5.44 2.02 6.13 1.79 

8 5.03 1.79 5.67 1.68 6.81 1.66 

9 3.86 .84 5.38 1.81 6.82 3.22 
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POST HOC TEST FOR TRIAL BLOCK MAIN EFFECT ON 

ACQUISITION RELATIVE VARIABLE 

ERROR OF EXPERIMENT 2 
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Table CC 

Tukey WSD Post Hoc Mean ·Comparisons for Trial Block on 

Acquisition Relative Variable Error of Experiment 2 

Trial Block 

1 2 3 4 5 6 7 8 

238 

9 

M 7.77 6.92 6.78 6.63 5.64 5.66 5.54 5.83 5.35 

1 .85 .99 1.14 2.13* 2.11* 2.23* 1.94 2.42* 

2 .14 .29 1.28 1.26 1.38 1.09 1.57 

3 .15 1.14 1.12 1.24 .95 1.43 

4 .99 .97 1.09 .08 1.28 

5 -.02 .10 -.19 .29 

6 .12 .17 . 31 

7 -.29 .19 

8 .48 

9 

Note. *.Q < . O 5 . 
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RM ANOVA SUMMARY TABLE FOR ACQUISITION RELATIVE 

CONSTANT ERROR OF EXPERIMENT 2 
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Table DD 

RM ANOVA Summary Table for Acquisition Relative Constant 

Error of Experiment 2 

Source F 

Exemplar 2 1222.91 611.45 20.95 .0003* 

Error 10 291.92 29.19 

Block 8 47.93 5.99 1.07 .3888 

Error 40 223.75 5.59 

Exemplar X Block 16 112.24 7.01 1.29 .2265 

Error 80 436.20 5.45 

Note. N = 6. The significant level originally set was£< 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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Table EE 

Mean and Standard Deviations for Acquisition Relative 

Constant Error of Experiment 2 

Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Short (130 cm) 

M 

5.64 4.61 

4.32 2.17 

3.43 3.38 

4.22 2.64 

2.45 2.45 

3.14 1.59 

2.91 2.34 

2.90 2.54 

3.37 4.12 

Exemplar 

Medium (260 cm) 

M 

2.94 5.94 

2.51 3.55 

3.18 2.82 

2.60 2.62 

2.31 2.25 

. 37 2.08 

.21 2.87 

1.83 4.14 

2.09 2.38 

Long (520 cm) 

M 

-4.46 4.79 

-3.20 5.22 

-1.58 4.27 

-2.01 5.60 

-1.95 4.95 

-2.11 3.37 

-2.50 3.75 

-3.27 1.81 

-4.71 5.04 



APPENDIX FF 

POST HOC TEST FOR EXEMPLAR MAIN EFFECT ON 

ACQUISITION RELATIVE CONSTANT 

ERROR OF EXPERIMENT 2 
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Table FF 

Tukey WSD Post Hoc Mean Comparisons for Exemplar on 

Acquisition Relative Constant Error of Experiment 2 

Short 3.60 

Medium 2.00 

Long -2.87 

Short (130 cm) 

3.60 

Note. *2 < • 0 5 . 

Exemplar 

Medium (260 cm) 

2.00 

1.59 

Long ( 52 0 cm) 

-2.87 

6.46* 

4.87* 
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RM ANOVA SUMMARY TABLE FOR RETENTION RELATIVE 

ABSOLUTE ERROR OF EXPERIMENT 2 
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Table GG 

RM ANOVA Summary Table for Retention Relative Absolute Error 

of Experiment 2 

Source 

Block 

Error 

10 

40 

25.68 

78.86 

2.57 

1.97 

F 

1.30 .3198 

Note. N = 5. The significant level originally set was~< 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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RM ANOVA SUMMARY TABLE FOR RETENTION RELATIVE 

VARIABLE ERROR OF EXPERIMENT 2 
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Table HH 

RM ANOVA Summary Table for Retention Relative Variable Error 

of Experiment 2 

Source 

Block 

Error 

10 

40 

22.78 

62.99 

2.29 

1.57 

E 

1.45 .2782 

Note. N = 5. The significant level originally set was 2 < 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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RM ANOVA SUMMARY TABLE FOR RETENTION RELATIVE 

CONSTANT ERROR OF EXPERIMENT 2 
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Table II 

RM ANOVA Summary Table for Retention Relative Constant Error 

of Experiment 2 

Source 

Block 

Error 

10 

40 

384.98 

182.36 

38.50 

4.56 

.E 

8.44 .0173 

Note. N = 5. The significant level originally set was 2 < 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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ANOVA SUMMARY TABLE FOR RELATIVE ABSOLUTE ERROR 

OF MEMORY REPRESENTATION AND SOCIAL VALIDITY 
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Table JJ 

ANOVA Summary Table for Relative Absolute Error 

Source TSQ F 

Group ( G) 1, 10 66.08 66.08 1.65 .2275 

Phase ( p) 28.21 2 I 9 416.52 208.26 12.69 .0024* 

Exemplar (E) 2.43 2 I 9 26.85 13.42 1.09 .3757 

G X p 7.48 2 I 9 90.40 45.20 3.37 .0810 

G X E 5.81 2 I 9 98.54 49.27 2.61 .1274 

p X E 10.18 4, 7 133.38 33.35 1.78 .2370 

G X p X E 1.77 4, 7 48.37 12.09 .31 .8633 

Note. N = 12. The significant level originally set was£< 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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POST HOC TEST FOR PHASE BLOCK MAIN EFFECT 

FOR RELATIVE CONSTANT ERROR OF MEMORY 

REPRESENTATION AND SOCIAL VALIDITY 
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Table KK 

Tukey WSD Post Hoc Mean Comparison for Experimental Phase 

Block on Relative Absolute Error 

Acquisition 

Memory 

Social 

Experimental Phase Block 

Acquisition 

5.33 

Memory 

9.83 

4.51* 

Social 

6.12 

.79 

3.71* 

Note. *2 < .05. Acquisition= Acquisition Phase; Memory= 

Memory Representation Phase; Social= Social Validity Phase. 
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ANOVA SUMMARY TABLE FOR RELATIVE VARIABLE ERROR OF 

MEMORY REPRESENTATION AND SOCIAL VALIDITY 
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Table LL 

ANOVA Summary Table for Relative Variable Error 

Source TSQ F 

Group ( G) 1, 10 139.79 139.79 3.91 .0761 

Phase ( P) 10.56 2' 9 308.83 154.41 4.75 .0391 

Exemplar (E) .60 2, 9 13.77 6.89 .27 .7678 

G X p 2.64 2' 9 89.93 44.98 1.19 .3489 

G X E 8.63 2, 9 147.70 73.85 3.88 .0609 

p X E 3.08 4' 7 70.01 17.50 .54 .7122 

G X p X E 4.95 4' 7 91.83 22.96 .87 .5288 

Note. N = 12. The significant level originally set was 2 < 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures (.05/3 = .0167). 
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ANOVA SUMMARY TABLE FOR RELATIVE VARIABLE ERROR OF 

MEMORY REPRESENTATION AND SOCIAL VALIDITY 
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Table MM 

ANOVA Summary Table for Relative Constant Error 

Source TSQ 

Group ( G) 1, 10 7.87 7.87 .15 .7083 

Phase ( p) 22.90 2 I 9 997.63 498.82 10.31 .0047* 

Exemplar ( E) 55.14 2, 9 1500.85 750.42 24.81 .0002* 

G X p 1.80 2, 9 92.47 46.23 .18 .4756 

G X E .42 2' 9 13.80 6.90 .19 .8311 

p X E 10.31 4, 7 159.21 39.80 1.80 .2325 

G X p X E 12.28 4, 7 110.61 27.65 2.15 .1774 

Note. N = 12. The significant level originally set was n < 

.05, however, Bonferoni technique was used to prevent Type I 

error, because there were three separate tests for each of 

the dependent measures ( . 05/3 = .0167). 
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ANOVA SUMMARY TABLE FOR RELATIVE CONSTANT ERROR OF 
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Table NN 

Tukey WSD Post Hoc Mean Comparison for the Experimental 

Phase Block on Relative Constant Error 

Acquisition 

Memory 

Social 

Experimental Phase Block 

Acquisition 

-.03 

Memory 

3.48 

3.51 

Social 

-3.96 

-3.93* 

-7.44* 

Note. *£ < .05. Acquisition= Acquisition Phase; Memory= 

Memory Representation Phase; Social= Social Validity Phase. 
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Column 1: 

Column 2 : 

Column 3 : 

Column 4: 

Column 5 : 

Column 7 : 

Column 8 : 

Column 9: 

Acquisition Data 

Participant Identification Number 

Trial 

Short Exemplar (130 cm) for Experiment 1 . 

