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ABSTRACT 

Within the realm of education, it is essential for 

instructors to understand the importance of motor 

learning as it readies students or athletes for 

functioning within the environment. Previous research 

on the acquisition of a motor skill has shown modeling 

and knowledge of results to be two significant variables 

affecting learning. The purpose of this study was to 

determine if knowledge of results or modeling, as a 

means of providing instruction, would lead to more 

improvement in performance. Also of interest was 

whether receiving both a model and knowledge of results 

would lead to the most improved performance, or if the 

combined variables would be redundant and hinder 

performance. Fifty-two subjects were divided into four 

groups. One group was given a model prior to each 

trial. The second group was given written instructions 

prior to each trial and received knowledge of results 

after performing the task. Subjects in the third group 

received a model and written instructions prior to each 

trial and then were given knowledge of results after 

performing the task. The control group was only given 

instructions for the task between each trial. All 
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·groups performed a complex sequential stepping task. 

Following the acquisition trials, subjects were given 

retention tests without modeling, written instructions, 

or knowledge of results in order to examine whether the 

skill was learned. Results indicated that although all 

groups appeared to have learned the task, subjects in 

the Model + KR Group consistently performed better than 

subjects in the Model Group. No differences in 

performance were found for the Model + KR, KR, and 

Control groups. However, knowledge of results appears 

to be beneficial for dealyed retention since the Model 

Group performed as well as the group receiving written 

instructions only in the final block of retention 

trials. It was determined that variables such as task 

type, task complexity, and task novelty may have had an 

influence on the effectiveness of modeling. 

Consequently, it appears that the best method for 

learning a complex sequential motor task consists of a 

model augmented by knowledge of results and/or written 

instructions. 
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CHAPTER I 

INTRODUCTION AND JUSTIFICATION OF STUDY 

Introduction 

Scientists studying the processes involved in 

learning a movement are concerned with the neural 

(physiological) and psychological components responsible 

for movement. Although physiological factors play an 

important role in movement, an examination of the 

cognitive aspects of movement is needed to provide a 

more complete understanding of human movement. 

Basic to learning a movement is understanding the 

nature of the processes involved causing the motor 

system to function in a particular manner. Over the 

last century, many theories have evolved to explain the 

processes involved in the learning of motor skills. 

Theorists have determined that individuals appear to 

advance through relatively distinct stages when learning 

a skill (Adams, 1971; Fitts & Posner, 1967). For 

example, Fitts and Posner (1967) described three stages 

involved in motor learning: cognitive stage, associative 

stage, and autonomous stage. 

In the first stage, referred to as the cognitive 

stage, the individual is becoming familiar with the task 

to be learned and performance gains are the largest 
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during this time. Emphasis at this stage is directed at 

providing external feedback to the performer to aid in 

learning to detect and correct errors. It is during the 

cognitive stage that various teaching methods, such as 

verbal instructions or knowledge of results (i.e., 

information given after a response about the outcome of 

the response), can be an important part of learning a 

skill. 

The second stage, the associative stage, is marked 

by a decreased need for external verbal information to 

successfully perform the skill; however, external verbal 

information may be helpful in performing the task. 

During this stage, performance is more consistent as the 

learner begins to associate certain stimulus with 

certain responses. 

In the final stage, the autonomous stage, the skill 

has become automatic. During this stage, a skill can be 

performed with minimal attentional requirements 

(Schmidt, 1988). For example, an elite tennis player no 

longer has to think about the correct position for 

gripping a tennis racket, because after years of 

practice, holding a racket properly has become 

automatic. 

Another model of learning has been proposed by 

Adams (1971, 1976) and suggests that learning occurs in 
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two stages: the verbal-motor stage and the motor stage. 

The first stage, verbal-motor stage, compares with Fitts 

and Posner's (1967) cognitive stage. During this stage, 

knowledge of results plays an important role in learning 

a movement. Adams proposed that in the verbal-motor 

stage, an individual will use a reference mechanism or a 

memory about an earlier movement to improve their next 

movement. As learning progresses and errors decrease, 

the reference mechanism becomes a correct reference for 

subsequent responses. 

Adams (1971, 1976) referred to the next period in 

learning as the motor stage. This stage relates to 

Fitts and Posner's (1967) associative and autonomous 

stages. According to Adams, an individual proceeds from 

the verbal-motor stage to the motor stage after the 

errors based on knowledge of results are minimized for 

an extended period of time. In other words, a correct 

response has been repeated over a long enough period 

that the correct reference for future movement is 

strong. The movement can now be carried out 

successfully because it corresponds with movement 

represented in the reference mechanism, and as a result, 

knowledge of results becomes less important. 

Adams maintained that once an individual was able 

to ignore knowledge of results, they could learn without 



knowledge of results. Adams stated that in passing from 

the verbal-motor to the motor stage, conscious behavior 

eventually becomes automatic. Fitts and Posner (1967) 

and Adams (1971, 1976) theorized about the mental 

processes involved in learning a motor skill; however, 

further discussion is necessary to understand specific 

characteristics of motor learning. Motor learning is 

described as ''a set of internal processes associated 

with practice or experience leading to relatively 

permanent changes in the capability for responding" 

(Schmidt, 1988, p. 346). Consequently, one goal of 

motor learning is to understand the changes in skill 

that occur with practice. The present paper deals with 

two important conditions of practice that affect motor 

learning: modeling and knowledge of results. 

4 

Modeling is used to maximize learning by helping 

an individual visualize the skill to be performed. 

Demonstration by a model becomes a form of instruction 

and the observer learns by attempting to reproduce the 

movements presented by the model (Gould & Roberts, 

1982). Gould and Roberts (1982) found evidence 

supporting modeling as an effective way to disclose 

important information to aid in the acquisition of a 

motor skill. Carroll and Bandura (1982) determined that 

modeling provided visual feedback that enhanced correct 
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reproduction of the movement being observed. This 

effect was seen primarily during movements considered by 

the researchers to be complex responses. The 

researchers also found that performance remained 

elevated even after the model was removed. 

Information considered extrinsic to the learner 

provides feedback about the outcome of a movement in 

reference to an environmental goal. This extrinsic 

feedback is referred to as knowledge of results. It 

should be noted, however, that knowledge of results 

concerns information about movement outcome and not the 

actual movement itself. Extrinsic information about the 

movement itself is referred to as knowledge of 

performance (Schmidt, 1988). 

Feedback, or knowledge of results, is well known 

for its importance in the acquisition of a motor skill 

(Ammons, 1956; Bilodeau, 1966; Bilodeau & Bilodeau, 

1961; Elwell & Grindley, 1938; Salmoni, Schmidt, & 

Walter, 1984; Robb, 1968). Knowledge of results is 

defined as "information provided after a response that 

tells of the learner's success in meeting the 

environmental goal" (Salmoni, Schmidt, & Walter, 1984, 

p. 355). Knowledge of results can be used as a means 

for motivating a subject to learn a motor skill (Ammons, 

1956; Schmidt, 1988) or to provide guidance (Lee & 
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White, 1988). Knowledge of results can also be used in 

goal setting (Locke, Cartledge, & Koeppel, 1968; Locke, 

Shaw, Saari, & Latham, 1981). One of the most important 

uses of knowledge of results is to provide information 

to the learner in order to help the learner correct 

their performance on subsequent trials. Ultimately, 

more effective performances result as practice continues 

with knowledge of results (Bilodeau, Bilodeau, & 

Schumsky, 1959; Schmidt, 1988). Researchers have found 

that performance of a movement improved with knowledge 

of results, but without knowledge of results, 

performance deteriorated (Bilodeau, Bilodeau, & 

Schumsky, 1959). This research demonstrates the 

importance of providing knowledge of results to improve 

performance. 

Modeling and knowledge of results have both 

independently been shown to aid in learning a task. As 

a result, it could be assumed that by combining these 

treatments, performance should be enhanced (McCullagh & 

Little, 1990). Research testing the effects of modeling 

versus knowledge of results has shown that modeling 

helped an observer learn a new skill, but receiving 

knowledge of results further enhanced learning (Adams, 

1986). Conversely, McCullagh and Little (1990) 

determined that a subject receiving both modeling and 



knowledge of results has too much information and 

performance deteriorates from acquisition to immediate 

transfer. However, no differences were observed in 

performance from the immediate transfer to delayed 

retention test. There is little research examining 

which variable, modeling or knowledge of results, is 

more effective in the acquisition of a motor skill. 

Statement of Purpose 

7 

Two of the most widely used methods for teaching 

are demonstration by a model and information given after 

a response as to the correctness of the response 

(knowledge of results). Knowledge of results, along 

with practice, has been studied extensively and viewed 

by some researchers as the most important component of 

learning (Salmoni, Schmidt & Walter, 1984; Schmidt, 

1988). Even though modeling is a popular teaching 

technique, the psychological processes of modeling have 

not been studied with much zeal (Gould & Roberts, 1982; 

McCullagh & Little, 1990). Furthermore, the effects of 

modeling in association with knowledge of results has 

had very little attention in the research literature. 

The purpose of this study is to determine if 

providing knowledge of results or modeling results in 

more improvement in performance. Also of interest is 
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whether receiving both a model and knowledge of results 

will lead to the most improved performance, or if the 

combined variables will be redundant and hinder 

performance. The present study will involve subjects 

divided into four groups (three experimental and one 

control) . The three experimental groups will differ 

with respect to the type of information provided while 

learning the task. One group will be given a model 

before performing each trial. The second group will be 

given written instructions before each trial and receive 

knowledge of results after performing the task. The 

third group will receive a model, written instructions 

and knowledge of results, while the control group will 

only be given written instructions for the task before 

each trial. All groups will perform a complex 

sequential stepping task. Following the acquisition 

trials, subjects will be given a retention test without 

modeling or knowledge of results to test the learning of 

the skill. 

Hypotheses 

Utilizing modeling andjor knowledge of results to 

assist in the learning of a novel task will result in 

the experimental groups showing an improvement in 

performance at the end of the acquisition trials. The 



9 

control group should also show an improvement in 

performance due to practice; however, the improvement 

should be less than that for the experimental groups. 

Results of the retention test will include: {1) the 

subjects who receive knowledge of results and modeling 

will perform the best; (2) performance for modeling only 

and knowledge of results only will be essentially the 

same; and (3) the poorest performance will occur in the 

control group. 

Delimitations 

1. Subjects will be university students who have 

been randomly assigned to conditions. 

2. Subjects will be unfamiliar with the task used 

in the experiment. 

3. Subjects will receive instructions from only the 

experimenter who will control the conditions of 

practice. 

Limitations 

1. Subjects could become fatigued, causing inferior 

scores at the end of practice. 

2. Incorrect identification of colors which would 

cause a lower score creating defective test results. 



3. Number of colors and/or actions in the testing 

sequence are too fewjtoo many. 

4. Error in experimenter evaluation of trial. 

10 

5. Scoring is not sensitive enough, and as a 

result, some incorrect performances cannot be considered 

as errors. 

Definitions 

Feedback: all of the response-produced information 

that is received during or after a movement. 

Knowledge of results: verbal, post-response 

information about the outcome of a response in the 

environment. 

Learning variable: continues to affect performance 

after being removed (i.e., influences performance in a 

relatively permanent way). 

Modeling: a live demonstration used for presenting 

the task to be learned. 

Motor learning: a set of processes associated with 

practice or experience leading to relatively permanent 

changes in the capability for responding. 

Performance variable: an independent variable that 

affects performance temporarily. 

Retention test: measures forgetting (forgetting is 

a loss in the capability to respond while learning is a 
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gain in this capability) is given after the retention 

interval (i.e., interval between the end of the original 

learning and the retention test) . 