Medium Exemplar (260 cm) for Experiment 1 

Long Exemplar (520 cm) for Experiment 1 

Short Exemplar (130 cm) for Experiment 2 

Medium Exemplar (260 cm) for Experiment 2 

Long Exemplar (520 cm) for Experiment 3 
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1 1 15 0 -91 8 14 0 
1 2 0 -28 -51 0 14 20 
1 3 3 -30 -54 21 -11 0 
1 4 0 14 -59 11 -52 0 
1 5 -6 -38 -33 -15 -9 19 
1 6 8 0 -44 0 -21 22 
1 7 -20 19 -40 0 10 2 
1 8 -1 12 -90 -4 5 -100 
1 9 0 -20 100 0 -10 49 
1 10 8 25 20 -9 10 33 
1 11 -5 18 -99 7 -11 30 
1 12 9 6 -80 11 0 75 
1 13 8 -20 -70 5 -3 -1 
1 14 15 1 -80 11 5 21 
1 15 3 0 -69 25 -11 -18 
1 16 -6 -8 -80 9 0 0 
1 17 0 -21 -71 4 -10 10 
1 18 11 -33 3 -26 -13 0 
1 19 0 12 -41 -3 0 3 
1 20 -3 -3 -3 -5 -11 4 
1 21 0 -10 26 11 0 -30 
1 22 0 -11 -41 8 3 11 
1 23 2 0 -3 0 0 12 
1 24 -11 10 -30 22 0 10 
1 25 10 7 -40 0 9 -50 
1 26 3 -29 -14 22 0 0 
1 27 16 0 -30 0 0 20 
1 28 0 9 -62 10 0 -18 
1 29 1 9 -56 3 -9 -36 
1 30 11 -9 -32 -9 18 0 
1 31 -22 0 -58 10 0 -51 
1 32 7 -1 -21 -8 0 18 
1 33 0 -31 -28 0 -27 10 
1 34 0 0 -9 0 -2 0 
1 35 -6 -19 -80 0 24 -4 
1 36 0 9 -14 1 10 10 
1 37 0 39 -7 5 9 -10 
1 38 -7 9 -32 0 9 -44 
1 39 0 -9 0 8 0 -43 
1 40 -9 10 -22 0 0 0 
1 41 21 37 -80 0 0 0 
1 42 -3 19 -27 20 11 20 
1 43 0 33 -50 8 -8 20 
1 44 1 -3 -77 4 7 30 
1 45 9 -7 -84 3 0 -30 
1 46 -22 -20 -21 9 -26 0 
1 47 8 0 -92 0 0 -2 
1 48 0 -16 30 0 0 -11 
1 49 -7 17 -53 0 0 19 
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1 50 0 -37 0 2 19 -42 
1 51 -7 0 -59 0 7 9 
1 52 0 0 -73 0 49 -24 
1 53 10 0 -99 7 11 22 
1 54 12 9 -53 7 0 0 
1 55 0 -3 -28 6 11 10 
1 56 0 -28 -37 0 -7 -31 
1 57 0 17 -56 18 10 -21 
1 58 0 -7 -86 0 -4 -47 
1 59 9 0 -31 0 -1 5 
1 60 3 0 -so 2 -14 6 
1 61 -13 -18 -44 0 0 -8 
1 62 24 -31 50 3 24 24 
1 63 0 0 0 -10 7 0 
1 64 0 0 0 0 0 9 
1 65 12 -6 5 19 0 0 
1 66 0 0 6 0 0 1 
1 67 0 -8 -54 1 -1 -71 
1 68 0 0 0 -6 32 -23 
1 69 8 -9 -59 0 -3 -9 
1 70 0 -27 30 0 0 0 
1 71 11 -3 -1 0 7 19 
1 72 0 30 -6 0 12 -7 
1 73 9 0 -7 0 0 -14 
1 74 0 9 3 12 0 -12 
1 75 0 -11 -60 0 -14 -37 
1 76 -16 -29 -69 0 -11 -29 
1 77 16 11 -3 13 -18 -24 
1 78 0 0 0 -9 -7 -37 
1 79 3 0 -11 6 11 0 
1 80 -2 10 9 -4 -10 9 
1 81 -9 -22 -54 21 2 -14 
1 82 -1 6 -62 6 -8 -30 
1 83 0 0 -37 0 -22 -2 
1 84 2 8 -53 0 0 -20 
1 85 0 7 -41 0 -19 -24 
1 86 5 12 -78 6 26 -30 
1 87 4 -29 -56 0 -14 -32 
1 88 0 -18 -32 0 0 -49 
1 89 0 29 51 0 0 10 
1 90 7 4 -47 0 0 -32 
1 91 2 0 -4 0 0 0 
1 92 0 11 0 -4 0 -2 
1 93 9 0 -62 0 -17 so 
1 94 1 -18 -14 7 -5 -6 
1 95 1 9 -32 0 30 12 
1 96 0 0 0 0 0 0 
1 97 -8 9 -so 10 0 -43 
1 98 0 1 -2 0 -2 -52 



265 

1 99 10 8 -44 7 -10 -51 
1 100 0 38 90 -2 -10 -24 
1 101 3 3 -24 0 0 -14 
1 102 9 0 0 0 10 -60 
1 103 -8 14 -40 0 -6 9 
1 104 7 0 -34 1 0 -54 
1 105 0 10 -10 0 0 -24 
1 106 0 -24 -68 0 -4 0 
1 107 -9 12 14 0 -11 13 
1 108 10 0 20 -7 -20 52 
1 109 0 0 -54 -1 9 0 
1 110 3 0 -50 7 -12 1 
1 111 0 -12 -40 4 0 -3 
1 112 0 23 19 0 0 0 
1 113 1 8 0 0 0 -19 
1 114 7 8 0 0 1 4 
1 115 4 0 5 3 -13 -17 
1 116 0 -4 59 1 2 -24 
1 117 0 0 -30 0 -1 -54 
1 118 0 -3 -2 3 -8 -13 
1 119 0 -26 -59 0 -12 -1 
1 120 -3 12 -70 0 -9 -14 
1 121 10 -8 -53 0 -13 -11 
1 122 3 -30 0 0 -1 -64 
1 123 0 0 -6 11 9 -49 
1 124 0 5 0 0 9 -6 
1 125 -7 31 0 0 0 -18 
2 1 11 9 -100 20 50 -70 
2 2 4 -3 -38 10 49 30 
2 3 12 -21 -20 11 -5 0 
2 4 -2 -21 -44 9 55 39 
2 5 -1 -20 98 11 55 -8 
2 6 8 12 -18 24 50 3 
2 7 21 10 -98 2 0 -12 
2 8 10 14 -68 0 50 -13 
2 9 0 -13 28 20 0 14 
2 10 9 1 -82 20 40 35 
2 11 3 23 -8 20 0 -53 
2 12 26 -32 22 26 -3 0 
2 13 0 22 -77 16 19 30 
2 14 26 -8 39 -3 0 -100 
2 15 -13 52 -90 -8 40 -41 
2 16 5 -13 -12 9 11 -101 
2 17 0 -12 -70 0 52 -97 
2 18 7 -3 -77 11 9 0 
2 19 -6 0 44 0 0 -9 
2 20 0 -8 -32 2 -15 -46 
2 21 13 -2 -49 13 1 -60 
2 22 0 0 -92 -5 31 -64 