Assumptions 

For the purpose of this study, the following 

suppositions have been made: 

1. The task to be performed will be novel to all 

subjects. 

2. Modeling and knowledge of results are variables 

that affect the learning of a skill. 

3. Subjects used are an accurate sample of a 

population. 

4. Subjects fully understand the elements of the 

task to be performed and the conditions of the treatment 

they will receive. 

Significance 

Within the realm of education, it is essential for 

instructors to understand the importance of motor 

learning as it readies students or athletes for 

functioning within the environment. However, 

performance at the motor level is of little use without 

the cognitive aspects. The learning that occurs at the 

cognitive level is of primary significance to educators 
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because the learner is more influenced by instructions 

during the early stages of learning than in latter 

stages. If a mental representation of the movement 

involved in an action is not made and stored for 

subsequent use, then correct performance of the movement 

at a later time may be hindered. Since the cognitive 

aspects, or mental representations, of movement are an 

essential part of skill acquisition, it is important to 

find the best method possible for formulating the 

representations. 

Previous research on techniques used in the 

acquisition of a motor skill have shown two primary 

methods to be modeling and knowledge of results (Adams 

1986; Ammons, 1956; Arps, 1917; Baird & Hughes, 1972; 

Carroll & Bandura, 1982; Elwell & Grindley, 1938; Feltz 

& Landers, 1977; Gould & Roberts, 1982; Landers & 

Landers, 1973; Locke & Bryan, 1966; Martens, Burwitz, & 

Zuckerman, 1976; McCullagh & Little, 1990; Robb, 1968; 

Ross, Bird, Doody, & Zoeller, 1985). Some studies have 

shown that these variables do not assist learning 

(Archer, Kent, & Mote, 1956; Brown & Messersmith, 1948; 

Taub & Berman, 1968; Wrisberg & Schmidt; 1975), others 

find modeling superior to knowledge of results (Ross, 

Bird, Doody, & Zoeller, 1985). McCullagh and Little 

(1990) found that by combining modeling and knowledge of 
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results, learning decreased during immediate transfer. 

Most of the research conducted, however, has studied 

each component separately and found that the learning 

variable of interest causes a significant improvement in 

performance (Adams, 1986; Ammons, 1956; Carroll & 

Bandura, 1982; Elwell & Grindley, 1938; Feltz & Landers, 

1977; Marten, Burwitz, & Zuckerman, 1976). 



CHAPTER II 

REVIEW OF LITERATURE 

Prepractice Conditions and the Effects 
of Modeling 

Schmidt (1988) considers motor learning the 

acquisition of a skill due to practice or experience. 

When evaluating conditions of practice, prepractice 

conditions should be considered, as well as feedback 

(i.e., all response-produced information) during 

(concurrent) or after (knowledge of results) a movement. 

Prepractice information prepares the learner for 

the upcoming action. One important prepractice 

condition is motivation (Schmidt, 1988). Two methods 

used by the learner to become properly motivated 

include: (1) perceiving that the task to be performed is 

important to learn (Schmidt, 1988); and (2) set goals 

that are realistic and attainable (Locke & Bryan, 1966; 

Locke, Shaw, Saari, & Latham, 1981). 

A second condition important to prepractice is that 

the learner understand the nature of the task (Schmidt, 

1988). One of the methods used to insure understanding 

of the task is to provide verbal instructions. With 

verbal instructions, information such as the initial 

position of the limbs or giving a general idea of a 

movement can serve as a guide for learning the movement. 
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Verbal instructions can also be used by an individual to 

recognize errors. For example, an instructor might tell 

a student to determine whether or not their arm is 

straight after completing a movement. Other methods 

used along with verbal instructions to assist the 

learner in understanding the task are modeling and/or 

demonstration. 

Several theories exist to describe the relationship 

between motor skill acquisition and modeling. Sheffield 

(cited by Gould & Roberts, 1982) proposed a theory 

called the "symbolic representational theory" describing 

the modeling processes involved in learning a motor 

task. Sheffield's theory suggested that through 

observation, a learner forms a cognitive representation 

that is symbolic of the task observed. The 

representation will later act as a model for 

reproduction of the movement. 

Later, Bandura (1969, 1977, 1986) introduced a 

"contiguity-mediational theory." Similar to Sheffield, 

Bandura suggested that a learner codes a modeled 

response symbolically or verbally and stores it in 

memory. The representational mediators (i.e., coded 

images or words) are later used for response recovery by 

the observer for subsequent movements. Bandura further 

stated that this theory was not sufficient to explain 
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the entire process of observational learning. 

Consequently, Bandura subdivided the modeling process 

into a response acquisition phase (i.e., observer codes 

and practices the modeled response) and a performance

reproduction phase (i.e., observer uses the coded 

response to guide movement). 

The response acquisition phase can be divided into 

an attention and retention subprocess. In the 

attentional subprocess, a learner must observe and 

distinguish between the particular features of the 

modeled performance. Symbolic or verbal coding of a 

modeled performance by the observer is the basis of the 

retention subprocess. The performance-reproduction 

phase consists of two subprocesses. A motor 

reproduction subprocess allows for an observer to 

reproduce a coded movement. The incentive/motivation 

subprocess is concerned with the motivational 

circumstances (i.e., extrinsic and self-reinforcement) 

responsible for reproducing a response. 

Landers and Landers (1973) supported Bandura•s 

(1969, 1977, 1986) motivational aspect of observational 

learning because their subjects who performed with a 

model present did better than the control group that had 

no model. The improved performance was related to the 
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clear and instantaneous potential for evaluation by the 

model. 

Further support for Bandura's motor performance 

theory was demonstrated by Martens, Burwitz and 

Zuckerman (1976). These researchers hypothesized that 

modeling would aid performance by providing information 

about a correct or incorrect response andjor change the 

motivational state of the observer. Furthermore, the 

informative function of modeling would affect the 

acquisition of motor skills. Two experiments were 

conducted to judge whether the repeated observation of a 

model assisted performance and to determine why 

performance improved early in practice but not with 

subsequent trials. Results indicated that subjects in 

the group that observed a film of a model consistently 

performing correctly and those in the group who observed 

a model improve progressively on a task over practice 

trials improved early in practice but did not continue 

to improve with additional practice. This indicated 

that in order to further refine a skill, additional 

information (i.e., modeling) was not necessary; however, 

additional practice improved performance. In 

conclusion, the authors determined that modeling is an 

effective aid in learning a motor skill, but its 

mechanisms are not completely understood. 
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In a study by Carroll and Bandura (1982), 

observational learning procedures were found helpful in 

the learning of a complex skill. Subjects were randomly 

assigned to one of four treatment conditions: a vision 

condition, a non-vision condition, a vision-non-vision 

condition, and a non-vision-vision condition. Results 

indicated that visual feedback during ongoing 

performance augmented correct reproduction of the 

modeled design. The benefits of the visual feedback 

were noticed primarily in the reproduction of complex 

response components. This improvement was observed even 

when the model and feedback were removed. Carroll and 

Bandura determined, however, that visual feedback did 

not help the subject's performance when a complex 

movement was first being learned. As a result, it was 

inferred that without a conceptual model of an action 

(which usually occurs after some practice), visual 

feedback will not be useful to the observer. 

Knowledge of Results as a Learning and 
Performance Variable 

In performing a movement, several sources of 

sensory information are available to the performer. One 

goal of the performer is to decide whether the sensory 

information received is movement or non-movement 
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related. If the information is related to movement, 

then it is either made available prior to, during, or as 

a result of feedback. Feedback can be designated as 

either intrinsic or extrinsic. Intrinsic feedback is 

inherent. Inherent feedback is information about 

performance gained through an internal source or sensory 

modality (Schmidt, 1988). For example, if during a 

tennis serve an individual swings and misses the ball, 

it is obvious, through vision as well as 

kinesthetically, that a mistake was made and the error 

can be evaluated and a new response generated on 

subsequent trials. Conversely, extrinsic feedback 

(i.e., knowledge of results) is provided verbally and 

supplies information about a performance outcome or 

response in the environment (Schmidt, 1988). 

One of the earliest experiments conducted on 

knowledge of results was carried out by Arps (1917). 

Arps determined that subjects used imagery of previous 

performances that incorporated knowledge of results to 

assist their performance in trials where knowledge of 

results was not present. In addition, subjects 

performing without knowledge of results generally did 

worse than those performing with knowledge of results. 

As a result, Arps concluded that knowledge of results 

was beneficial in improving performance. 
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Ammons (1956) provided additional evidence for the 

benefits of knowledge of results in a literature review. 

The author summarized the effects of knowledge of 

results on the subsequent performance of subjects in the 

form of 11 generalizations. These generalizations were 

based on experiments conducted by various researchers. 

The generalizations are: 

1. Subject will develop his/her own hypotheses 

about what he/she is supposed to do and the methods to 

use in order to correctly accomplish the performance. 

2. Subjects have some knowledge of their 

performance, whether or not knowledge of results has 

been given. 

3. Subjects who are given knowledge of results 

learn more rapidly and more accurately than those who do 

not receive knowledge of results. 

4. Knowledge of results is positively influenced by 

boosting motivation. 

5. A subject's performance will increase more 

rapidly and reach a higher level with more specific 

knowledge of results. 

6. Information given about a performance is less 

effective the longer knowledge of results is delayed. 



21 

7. Short intervals between trials (in discontinuous 

tasks where knowledge of results is given) are more 

effective than longer periods. 

8. Performance decreases with a decrease in 

knowledge of results. 

9. Performance decreases when trials are massed. 

10. When knowledge of results is no longer 

furnished, subjects who maintain their performance level 

have more than likely developed their own substitute 

knowledge of results. 

11. When direct or supplementary knowledge of 

results is removed, systematic "undershooting" or 

"overshooting" can occur. 

The research conducted by Arps (1917) and Ammons 

(1956) showed that knowledge of results has a positive 

effect on performing a motor task. Other studies 

indicate that there is some confusion as to whether 

knowledge of results is a performance (i.e., an 

independent variable affecting performance only 

temporarily) or learning (i.e., continues to affect 

performance after being removed) variable (Schmidt, 

1988). Salmoni, Schmidt and Walter (1984, p. 357) 

defined learning as a "relatively permanent change, 

resulting from practice or experience, in the capability 

for responding." Consequently, changes in behavior due 



to practice can be the result of changes in the 

capability to respond (i.e., learning) or to temporary 

processes (i.e., performance variables). 
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Schmidt (1988) stressed that understanding learning 

and performance variables is important not only in the 

development and testing of theories of motor learning, 

but also in applications for teaching. Thus, Schmidt 

suggested experiments that examine theories predicting 

the effect of different independent variables on 

learning should use a transfer or retention design for 

testing the relative permanence of the effect of these 

variables in a real world setting. Therefore, knowing 

which variables affect performance temporarily and which 

affect learning enables the instructor to provide better 

learning conditions. 

Salmoni, Schmidt, and Walter (1984) also encouraged 

the use of transfer designs to adequately examine 

learning. In addition, these researchers proposed that 

to infer learning, the relatively permanent changes in 

the capability to respond should last longer than the 

practice session. 

When learning a skill, it can be determined whether 

the effects of knowledge of results are temporary or 

relatively permanent. If there is an immediate effect 

on performance when knowledge of results is present that 
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diminishes after its removal, then knowledge of results 

is considered to be a performance variable (Schmidt, 

1988). Studies on knowledge of results have shown that 

its effects are temporary demonstrating that it is a 

performance variable (Salmoni, Schmidt, & Walter, 1984). 

One of the temporary effects of knowledge of results is 

its ability to work as a motivational tool to help keep 

a subject from becoming bored with a task. Elwell and 

Grindley (1938) examined the use of knowledge of results 

in the acquisition and maintenance of a motor skill. 