266 

2 23 7 9 0 12 3 -77 
2 24 0 -11 -99 19 52 -36 
2 25 0 0 -69 0 -13 0 
2 26 -26 49 -47 5 9 -55 
2 27 5 -38 -18 18 13 -81 
2 28 0 49 -27 18 0 -26 
2 29 0 44 -53 12 -2 -17 
2 30 10 8 -99 21 8 3 
2 31 0 -9 -69 0 -9 -48 
2 32 18 0 -30 14 9 0 
2 33 0 11 -41 0 44 0 
2 34 -7 1 -42 12 12 0 
2 35 8 47 39 0 52 0 
2 36 -26 28 -19 0 -48 20 
2 37 0 -31 -80 12 0 24 
2 38 25 10 -90 16 -4 26 
2 39 -23 -8 89 2 3 30 
2 40 0 22 90 11 1 3 
2 41 26 -19 34 26 52 -4 
2 42 11 11 -51 8 40 0 
2 43 20 8 3 11 12 9 
2 44 4 11 -24 26 52 -11 
2 45 21 11 -20 17 0 0 
2 46 -8 0 100 14 9 -99 
2 47 0 -7 -20 19 -40 -24 
2 48 0 0 -90 20 21 -19 
2 49 0 -17 -70 7 18 3 
2 50 0 -3 -2 17 0 -10 
2 51 20 1 0 15 40 -94 
2 52 26 -52 -18 3 10 -87 
2 53 10 -7 -20 0 -17 -61 
2 54 -2 -13 -91 4 30 -46 
2 55 0 -21 100 26 31 -20 
2 56 0 0 -74 11 -7 0 
2 57 26 6 -14 5 32 -49 
2 58 0 16 -100 9 -19 20 
2 59 8 -30 -67 0 52 -102 
2 60 0 46 -5 0 24 -19 
2 61 10 -4 -1 12 -10 7 
2 62 6 0 -14 14 30 0 
2 63 -5 -26 -8 0 . 11 -11 
2 64 0 -11 18 13 -32 -57 
2 65 16 -4 20 20 -7 -6 
2 66 -8 -29 10 19 27 -14 
2 67 0 18 0 19 -9 -25 
2 68 5 31 -9 7 31 -49 
2 69 10 0 0 5 19 -49 
2 70 0 31 31 20 10 -44 
2 71 4 21 -17 0 37 -20 



267 

2 72 -13 -36 24 7 20 19 
2 73 -9 24 -61 20 6 41 
2 74 0 0 0 11 11 0 
2 75 11 13 19 -24 -10 -64 
2 76 -12 0 -34 7 -3 -23 
2 77 -9 -23 -59 11 -23 46 
2 78 -8 -11 0 -13 0 6 
2 79 3 -2 -39 2 24 -11 
2 80 0 0 -63 15 12 -51 
2 81 1 0 -60 6 29 -54 
2 82 2 0 -57 2 21 -12 
2 83 19 -4 0 0 13 2 
2 84 -8 0 2 16 0 0 
2 85 2 16 -22 15 -10 -46 
2 86 0 -20 -49 0 22 10 
2 87 0 -33 -29 7 10 -54 
2 88 0 -14 -66 22 19 -80 
2 89 -10 0 10 12 0 12 
2 90 13 0 -41 10 10 10 
2 91 -9 -21 -56 0 0 -40 
2 92 0 -30 -54 12 0 -51 
2 93 3 3 40 5 0 64 
2 94 3 -40 80 0 -10 -24 
2 95 -16 -30 -8 21 0 -56 
2 96 10 0 -10 10 0 30 
2 97 0 0 14 0 -17 -82 
2 98 0 -20 73 2 0 9 
2 99 0 -6 10 0 -14 69 
2 100 10 3 -8 0 31 56 
2 101 0 19 24 0 -9 3 
2 102 0 10 3 4 14 64 
2 103 0 38 -49 8 0 36 
2 104 0 9 -3 2 16 20 
2 105 14 -27 -42 8 11 2 
2 106 3 -19 -34 18 38 -19 
2 107 -2 -23 1 0 24 -57 
2 108 -9 -3 -33 4 -10 -84 
2 109 12 -10 -12 11 7 9 
2 110 10 1 -58 11 22 10 
2 111 0 0 -43 7 37 -15 
2 112 11 0 -49 15 8 -85 
2 113 0 -30 -33 20 16 2 
2 114 11 0 0 -7 23 -73 
2 115 -7 -3 -39 16 37 67 
2 116 -7 0 -8 -6 40 -44 
2 117 -20 37 0 25 38 0 
2 118 -18 0 18 9 22 -35 
2 119 0 -10 -56 8 4 -32 
2 120 0 30 -69 0 38 -34 



268 

2 121 0 -2 -51 19 29 -48 
2 122 18 -16 -23 21 0 -64 
2 123 0 29 -77 12 0 -90 
2 124 17 20 -9 23 0 -42 
2 125 9 40 21 18 31 -51 
3 1 24 6 -64 25 8 -78 
3 2 0 -23 -18 19 30 -19 
3 3 -3 -18 -65 0 45 -81 
3 4 -8 20 29 11 30 -79 
3 5 6 33 20 2 23 -79 
3 6 0 3 1 2 28 -30 
3 7 11 -1 -63 0 0 -20 
3 8 0 -12 -22 0 -6 11 
3 9 0 -8 -30 29 39 -59 
3 10 0 40 -64 20 18 -39 
3 11 16 -20 -100 9 13 -100 
3 12 0 1 45 24 -7 -34 
3 13 0 -58 -43 0 -20 -28 
3 14 0 0 40 18 -22 0 
3 15 8 50 -59 11 -3 -34 
3 16 2 -1 -59 11 -11 -21 
3 17 9 -2 -54 9 -20 -53 
3 18 10 18 -49 -20 1 -20 
3 19 0 3 -9 0 31 49 
3 20 0 10 -44 3 0 -10 
3 21 2 -31 -79 0 -21 -8 
3 22 0 -12 3 3 11 49 
3 23 -5 -30 -30 10 0 -74 
3 24 6 0 -4 -3 -49 70 
3 25 7 0 -49 -2 0 0 
3 26 18 52 0 6 28 4 
3 27 0 33 -30 18 33 49 
3 28 -7 18 -50 26 9 0 
3 29 18 37 -80 24 20 0 
3 30 14 -3 -54 -12 11 3 
3 31 9 10 -88 11 -26 32 
3 32 8 11 -54 -11 -24 -64 
3 33 -1 38 -49 2 29 11 
3 34 0 11 0 17 -28 -54 
3 35 9 -44 -7 -6 -22 -44 
3 36 -10 0 -91 26 46 -18 
3 37 -3 -9 -19 6 0 -42 
3 38 -2 -4 -31 -6 -8 -69 
3 39 1 -13 -81 4 8 97 
3 40 0 -44 -66 24 6 -70 
3 41 14 41 -28 11 42 -40 
3 42 14 52 102 9 26 102 
3 43 2 -11 -30 9 52 -24 
3 44 0 49 -71 20 0 31 