Their findings indicated that knowledge of results 

appeared to lead to an improved performance by: (1) 

causing movements that were successful to be repeated, 

(2) causing a subject to correct inappropriate 

movements, and (3) establishing a conscious attitude or 

mood that is favorable for producing an accurate 

performance. Knowledge of results also appears to have 

an effect on vigilance under circumstances that are 

regarded as relatively tedious (Poulton, 1973). 

Salmoni, Schmidt, and Walter (1984) evaluated 

literature that suggested knowledge of results 

temporarily worked not only as motivation and a way to 

form associations between stimulus and response, but 

also as a form of guidance. The informational 

properties of knowledge of results informs a performer 
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of errors that have been made during a movement. It has 

been demonstrated that while physical guidance is 

present, performance improves (Salmoni, Schmidt, & 

Walter, 1984; Schmidt, 1988). However, performance 

worsens when guidance is removed (Annett, 1969). 

Another temporary effect of knowledge of results is 

its ability to affect goal-setting which has been 

explored by Locke and Bryan (1966). Subjects were 

divided into three groups that were given different 

goals, or standards, before they learned a complex 

skill. The first group had knowledge of their total 

performance and were instructed to set a higher standard 

for their next trial while the second group was only 

given knowledge of their performance. The third group 

was not given knowledge of results and did not set more 

difficult goals. Subjects who did not adopt higher 

standards (goals) and were told only to do their best, 

which is a typical instruction given in laboratory and 

educational environments, did not perform as well as 

those who were encouraged to set a more difficult goal. 

Results demonstrated that it was the kinds of 

performance goals a subject set with the information 

gained through knowledge of results that was most 

beneficial to improving performance. 
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Locke, Cartledge, and Koeppel (1968) reviewed 

literature that proposed that the motivational effects 

of knowledge of results encouraged goal-setting. Their 

conclusion was that the effects of motivational 

knowledge of results was reliant upon the goals that 

subjects set as a result of the information received 

after their performance. Locke, Shaw, Saari, and Latham 

(1981) found similar conclusions in their review of 

laboratory and field studies showing that setting goals 

enhanced the performance of a task. 

The majority of literature has accepted the concept 

that knowledge of results has a temporary effect on 

performance, and thus, can be interpreted as a 

performance variable. However, evidence that knowledge 

of results could be a learning variable was provided by 

Bilodeau, Bilodeau, and Schumsky (1959) who determined 

whether the presentation or removal of knowledge of 

results early or late during practice would affect 

performance. Subjects were divided into four groups 

with each group receiving varying amounts of knowledge 

of results. The results showed no improvement without 

knowledge of results; performance progressively improved 

with knowledge of results; and response adeptness 

declined when knowledge of results was removed. Thus, 

it could be assumed that learning occurred. However, 
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Bilodeau and colleagues implied that subjects receiving 

knowledge of results could have performed better due to 

the temporary effects of motivation. The researchers 

attempted to ascertain if learning actually occurred by 

utilizing a transfer test. They found that no learning 

occurred in the group without knowledge of results. 

Consequently, the researchers assumed that knowledge of 

results was a learning variable that not only affected 

learning, but without which, learning was eradicated. 

Since the majority of research conducted on 

knowledge of results has determined that it is an 

important variable in the acquisition of a motor skill, 

a premise could be made that more knowledge of results 

will produce an increase in learning. However, Salmoni, 

Schmidt, and Walter (1984) suggested that too much 

knowledge of results could be detrimental to learning. 

Baird and Hughes (1972) used varying ratios of 

information feedback to address the hypotheses that 

subjects who received partial knowledge of results would 

demonstrate greater resistance to extinction than 

subjects who received more knowledge of results. 

Subjects were randomly assigned to one of four fixed 

ratio groups which received 25%, 50%, 75%, or 100% 

information feedback. The results showed that at the 

end of the acquisition trials, the 100% group performed 
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the best while the 25% group performed the worst. 

However, the 25% and SO% groups performed better during 

the retention trials than the 75% and 100% groups. 

Consequently, it appears that while learning a task, a 

higher rate of knowledge of results improves 

performance; however, on subsequent transfer tests, less 

knowledge of results is more effective. 

Research Comparing Modeling with 
Knowledge of Results 

Literature has reported positive results on the 

effects of knowledge of results on learning a motor 

skill (Ammons, 1956; Arps, 1917; Bilodeau, Bilodeau, & 

Schumsky, 1959; Elwell & Grindley, 1938; Locke, Shaw, 

Saari, & Latham, 1981; Salmoni, Schmidt, & Walter, 

1984). Most studies on modeling have considered it an 

useful means for teaching a motor skill (Carroll & 

Bandura, 1982, 1985; Landers & Landers, 1973; Lirgg & 

Feltz, 1991; Martens, Burwitz, & Zuckerman, 1976; 

McCullagh, Weiss, & Ross, 1989; Ross, Bird, Doody, & 

Zoeller, 1985; Weiss & Klint, 1987). Less work has been 

done on the combined effects of modeling and knowledge 

of results leaving it difficult to determine which 

source is more important for learning. 
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Ross, Bird, Doody, and Zoeller (1985) suggested 

that the use of modeling as a learning variable can be 

as effective as knowledge of results in the acquisition 

of a motor skill. Subjects were randomly assigned to a 

correct model group, a combination of model and 

videotape feedback group, a videotape group, and a 

control group who only took part in physical practice 

with knowledge of results. All groups participated in a 

transfer design and retention test. Results showed that 

after the 60 acquisition trials, the model group had the 

best performance and the control group the worst. The 

transfer test showed that the performance of the model 

group was very similar to the control group. However, 

during the retention test, the model group remained at 

essentially the same level of performance while the 

videotape, combination, and control groups showed a 

decrease in performance. 

The combination of a model with videotape feedback 

was the most disruptive to forming a cognitive 

representation of the task since that group displayed 

the poorest performance on the retention test. The 

conclusion was that modeling may have played a more 

important role than knowledge of results in learning a 

skill. 
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McCullagh and Little (1990) expanded on Ross, Bird, 

Doody, and Zoeller's (1985) work by examining frequency 

of knowledge of results along with learning through 

observation. Their study consisted of randomly dividing 

subjects into one of three groups: (1) correct model 

observation with knowledge of results (Model + KR); (2) 

physical practice with partial knowledge of results (KR-

33%); and (3) physical practice with constant knowledge 

of results (KR-100%). Results of the transfer test 

indicated no significant differences between groups 

after the acquisition trials. In a no-knowledge of 

results/no-demonstration transfer condition, the 

performance of the Model + KR group rapidly declined. 

Subjects returned 24 hours later to perform a delayed 

transfer. 

In contrast to the results found by Ross and 

associates, however, similar decrements in performance 

for all groups from immediate transfer to delayed 

transfer were noticed. These results suggest that the 

learning effects developed by modeling with knowledge of 

results and practice with knowledge of results were 

similar. McCullagh and Little (1990) also suggested 

that error had reached a performance ceiling. Another 

explanation for the similarity of results was that 20 

acquisition trials with knowledge of results (each group 



performed at least this amount) was adequate for 

learning the timing task involved in the study. 
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Contrary to Ross, Bird, Doody, and Zoeller (1985) 

and McCullagh and Little (1990), Adams (1986) suggested 

that an observer who watched a model learn a movement, 

but received no knowledge of results on the accuracy of 

that movement, would be passive in forming a cognitive 

representation of the model's response. Even though the 

observer can see a change in the model's behavior and 

positive transfer occurs, the observer has no 

explanation for the change. One of the primary 

considerations here focused on whether the observer 

profited from merely observing a model rather than 

actually performing the task. Results indicated that 

the group that watched a model perform, but did not 

receive knowledge of results developed a cognitive 

representation of the movement while watching the model. 

However, the subjects who were given the model's 

knowledge of results performed the best. The evidence 

showed that learning a ~kill could be facilitated 

through observation and further enhanced by providing 

knowledge of results information. 
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Summary 

Information given prior to, during, or subsequent 

to a performance plays a significant role in reinforcing 

the correct execution of an action (McCullagh & Little, 

1990). Feedback given after a movement, or knowledge of 

results, has been considered the most important variable 

in learning a motor skill (Bilodeau, 1966; Salmoni, 

Schmidt, & Walter, 1984). It has not been until 

recently that modeling, or information given prior to a 

movement, has been actively studied by researchers 

(McCullagh & Little, 1990). 

Conditions necessary for learning a task involve 

having the learner motivated to learn and being given an 

indication of the nature of the task to be learned 

(Schmidt, 1988). One of the primary methods for giving 

a learner an idea of the task is through demonstration 

or modeling (Schmidt, 1988). Supporting evidence for 

the use of modeling when learning a motor skill has been 

noted in several studies (Carroll & Bandura, 1982; 

Landers & Landers, 1973; Martens, Burwitz, & Zuckerman, 

1976). 

After a learner has been provided with the 

mechanics necessary to produce a movement, he/she must 

practice the movement (Schmidt, 1988). It is important 

to furnish information that will facilitate learning 
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during practice. Knowledge of results is extrinsic 

feedback that is given to a subject at the end of 

performance providing information about the outcome of a 

movement. Evidence for the benefits of knowledge of 

results has been demonstrated in a variety of settings 

(Ammons, 1956; Arps, 1917). 

Temporary effects of knowledge of results include 

motivation (Elwell & Grindley, 1938; Poulton, 1973), 

guidance (Salmoni, Schmidt & Walter, 1984), and an 

ability to alter goal-setting (Locke & Bryan, 1966; 

Locke, Cartledge, & Koeppel, 1968; Locke, Shaw, Saari, & 

Latham, 1981). The motivational, guidance and goal

setting components suggest that knowledge of results is 

a performance variable. 

Even though studies have shown that knowledge of 

results is a performance variable (Elwell & Grindley, 

1938; Locke & Bryan, 1966; Locke, Cartledge, & Koeppel, 

1968; Locke, Shaw, Saari, & Latham, 1981; Poulton, 1973; 

Salmoni, Schmidt & Walter, 1984), data can be found 

indicating that knowledge of results is a learning 

variable (Bilodeau, Bilodeau & Schumsky, 1959; Schmidt, 

1988). Research by Bilodeau, Bilodeau, and Schumsky 

(1959) and Baird and Hughes (1972) demonstrated a 

resistance to extinction after a task was learned. This 

proposes that the effects of knowledge of results are 
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not temporary and create a more permanent change in 

behavior suggesting that learning has occurred (Schmidt, 

1988) 0 

Previous research has indicated that knowledge of 

results and modeling are effective in enhancing 

performance. Evidence exists that while acquiring a 

skill, subjects who receive a model and knowledge of 

results perform nearly identical to (McCullagh & Little, 

1990; Ross, Bird, Doody, & Zoeller, 1985) or better than 

(Adams, 1986) those who receive modeling or knowledge of 

results alone. Differences arise, however, when 

subjects are transferred to a different, but similar, 

performance setting. Results have indicated that 

modeling provided along with knowledge of results 

decrease performance (McCullagh & Little, 1990; Ross, 

Bird, Doody, & Zoeller, 1985), while other studies have 

indicated that more learning occurs when modeling and 

knowledge of results are combined (Adams, 1986). 



CHAPTER III 

METHOD 

Introduction 

Previous research has studied modeling and 

knowledge of results as methods of instruction for 

teaching motor skills. Consequently, the purpose of the 

present study was to utilize modeling and knowledge of 

results in a sequencing task in an attempt to determine 

if knowledge of results, modeling, or a combination of 

both allowed for the most improved performance. The 

following chapter deals with the subjects, equipment, 

procedures, and design used to analyze the data in the 

present study. 