269 

3 45 9 -22 -48 16 20 40 
3 46 2 11 -28 -1 -30 32 
3 47 0 -38 29 1 11 59 
3 48 22 -36 1 9 0 60 
3 49 0 -10 12 12 0 3 
3 so 8 -22 -12 0 28 0 
3 51 11 19 -12 4 52 24 
3 52 20 19 -67 0 -40 0 
3 53 17 52 0 26 31 0 
3 54 -18 0 60 4 0 21 
3 55 9 52 13 0 19 -70 
3 56 0 0 20 8 19 -72 
3 57 12 0 -70 21 1 11 
3 58 21 8 0 1 28 -24 
3 59 13 52 -29 20 19 0 
3 60 -7 0 43 9 19 3 
3 61 -5 -3 -94 9 30 0 
3 62 2 -2 -43 0 30 0 
3 63 16 -12 20 0 -4 9 
3 64 0 -23 41 9 0 42 
3 65 0 3 -54 0 37 63 
3 66 -9 -9 9 -6 10 -74 
3 67 0 14 0 0 0 64 
3 68 0 19 -31 2 -3 65 
3 69 0 2 0 6 -4 52 
3 70 0 24 -24 18 -9 14 
3 71 0 7 0 -9 11 13 
3 72 0 40 -60 -3 31 14 
3 73 -19 0 11 10 -8 0 
3 74 0 -11 0 9 38 3 
3 75 0 9 10 1 0 0 
3 76 0 -10 -6 2 -8 -28 
3 77 0 13 -41 9 0 89 
3 78 8 -19 20 13 -13 -34 
3 79 8 43 -48 -2 -20 -38 
3 80 -9 0 30 7 4 -70 
3 81 0 0 24 0 0 54 
3 82 0 19 0 0 -1 0 
3 83 8 18 -30 7 44 9 
3 84 -13 28 -42 11 30 12 
3 85 0 35 -18 14 ·-22 39 
3 86 13 8 -10 1 16 -64 
3 87 0 3 -24 2 3 0 
3 88 0 -28 -10 0 0 24 
3 89 0 22 -43 0 16 64 
3 90 0 27 -18 14 14 73 
3 91 0 -23 -18 7 0 -49 
3 92 0 3 -64 8 37 -3 
3 93 -13 3 -46 0 -27 28 



270 

3 94 -7 11 8 22 9 -43 
3 95 9 0 -13 -18 0 -36 
3 96 2 0 -74 0 0 -34 
3 97 0 -13 22 0 10 0 
3 98 -6 19 -54 14 41 -3 
3 99 0 0 -26 1 12 -24 
3 100 0 0 0 13 35 12 
3 101 0 22 -9 9 9 -16 
3 102 -3 40 22 3 24 -12 
3 103 8 -11 -64 19 0 -46 
3 104 -2 -9 -49 12 6 -64 
3 105 1 29 -9 13 0 0 
3 106 -10 0 0 -3 31 -41 
3 107 0 -2 -32 1 0 -39 
3 108 0 0 -3 0 0 -88 
3 109 1 7 -13 14 -49 -24 
3 110 3 13 74 20 0 0 
3 111 -6 13 0 9 21 2 
3 112 0 0 -48 -6 -2 22 
3 113 0 32 51 11 4 -52 
3 114 12 -41 -49 0 2 0 
3 115 13 -20 -30 21 26 50 
3 116 0 -81 7 0 29 56 
3 117 0 0 -51 0 2 -17 
3 118 -7 0 -24 0 11 -79 
3 119 -2 -19 -41 7 11 -2 
3 120 -1 2 0 0 19 51 
3 121 0 -9 -11 14 0 -13 
3 122 -7 0 62 2 17 74 
3 123 8 43 -12 5 23 -51 
3 124 -14 -20 24 18 -9 0 
3 125 -11 12 0 4 13 48 
4 1 6 -31 0 24 8 -100 
4 2 0 25 -73 -9 -16 -69 
4 3 19 49 -75 8 -50 -80 
4 4 -5 0 -49 0 11 -63 
4 5 -4 -4 21 -10 -46 90 
4 6 0 -8 -28 -11 -44 -52 
4 7 0 -1 3 -23 0 40 
4 8 19 -1 -38 -12 -3 -73 
4 9 10 9 28 -13 0 -90 
4 10 9 7 -8 -8 0 -92 
4 11 5 -20 -28 0 14 -71 
4 12 15 8 -30 -3 -30 -80 
4 13 9 0 -81 0 41 -80 
4 14 0 -15 -58 0 -40 -37 
4 15 16 -21 -67 10 -30 -100 
4 16 -8 -30 -74 26 -21 -35 
4 17 3 -3 0 0 0 -86 



271 

4 18 -1 -11 -41 8 10 -72 
4 19 -8 0 -77 -3 22 -46 
4 20 9 0 -42 0 11 -90 
4 21 8 1 -38 0 -19 39 
4 22 7 3 -33 -9 -30 -9 
4 23 9 -·8 -80 -7 -17 -36 
4 24 -8 0 -60 -12 -20 -100 
4 25 3 21 -60 0 0 -100 
4 26 0 50 50 26 3 0 
4 27 3 21 11 7 38 -6 
4 28 -9 9 -60 9 -9 -39 
4 29 1 0 21 0 -22 -102 
4 30 2 0 -73 18 -16 38 
4 31 8 -7 -70 -22 36 -82 
4 32 0 21 -50 0 0 -90 
4 33 -1 18 -55 -8 52 -18 
4 34 4 0 0 0 0 -16 
4 35 0 0 -49 -3 2 -24 
4 36 -7 -30 22 3 0 -10 
4 37 -7 7 -102 0 -8 -9 
4 38 5 3 0 0 -6 6 
4 39 3 -25 -36 -14 -8 -2 
4 40 -14 1 -50 8 11 -18 
4 41 10 0 -97 9 19 - 102 
4 42 2 -52 3 0 1 0 
4 43 13 1 11 0 14 0 
4 44 -15 -14 -70 8 2 -50 
4 45 0 -18 -30 0 20 -56 
4 46 -4 3 -60 0 22 -64 
4 47 0 0 -49 0 41 -39 
4 48 0 -1 -30 -4 0 -8 
4 49 0 -17 0 0 -36 19 
4 50 0 0 -29 9 -2 -31 
4 51 0 0 -4 1 -19 -47 
4 52 0 28 -71 7 50 -76 
4 53 0 -20 -62 0 11 -64 
4 54 -9 22 -57 -1 -36 -44 
4 55 0 8 -24 0 51 -40 
4 56 14 0 -36 -13 0 -60 
4 57 2 -13 8 -3 11 -73 
4 58 0 0 -46 1 0 10 
4 59 1 0 -72 0 0 -44 
4 60 -8 0 -4 12 -1 -20 
4 61 5 -40 -70 14 -7 -16 
4 62 0 14 -46 -4 -21 -66 
4 63 0 -19 -54 0 10 -39 
4 64 2 -4 -80 0 8 -51 
4 65 0 -25 -6 0 0 -so 
4 66 0 -19 -69 0 46 -41 