Subjects 

Subjects included 52 Texas Tech University 

students. Males and females who volunteered to 

participate in the study were randomly assigned to one 

of four groups. 

Equipment 

The equipment consisted of 12 paper circles 14 

inches in diameter. The circles were placed three 

across and four down, and positioned 6 inches apart from 
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each other. Each circle was a different color (Figure 

1) . All of the circles were laminated and securely 

attached to the floor with double-sided tape. A line 
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1 foot long and 1 inch wide was placed 6 inches below 

the first row of circles. Timing pads were placed under 

the first and last circles in the sequence to start and 

stop the timing clock (Automatic Performance Analyzer, 

Dekan Timing Devices, Carol Stream, IL, Model #741). 

Procedure 

Upon entering the testing room subjects were asked 

to sign an informed consent form (Appendix A) and were 

given written instructions explaining the testing 

procedures (Appendix B). Subjects who appeared to have 

difficulty identifying the colors would have been 

eliminated from the study. All subjects, however, 

correctly identified each color. Subjects were randomly 

assigned to one of four groups. The groups received one 

of the following treatments: (1) correct model 

observation (Model Group); (2) knowledge of results (KR 

Group); (3) model plus knowledge of results (Model+ KR 

Group); and (4) the control group (Control Group). 

The Model + KR subjects watched a videotape of a 

model correctly stepping the sequence of colors and read 

instructions before each trial. The KR Group read 
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Figure 1. Testing Situation 
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instructions before each trial. The Model Group watched 

a model correctly stepping the sequence of colors on 

videotape before each trial. After each trial, subjects 

in the Model + KR and KR groups received knowledge of 

results (e.g., "correct" or "incorrect, the correct 

procedure is ... ") as to the accuracy of their 

performance. The Control Group read the instructions 

before each trial; however, no information from the 

experimenter about the correctness of performance was 

provided. 

Each group was given instructions listing the 

sequence of colors and the action to be performed on 

selected colors before each trial (Appendix C). The 

sequence of colors and action to be performed remained 

the same for all trials. 

The subject then stood at a line placed in front of 

the first row of circles with toes touching the line and 

arms at their side. The experimenter demonstrated the 

proper technique of stepping on the circles and a 

practice trial of three circle steps was allowed before 

the test began. Before the performance began, subjects 

were instructed to return immediately to the line after 

each trial. 

Next, the experimenter told the subject to start 

when ready. A timer pad was placed under the first 
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circle to be stepped on to start the clock and the last 

circle pad in the sequence to stop the clock. Each 

subject was given the instructions to "do the test as 

quickly as you can" and was allowed to see their time at 

the end of each trial. Time for each trial was 

recorded. Six acquisition trials were performed. Each 

trial was evaluated by the number of correct circles 

stepped in the sequence per trial and whether or not the 

action to be performed on a circle was executed 

correctly (Appendix D). 

For example, part of the task that the subject was 

required to complete consisted of: (1) stepping on the 

green circle; (2) move to the light blue circle and clap 

their hands; (3) step on the purple circle; and (4) move 

back to the light blue circle and ,touch the gray circle 

with their hand. However, if the subject: (1) stepped 

on the green circle; (2) stepped on the light blue 

circle; (3) stepped on the gray circle; and (4) stepped 

on the light blue circle and touched the gray circle 

with their foot, they would have been given a score of 

"three" out of a possible "six" points. This was due 

to: (1) not clapping their hands on the light blue 

circle; (2) stepping on the gray circle instead of 

purple; and (3) touching the gray circle with their foot 

instead of their hand while on the light blue circle. 



After each subject performed the six acquisition 

trials, a 5-minute rest period was provided. 

this time, subjects worked on a word puzzle. 

During 

Subjects 
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then performed a retention test of an additional three 

trials requiring moving on the same color sequence 

without written instructions, a model, or knowledge of 

results. Each subject returned 24 hours later to 

perform another retention test consisting of three more 

trials without written instructions, a model, or 

knowledge of results. 

Design 

Dependent measures collected for each subject were 

time to complete the task (in seconds) and number of 

correct movements performed. Time to complete the task 

(time data) was calculated from the time the subject 

stepped on the first circle in the sequence until 

stepping on the last circle in the sequence. Number of 

correct movements (response data) were calculated by the 

number of correct movements made in the twenty-movement 

sequence. 

Acquisition trials were separated into two blocks 

of three trials each. Retention trials were separated 

into two blocks of three trials each, one block for 

immediate retention and one block for delayed retention. 
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Acquisition and retention data were analyzed in two 

separate 4 x 2 (group x block) ANOVA's with repeated 

measures on the last factor. A third analysis used the 

last block of acquisition and both blocks of retention 

in a 4 x 3 (group x block) ANOVA with repeated measures 

on the last factor. 

The significance level for all analyses was set at 

the p<.05 level. Significant main effects were followed 

up using a Scheffe's test. 



CHAPTER IV 

RESULTS 

Introduction 

Data were evaluated by determining the number of 

correct responses made (response data) and the amount of 

time needed to complete each trial (time data). Data 

were calculated for each subject for both dependent 

measures. 

Response Data 

Scores from each subject represented the number of 

correct movements in the 20 movement sequence. 

Acquisition response data were analyzed in a 4 x 2 

(group x block) ANOVA with repeated measures on the last 

factor. Results demonstrated a significant main effect 

for block, F(1,48)= 245.21, p<.05, and group, F(3,48)= 

17.19, p<.05. Mean response scores for block and group 

are listed in Table 1. There was also a significant 

interaction between block and group, F(3,48)= 3.40, 

p<.05. This interaction is brought about due to the 

relatively large improvement from Block 1 to Block 2 for 

the KR, Control, and Model groups (difference= 5.3, 

4.59, and 5.21 for KR, Control, and Model groups 

respectively) and the relatively small improvement for 
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the Model + KR Group {difference= 3.0). The relatively 

small improvement from Block 1 to Block 2 for the 

Model + KR Group is most likely due to a ceiling effect. 