272 

4 67 0 -10 -64 0 -16 -86 
4 68 6 -13 -80 0 18 -72 
4 69 0 20 0 0 4 -30 
4 70 0 -21 -74 3 -22 -22 
4 71 -6 0 -43 4 19 -39 
4 72 -2 -15 -34 -4 -18 -25 
4 73 -6 3 -68 0 -1 -39 
4 74 -4 -24 -54 -9 -10 -96 
4 75 10 0 -30 14 0 -77 
4 76 8 -27 -18 0 -10 0 
4 77 -14 -26 -17 -2 -17 8 
4 78 0 0 -54 1 12 -56 
4 79 2 -39 -76 0 -21 -72 
4 80 8 0 -32 -4 34 -22 
4 81 -6 24 -3 0 42 -48 
4 82 3 -18 -24 -8 0 -54 
4 83 1 8 11 0 -40 -23 
4 84 0 -19 -50 8 0 -44 
4 85 -2 -3 -22 0 -7 -60 
4 86 7 21 -60 0 8 0 
4 87 8 -8 -69 -3 -28 -42 
4 88 0 1 9 8 20 -70 
4 89 5 -29 -18 20 -37 0 
4 90 13 0 -22 6 0 -42 
4 91 0 11 -64 -12 -11 -49 
4 92 0 -12 -24 0 0 -36 
4 93 0 0 -76 0 0 -73 
4 94 11 -18 -43 18 -22 -13 
4 95 6 11 -19 0 0 -59 
4 96 0 16 0 6 -19 -20 
4 97 14 -14 -57 0 -10 -34 
4 98 -6 0 0 0 0 24 
4 99 0 -11 6 0 -22 -29 
4 100 -24 0 -51 1 3 -28 
4 101 20 -7 -22 0 -1 -49 
4 102 3 21 -9 0 -12 -74 
4 103 16 30 0 17 0 -78 
4 104 0 -24 -13 0 -16 -62 
4 105 -7 0 -58 0 12 0 
4 106 0 0 -69 -1 0 -14 
4 107 0 0 24 -7 -11 -70 
4 108 -6 0 9 6 18 -14 
4 109 8 6 0 1 -31 -5 
4 110 -3 0 -4 12 31 23 
4 111 7 0 -29 7 0 -1 
4 112 8 0 -12 0 -27 -45 
4 113 0 10 -64 0 -40 0 
4 114 0 -18 42 9 10 -4 
4 115 0 0 -2 5 10 -86 



273 

4 116 7 0 70 0 9 -18 
4 117 6 -14 21 0 0 -24 
4 118 0 0 -38 -4 -17 -17 
4 119 0 -1 -54 19 · 1 -34 
4 120 9 -4 0 -5 2 -40 
4 121 -9 -31 -58 0 0 0 
4 122 0 7 -31 -9 10 -28 
4 123 12 13 0 0 -11 -17 
4 124 -12 -3 13 0 0 -39 
4 125 0 0 -70 0 9 -49 
5 1 7 40 -83 7 35 -99 
5 2 0 30 -59 0 0 0 
5 3 14 18 -18 8 14 33 
5 4 25 -13 99 0 22 -18 
5 5 24 -18 -54 16 0 -30 
5 6 -5 -1 -78 9 -28 0 
5 7 12 -27 -9 9 11 -94 
5 8 6 -3 101 10 -1 -61 
5 9 -13 -17 -32 4 11 36 
5 10 -18 0 -34 -3 0 0 
5 11 14 46 -12 9 0 -59 
5 12 0 10 -12 -5 -11 -73 
5 13 12 0 1 6 -28 14 
5 14 -23 -13 -48 17 0 -18 
5 15 12 50 -72 14 0 -49 
5 -16 -8 -7 -58 0 43 -88 
5 17 1 -23 -9 0 12 -88 
5 18 -3 0 -50 -4 -13 -32 
5 19 0 3 -46 0 0 -41 
5 20 3 17 -21 0 0 -53 
5 21 10 32 -33 -2 -3 -63 
5 22 8 0 -75 11 -14 40 
5 23 0 -14 8 9 20 -31 
5 24 -6 0 26 -9 6 -20 
5 25 5 -3 -53 0 2 -19 
5 26 -7 0 -77 11 9 -99 
5 27 9 -19 -61 8 13 0 
5 28 -13 28 -59 9 38 -50 
5 29 -3 0 -37 5 35 0 
5 30 -6 0 -18 11 9 3 
5 31 -8 29 -48 0 39 -74 
5 32 8 0 -73 0 -18 -36 
5 33 26 3 -84 8 -52 81 
5 34 7 -16 -102 6 0 -80 
5 35 13 -8 -22 0 19 -11 
5 36 16 29 -9 -8 -21 -33 
5 37 0 18 -13 -1 -30 0 
5 38 8 0 -54 0 -9 -98 
5 39 0 27 -13 8 0 -80 



274 

5 40 0 31 -48 -3 2 0 
5 41 0 0 -54 0 8 31 
5 42 8 0 -19 2 32 -64 
5 43 0 -17 -47 -1 0 -81 
5 44 22 -13 -64 4 0 -35 
5 45 -11 43 -59 8 2 -29 
5 46 7 0 12 -4 3 8 
5 47 0 30 -78 0 -22 -28 
5 48 0 20 -64 0 7 -32 
5 49 1 -30 -22 6 -24 -54 
5 50 12 0 -62 0 0 42 
5 51 0 48 -84 0 26 23 
5 52 0 21 -88 0 9 -58 
5 53 -2 -40 11 0 -12 -52 
5 54 -16 39 -68 9 1 -67 
5 55 -16 -12 -7 17 -20 -22 
5 56 0 9 22 0 -18 -20 
5 57 0 0 -60 0 -22 -30 
5 58 2 -6 -9 17 0 0 
5 59 7 -3 0 1 -11 49 
5 60 0 -11 -29 13 8 -16 
5 61 0 -40 4 5 -10 0 
5 62 0 21 -49 0 -19 -51 
5 63 0 -28 -72 0 17 -32 
5 64 3 -3 -9 0 12 1 
5 65 18 -40 -77 6 0 10 
5 66 0 -13 0 6 19 0 
5 67 0 -47 -29 -3 0 -62 
5 68 -12 -32 -74 0 0 0 
5 69 0 -48 -6 0 -30 -6 
5 70 0 -21 -3 10 -31 -64 
5 71 0 -50 -52 0 0 -10 
5 72 0 -36 -36 0 9 -49 
5 73 0 -21 -43 0 0 0 
5 74 0 -17 -41 3 -10 -7 
5 75 -8 0 4 0 18 -30 
5 76 -13 -13 -28 0 -13 29 
5 77 9 -20 -30 0 29 -47 
5 78 0 12 -36 0 2 12 
5 79 0 3 -28 6 0 -73 
5 80 2 0 -37 0 -30 73 
5 81 -4 -9 -48 19 -19 14 
5 82 -5 26 0 2 0 -36 
5 83 0 -14 -25 10 -13 0 
5 84 -9 -32 -30 0 -19 -30 
5 85 7 4 -16 0 5 -8 
5 86 0 -39 -7 3 -27 -26 
5 87 15 -19 -66 2 24 8 
5 88 13 0 0 0 -8 -22 



275 

5 89 4 -4 -57 9 -9 -21 
5 90 0 -9 27 14 22 -69 
5 91 -12 0 -12 0 -12 0 
5 92 7 -36 11 14 -40 -11 
5 93 -18 28 -63 0 42 -44 
5 94 0 5 -77 0 0 -23 
5 95 0 -12 -39 0 12 -34 
5 96 -10 3 -39 -5 -8 -24 
5 97 -12 -11 -9 0 -18 0 
5 98 0 0 1 -8 -27 -79 
5 99 3 -26 -26 0 -36 -74 
5 100 5 0 -30 8 -3 1 
5 101 0 -5 -31 0 -22 64 
5 102 -7 -18 -50 -2 -39 -54 
5 103 -8 0 -44 0 0 0 
5 104 2 -13 -19 0 24 -22 
5 105 0 36 -57 -3 -3 -42 
5 106 0 0 -50 0 0 -10 
5 107 0 10 -60 0 0 -21 
5 108 0 0 -37 0 -14 -94 
5 109 -16 0 -43 -6 -1 -56 
5 110 0 -11 -54 0 -5 -1 
5 111 18 -39 -18 -6 -8 0 
5 112 -6 -2 -38 7 -27 -80 
5 113 0 21 -47 5 -1 26 
5 114 3 2 0 3 9 0 
5 115 0 -9 0 1 37 -11 
5 116 -1 -18 0 6 -10 -63 
5 117 -6 -13 -31 -11 -14 -41 
5 118 0 0 -68 0 0 0 
5 119 0 0 -74 0 0 -89 
5 120 8 6 -49 0 -10 40 
5 121 0 0 1 0 14 -91 
5 122 0 -21 -31 0 15 0 
5 123 0 1 10 7 -21 -22 
5 124 -17 0 -37 -6 -11 -82 
5 125 -2 0 -49 0 -9 -19 
6 1 24 -34 -48 22 38 1 
6 2 26 -42 -99 11 26 75 
6 3 24 -16 -100 10 43 -30 
6 4 -21 -48 -58 21 31 -61 
6 5 11 -33 -80 11 28 20 
6 6 0 -38 -70 20 41 41 
6 7 8 28 -46 9 so -30 
6 8 4 -18 80 0 32 -20 
6 9 0 -14 52 10 11 22 
6 10 23 -8 60 16 -21 13 
6 11 20 0 -54 12 6 -50 
6 12 13 11 -100 18 31 45 



276 

6 11 22 0 -90 8 3 -53 
6 14 2 15 -70 1 0 -63 
6 15 18 22 -80 18 22 -58 
6 16 0 0 -88 3 28 18 
6 17 26 -36 -3 18 21 0 
6 18 0 -40 -99 9 21 46 
6 19 0 -28 -54 11 0 -39 
6 20 26 -7 -11 9 -9 0 
6 21 -10 13 50 8 18 80 
6 22 7 19 -51 1 10 11 
6 23 21 1 -12 11 51 64 
6 24 19 -7 -3 11 21 46 
6 25 0 0 -30 0 18 11 
6 26 24 52 -80 9 38 43 
6 27 26 52 -9 26 12 -11 
6 28 9 51 -20 11 20 47 
6 29 10 11 -81 0 20 70 
6 30 -20 52 0 13 41 -6 
6 31 0 8 -75 9 20 60 
6 32 0 23 -44 1 0 19 
6 33 21 0 -43 1 45 70 
6 34 1 3 -102 0 13 0 
6 35 9 -14 31 2 30 9 
6 36 3 20 -44 5 6 60 
6 37 19 8 -28 0 0 -69 
6 38 2 -20 -10 8 44 11 
6 39 8 22 -20 1 8 19 
6 40 0 17 -8 2 29 59 
6 41 11 13 58 2 22 22 
6 42 0 41 0 9 9 50 
6 43 0 -20 -18 7 30 49 
6 44 2 -9 -37 9 0 19 
6 45 0 47 -87 0 11 0 
6 46 3 -31 -58 14 -10 -54 
6 47 10 1 -46 6 8 39 
6 48 0 16 -31 9 1 74 
6 49 20 -30 -21 0 0 -11 
6 50 0 0 -60 8 27 70 
6 51 0 27 -68 25 0 81 
6 52 0 0 -62 4 0 97 
6 53 0 22 -48 14 19 30 
6 54 0 0 13 5 30 19 
6 55 21 44 -24 9 34 39 
6 56 9 2 10 0 0 17 
6 57 18 0 -4 10 42 -6 
6 58 14 -7 -24 6 10 47 
6 59 -4 0 -1 26 10 46 
6 60 9 19 71 -26 24 74 
6 64 11 22 -52 0 26 12 



277 

6 62 8 7 16 16 9 0 
6 63 0 10 30 0 14 -21 
6 64 12 32 -11 -2 0 7 
6 65 11 0 34 0 -9 71 
6 66 19 -2 0 0 32 34 
6 67 0 19 -24 -2 9 18 
6 68 18 2 -54 0 8 10 
6 69 9 0 -26 6 24 -20 
6 70 26 -33 35 0 26 16 
6 71 0 0 -42 0 20 0 
6 72 12 9 14 0 9 0 
6 73 22 -37 0 3 17 30 
6 74 19 -9 92 0 0 27 
6 75 17 0 33 13 12 87 
6 76 -12 -3 73 0 0 7 
6 77 2 10 74 0 1 -20 
6 78 9 8 63 0 0 0 
6 79 0 -3 -23 10 1 37 
6 80 0 1 -30 0 0 49 
6 81 0 20 -20 0 0 20 
6 82 -3 4 -36 0 0 30 
6 83 -3 1 -70 9 0 19 
6 84 0 40 0 0 9 41 
6 85 22 0 -64 9 9 0 
6 86 0 0 -37 7 13 -24 
6 87 0 -3 -59 2 0 13 
6 88 0 36 -22 11 4 0 
6 89 0 6 -32 0 9 -18 
6 90 19 14 -64 0 24 0 

6 91 -7 0 -41 0 0 0 
6 92 0 18 -53 16 -5 52 
6 93 0 34 -69 0 0 7 
6 94 -4 3 -12 0 15 35 
6 95 -9 -7 76 16 2 0 
6 96 0 10 -77 0 10 0 
6 97 0 25 -24 5 0 18 
6 98 0 28 0 15 24 0 
6 99 16 13 0 3 -10 64 

6 100 -9 22 -23 4 9 13 
6 101 20 9 -4 19 0 13 
6 102 20 0 -26 19 11 0 

6 103 0 44 28 8 17 0 

6 104 0 31 -44 6 29 -18 

6 105 -2 30 32 1 6 19 

6 106 0 -29 -69 0 -11 10 

6 107 0 -3 -52 0 16 11 

6 108 8 6 11 9 -3 -23 

6 109 5 8 -62 1 19 40 
6 . 110 3 -3 -31 19 19 -54 
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6 111 -10 6 -33 -2 -9 0 
6 112 8 37 -14 9 12 -29 
6 113 -5 10 53 0 13 0 
6 114 0 -27 -43 0 20 7 
6 115 20 2 -7 10 -1 -69 
6 116 0 34 9 8 0 35 
6 117 13 34 80 0 26 -64 
6 118 0 26 -23 8 32 0 
6 119 10 19 -45 2 0 24 
6 120 7 -7 7 19 13 -42 
6 121 0 0 -63 0 8 65 
6 122 13 20 0 0 -5 29 
6 123 7 -20 0 11 46 -80 
6 124 16 5 -52 10 14 -41 
6 125 0 2 -36 2 -4 24 
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Transfer Data (Experiment 1) 

Column 1 : Participant Identification Number 

Column 2 : Trial 

Column 3 : Near Transfer Exemplar (162.5 cm) 

Column 4 : Far Transfer Exemplar (195 cm) 

Column 5 : Far Transfer Exemplar ( 390 cm) 

Column 6 : Near Transfer Exemplar (455 cm) 
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1 1 10 -8 0 90 
1 2 0 0 -32 4 
1 3 0 35 -9 5 
1 4 -3 26 27 -8 
1 5 2 0 -22 -45 
1 6 1 0 -22 40 
1 7 1 0 80 -11 
1 8 3 0 -10 -25 
1 9 8 3 -14 -63 
1 10 0 2 0 -19 
1 11 26 5 -49 10 
1 12 0 0 -14 0 
1 13 4 -12 -28 36 
1 14 7 0 27 -9 
1 15 6 2 -49 -85 
2 1 0 -18 -14 45 
2 2 -5 7 -29 -60 
2 3 -16 -19 -22 -75 
2 4 -10 29 -12 7 
2 5 0 23 -3 -9 
2 6 27 0 0 26 
2 7 0 3 --20 60 
2 8 -27 0 93 4 
2 9 -9 -8 0 26 
2 10 -2 46 -36 -52 
2 11 -16 -21 0 22 
2 12 7 46 -44 -29 
2 13 -20 0 -58 -39 
2 14 -18 -30 -63 0 
2 15 10 18 62 -45 
3 1 -7 3 6 -74 
3 2 -11 -20 0 -34 
3 3 8 4 24 32 
3 4 18 -17 48 -40 
3 5 -13 17 37 -47 
3 6 8 0 43 57 
3 7 4 20 0 -29 
3 8 -'-9 1 0 5 
3 9 -2 2 12 79 
3 10 -15 0 0 6 
3 11 -10 -9 -3 -13 
3 12 1 -11 2 -8 

3 13 1 6 55 1 
3 14 -18 35 0 -39 
3 15 -6 16 34 -55 
4 1 0 3 -93 -83 

4 2 0 -3 -8 -65 
4 3 -8 0 -19 -3 

4 4 -10 0 -48 56 
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4 5 0 5 -14 6 
4 6 0 10 8 24 
4 7 -4 10 -18 -69 
4 8 13 0 0 0 
4 9 1 23 0 -36 
4 10 -4 -4 7 -32 
4 11 0 0 -19 -57 
4 12 -11 0 -37 -41 
4 13 0 12 -21 18 
4 14 -14 0 3 -91 
4 15 -1 0 3 -23 
5 1 -15 -4 4 1 
5 2 6 -16 -32 -13 
5 3 2 -2 -12 -5 
5 4 -8 -12 0 -61 
5 5 0 -4 0 0 
5 6 0 -12 -52 3 
5 7 14 0 4 -6 
5 8 23 3 -21 13 
5 9 16 3 0 0 
5 10 6 -5 65 16 
5 11 0 -9 -41 -4 
5 12 -2 0 32 -15 
5 13 16 -9 -53 -10 
5 14 -8 0 10 -16 
5 15 0 12 -42 0 
6 1 0 -5 26 2 
6 2 16 46 0 80 
6 3 18 0 0 -25 
6 4 19 3 84 -60 
6 5 15 26 56 -78 
6 6 0 14 46 -3 
6 7 7 35 80 -1 
6 8 1 10 13 -so 
6 9 3 9 46 26 
6 10 27 46 0 90 
6 11 0 -1 -4 2 
6 12 27 0 0 -47 
6 13 0 2 23 53 
6 14 18 -8 -20 -8 
6 15 10 37 30 30 
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Retention Data (Experiment 2) 

Column 1: Participant Identification Number 

Column 2 : Trial 

Column 3 : New 48-hr Retention Exemplar (162.S cm) 

Column 4 : Old 48-hr Retention Exemplar (260 cm) 

Column 5 : New 48-hr Retention Exemplar ( 3 90 cm) 

Column 6 : Old 48-hr Retention Exemplar (520 cm) 

Column 7 : Old 1-week Retention Exemplar ( 13 0 cm) 

Column 8 : New 1-week Retention Exemplar (195 cm) 

Column 9 : Old 1-week Retention Exemplar ( 2 6 0 cm) 

Column 10: New 1-week Retention Exemplar (455 cm) 
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1 1 -3 -10 26 -47 -8 -10 0 -15 
1 2 0 0 2 -14 1 1 0 0 
1 3 -9 -24 -3 0 0 0 -5 -24 
1 4 -3 -8 10 4 0 -5 -1 -6 
1 5 0 0 -30 -20 0 7 0 -25 
1 6 0 0 -32 0 0 0 -5 -64 
1 7 2 7 0 0 0 2 -3 0 
1 8 -9 -3 0 0 0 4 -40 -42 
1 9 5 0 0 -33 -6 0 0 -8 
1 10 0 10 0 -17 8 0 -11 -44 
1 11 -6 -4 0 -23 0 -2 0 0 
1 12 0 0 -3 0 0 0 0 -5 
1 13 0 -16 -12 -42 0 0 32 -3 
1 14 11 0 -24 17 0 0 0 -54 
1 15 6 0 -32 -64 -9 -5 0 0 
2 1 30 0 9 -53 0 19 0 -4 
2 2 24 55 -24 -55 4 5 20 -40 
2 3 9 49 89 -36 -11 24 -40 29 
2 4 29 8 59 10 17 10 0 -45 
2 5 0 58 37 -68 9 0 1 0 
2 6 8 50 24 0 0 0 0 -94 
2 7 3 33 0 0 16 1 18 0 
2 8 22 0 10 -74 10 0 -7 -35 
2 9 9 4 -22 -44 19 13 9 0 
2 10 8 0 0 -39 0 6 8 -17 
2 11 17 -24 0 -49 20 3 0 -3 
2 12 23 -11 59 -50 0 5 40 0 
2 13 29 13 -41 -75 0 35 0 -10 
2 14 16 49 14 -19 0 0 0 -4 
2 15 2 14 20 -54 2 -6 21 0 
3 1 -4 3 -66 -79 8 -7 -26 -66 
3 2 16 -10 30 -9 -1 26 -19 83 
3 3 4 0 32 0 12 -6 32 19 
3 4 2 4 9 53 0 -3 18 80 
3 5 24 -11 14 -8 16 11 20 -13 
3 6 -3 23 0 0 0 12 29 -18 
3 7 14 19 18 9 2 30 -18 0 
3 8 11 40 0 3 16 6 -1 -2 
3 9 0 0 0 -16 7 8 22 -45 
3 10 13 19 60 -3 10 25 38 -57 
3 11 13 14 29 -31 2 32 24 -30 
3 12 14 2 26 49 -3 -10 0 -27 
3 13 10 23 -9 -32 -11 8 10 0 
3 14 29 10 -9 39 12 0 0 -10 
3 15 30 20 -28 -14 10 5 12 60 
4 1 0 31 -22 0 -3 -9 -17 0 
4 2 -3 -18 0 -79 -12 -13 -42 -20 
4 3 10 40 11 -13 -5 -11 0 22 
4 4 -3 8 7 -69 7 -2 12 14 
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4 5 -9 20 -29 -89 4 0 17 -70 
4 6 4 -23 0 -34 14 0 -4 4 
4 7 -14 31 0 -23 2 0 -3 -50 
4 8 0 -9 -3 -80 0 -13 29 -75 
4 9 26 18 -32 -89 0 26 -19 -32 
4 10 0 -12 -17 -22 4 0 6 72 
4 11 2 -14 -19 -34 0 -5 -11 0 
4 12 3 -32 -4 18 2 0 -19 0 
4 13 0 0 -24 -53 9 -14 26 40 
4 14 0 3 60 0 -4 -19 -39 -80 
4 15 -2 0 -33 -63 0 10 0 3 
6 1 2 12 0 44 2 15 0 10 
6 2 0 22 52 29 4 15 6 20 
6 3 1 12 -8 6 19 10 0 -36 
6 4 0 0 21 19 7 0 -12 42 
6 5 0 11 41 0 10 22 0 25 
6 6 0 1 49 24 3 2 13 0 
6 7 20 34 14 -19 10 11 0 40 
6 8 0 22 34 22 0 5 -8 14 
6 9 0 2 0 -29 5 4 30 0 
6 10 6 6 24 -20 3 30 0 21 
6 11 7 -1 33 -14 5 10 0 17 
6 12 0 9 10 0 5 12 14 -11 
6 13 14 8 5 20 8 0 0 47 
6 14 20 -8 0 24 8 8 0 0 
6 15 14 24 54 -41 1 0 12 -3 



Memory Representation and Social Validity Data 

Column 1: Experiment Group (1 = Experiment 1; 2 
Experiment 2) 

Column 2: Participant Identification Number 
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Column 3: Experimental Phase (1 = Block 9 of Acquisition; 2 
= Memory Representation; 3 = Social Validity) 

Column 4: Trial 

Column 5: Short Exemplar (130 cm) 

Column 6: Medium Exemplar (260 cm) 

Column 7: Long Exemplar (520 cm) 
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1 1 1 1 10 -8 -53 
1 1 1 2 3 -30 0 
1 1 1 3 0 0 -6 
1 1 1 4 0 5 0 
1 1 1 5 -7 31 0 
1 1 2 1 0 0 -52 
1 1 2 2 8 33 10 
1 1 2 3 5 -22 18 
1 1 2 4 2 10 47 
1 1 2 5 -3 12 32 
1 1 3 1 2 -19 -31 
1 1 3 2 0 -2 0 
1 1 3 3 12 6 -39 
1 1 3 4 14 -36 -76 
1 1 3 5 0 50 -21 
1 2 1 1 0 -2 -51 
1 2 1 2 18 -16 -23 
1 2 1 3 0 29 -77 
1 2 1 4 17 20 -9 
1 2 1 5 9 40 21 
1 2 2 1 -30 0 -92 
1 2 2 2 -58 -78 -43 
1 2 2 3 83 14 0 
1 2 2 4 26 60 -47 
1 2 2 5 20 30 -40 
1 2 3 1 0 0 -83 
1 2 3 2 16 -11 0 
1 2 3 3 0 0 -32 
1 2 3 4 3 0 -40 
1 2 3 5 0 0 24 
1 3 1 1 0 -9 -11 
1 3 1 2 -7 0 62 
1 3 1 3 8 43 -12 
1 3 1 4 -14 -20 24 
1 3 1 5 -11 12 0 
1 3 2 1 -19 47 -19 
1 3 2 2 23 16 -2 
1 3 2 3 70 41 -3 
1 3 2 4 7 39 -82 
1 3 2 5 13 44 -84 
1 3 3 1 -42 -11 -30 
1 3 3 2 7 -13 -90 
1 3 3 3 0 -50 -10 
1 3 3 4 0 -18 -64 
1 3 3 5 -9 -14 -89 
1 4 1 1 -9 -31 -58 
1 4 1 2 0 7 -31 
1 4 1 3 12 13 0 
1 4 1 4 -12 -3 13 
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1 4 1 5 0 0 -70 
1 4 2 1 0 2 -79 
1 4 2 2 49 44 -71 
1 4 2 3 25 0 -9 
1 4 2 4 19 20 -68 
1 4 2 5 15 0 -8 
1 4 3 1 0 0 -43 
1 4 3 2 0 0 11 
1 4 3 3 0 -22 -43 
1 4 3 4 -9 -19 -8 
1 4 3 5 0 -52 0 
1 5 1 1 0 0 1 
1 5 1 2 0 -21 -31 
1 5 1 3 0 1 10 
1 5 1 4 -17 0 -37 
1 5 1 5 -2 0 -49 
1 5 2 1 20 3 -80 
1 5 2 2 13 10 160 
1 5 2 3 15 55 5 
1 5 2 4 -14 73 -16 
1 5 2 5 30 12 17 
1 5 3 1 -16 -7 -47 
1 5 3 2 0 -43 -65 
1 5 3 3 0 -53 -51 
1 5 3 4 0 -30 -120 
1 5 3 5 7 -19 -104 
1 6 1 1 0 0 -63 
1 6 1 2 13 20 0 
1 6 1 3 7 -20 0 
1 6 1 4 16 5 -52 
1 6 1 5 0 2 -36 
1 6 2 1 0 21 -68 
1 6 2 2 0 90 -49 
1 6 2 3 -1 19 -68 
1 6 2 4 2 64 -7 
1 6 2 5 17 69 -20 
1 6 3 1 -21 -15 -50 
1 6 3 2 0 -24 -24 
1 6 3 3 -34 -18 -40 
1 6 3 4 -27 -2 -9 
1 6 3 5 0 0 -28 
2 1 1 1 0 -13 -11 
2 1 1 2 0 -1 -64 
2 1 1 3 11 9 -49 
2 1 1 4 0 9 -6 

2 1 1 5 0 0 -18 
2 1 2 1 0 -30 94 
2 1 2 2 -5 0 0 

2 1 2 3 8 0 -48 
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2 1 2 4 7 -3 19 
2 1 2 5 13 -3 -20 
2 1 3 1 0 0 30 
2 1 3 2 0 -11 -90 
2 1 3 3 0 0 -50 
2 1 3 4 0 0 -64 
2 1 3 5 0 0 -10 
2 2 1 1 19 29 -48 
2 2 1 2 21 0 -64 
2 2 1 3 12 0 -90 
2 2 1 4 23 0 -42 
2 2 1 5 18 31 -51 
2 2 2 1 12 74 0 
2 2 2 2 27 10 -65 
2 2 2 3 27 -10 -60 
2 2 2 4 15 57 46 
2 2 2 5 18 9 -13 
2 2 3 1 13 -9 0 
2 2 3 2 19 0 -53 
2 2 3 3 0 32 -90 
2 2 3 4 0 -13 -108 
2 2 3 5 10 0 -34 
2 3 1 1 14 0 -13 
2 3 1 2 2 17 74 
2 3 1 3 5 23 -51 
2 3 1 4 18 -9 0 
2 3 1 5 4 13 48 
2 3 2 1 18 43 40 
2 3 2 2 28 46 12 
2 3 2 3 8 71 -55 
2 3 2 4 8 40 82 
2 3 2 5 10 0 20 
2 3 3 1 -3 3 -110 
2 3 3 2 -32 44 0 
2 3 3 3 18 -30 -17 
2 3 3 4 20 -6 -6 
2 3 3 5 -6 -23 -23 
2 4 1 1 0 0 0 
2 4 1 2 -9 10 -28 
2 4 1 3 0 -11 -17 
2 4 1 4 0 0 -39 
2 4 1 5 0 9 -49 
2 4 2 1 6 -31 -80 
2 4 2 2 6 -17 -104 
2 4 2 3 0 0 -98 
2 4 2 4 8 -11 -49 
2 4 2 5 0 0 -47 
2 4 3 1 0 -2 -87 
2 4 3 2 -4 -8 -64 
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2 4 3 3 7 6 -42 
2 4 3 4 0 -22 -64 
2 4 3 5 -8 -11 -76 
2 5 1 1 0 14 -91 
2 5 1 2 0 15 0 
2 5 1 3 7 -21 -22 
2 5 1 4 -6 -11 -82 
2 5 1 5 0 -9 -19 
2 5 2 1 -3 0 -67 
2 5 2 2 0 -19 -43 
2 5 2 3 -4 32 -59 
2 5 2 4 0 -13 -48 
2 5 2 5 10 0 -1 
2 5 3 1 -10 0 -46 
2 5 3 2 0 -11 -10 
2 5 3 3 0 0 -70 
2 5 3 4 0 0 -17 
2 5 3 5 0 0 -70 
2 6 1 1 0 8 65 
2 6 1 2 0 -5 29 
2 6 1 3 11 46 -80 
2 6 1 4 10 14 -41 
2 6 1 5 2 -4 24 
2 6 2 1 3 0 62 
2 6 2 2 0 57 -16 
2 . 6 2 3 0 27 -50 
2 6 2 4 27 24 10 
2 6 2 5 3 13 -20 
2 6 3 1 0 10 -60 
2 6 3 2 0 0 -7 
2 6 3 3 0 -7 0 
2 6 3 4 13 0 -52 
2 6 3 5 -3 1 -2 