The mean correct response scores on Block 2 were 19.58 

of a possible 20. 

TABLE 1 
Mean Response Scores for Acquisition Trials 

Grou:g Mean Score for Mean Score for 
Block 1 Block 2 

Model + KR 16.58 19.58 

KR 13.82 19.12 

Control 13.15 17.74 

Model 10.71 15.92 

The results of the Scheffe's follow-up test for 

acquisition trials indicated that in Block 1, the 

performance by the Model + KR Group was significantly 

better than the KR, Control, and Model group's 

performance. There were no significant differences 

between the KR and Control groups. The KR and Control 

group's mean response scores, however, were 

significantly better than the Model Group's scores. For 

Block 2, there were no significant differences between 

the Model + KR, KR, and Control group's performance. 



The Model + KR Group and KR Group performed 

significantly better than the Model Group. There were 
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no significant differences between the Control and Model 

group's mean response scores. 

Retention error data were analyzed in a 4 x 2 

(group x block) ANOVA. Results indicated a significant 

main effect for block, F(1,48)= 6.57, p<.05, and group, 

F(3,48)= 7.94, p<.05. Mean response scores are listed 

in Table 2. There was no interaction between block and 

group. 

TABLE 2 
Mean Correct Responses for Retention Trials 

Grou:g Mean Scores for Mean Scores for 
Block 3 Block 4 

Model +KR 19.71 19.38 

KR 18.84 19.12 

Control 19.12 18.07 

Model 17.35 16.28 

The results of the Scheffe's follow-up test for 

Block 3 showed that the Model + KR Group's scores were 

significantly better than the Model Group's score. 

There were no significant differences between the KR, 

Control, or Model group's mean response scores. In 
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Block 4, there were no significant differences between 

the Model + KR, KR, and Control group's scores. The 

Model + KR and KR groups performed significantly better 

than the Model Group. There were no significant 

differences between the Control and Model group's 

scores. 

Because performance in Block 2 of acquisition 

trials was significantly better than performance in 

Block 1, Block 2 was included in the analysis examining 

acquisition and retention data. The final analysis 

examined acquisition and retention data in a 4 x 3 

(group x block) ANOVA with repeated measures on the last 

factor. A significant main effect was found for block, 

F(2,96)= 5.01, p<.05, and group, F(3,48)= 10.13, P<.05. 

The interaction was not significant. 

The follow-up Scheffe on the group main effect 

indicated that for all blocks, the performance by the 

Model + KR Group was significantly better than the Model 

Group. There were no significant differences between 

the Model + KR, KR, and Control group's mean response 

scores. The KR Group performed significantly better 

than the Model Group in Block 2 and Block 4, while there 

was no significant difference in response scores between 

the Control Group and the Model Group. 
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Time Data 

Time to complete the movement sequence was recorded 

for each trial. Trials in which subjects took longer 

than 60 seconds to complete the movement sequence, or 

failed to start or stop the clock were omitted from data 

analysis. Approximately 8% of the trials (over all 

subjects) were eliminated due to time errors. 

Acquisition blocks for time data were analyzed using a 

4 x 2 (group x block) ANOVA. Results indicated a 

significant main effect for block, F(1,15)= 9.61, p<.05, 

but not for group. Mean time data are listed in Table 

3. There was no interaction for block or group. 

Grou12 

Model 

KR 

TABLE 3 
Mean Time Scores (in seconds) for 

Acquisition Trials 

Mean Scores for Mean 
Block 1 

+KR 26.33 

31.13 

Control 30.70 

Model 31.41 

Scores for 
Block 2 

20.59 

23.22 

22.46 

27.57 

The results of the Scheffe's follow-up test 

indicated that there were no significant differences 

between groups for acquisition trials. 
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Retention blocks for time data were analyzed in a 

4 x 2 (group x block) ANOVA. A significant main effect 

was found for group, F(3,45)= 9.39, p<.05. Mean time 

scores for retention blocks are listed in Table 4. The 

other main effect and interaction were not significant. 

GrouQ 

Model 

~ 

TABLE 4 
Mean Time Scores (in seconds) for 

Retention Trials 

Mean Scores for Mean 
Block 3 

+~ 18.33 

18.55 

Control 18.83 

Model 25.94 

Scores for 
Block 4 

18.34 

18.41 

18.92 

24.24 

The results of the Scheffe's follow-up test for 

retention trials showed that there were no significant 

differences between the Model + KR, KR, and Control 

groups for time data. However, the Model + KR, KR, and 

Control group's mean time scores were significantly 

faster than the Model Group's time scores. 

Because performance on Block 2 of acquisition was 

significantly better than performance in Block 1, Block 

2 was included in the analysis examining acquisition and 

retention data. Acquisition and retention data, Blocks 
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2 through 4, were analyzed using a 4 x 3 (group x block) 

ANOVA with repeated measures on the last factor. A 

s~gnificant main effect was found for group, F(3,43)= 

6.86, p<.OS, and block, F(2,86)= 22.04, p<.OS. There 

was no significant interaction between block and group. 

Results of the Scheffe's follow-up test 

demonstrated that in Block 2 of acquisition, only the 

Model + KR Group's mean time scores were significantly 

better than the Model Group's scores. The Model + KR, 

KR, and Control group's performed significantly better 

than the Model Group in both retention blocks. 



CHAPTER V 

DISCUSSION 

Previous research has shown that both modeling 

(Anderson, Gebhart, Pease, & Rupnow, 1983; Feltz & 

Landers, 1977; Gould & Roberts, 1982; Landers & Landers, 

1973; Pollock & Lee, 1992; Wiese-Bjornstal & Weiss, 

1992) and knowledge of results (Bilodeau, Bilodeau, & 

Schumsky, 1959; Elwell & Grindley, 1938; Salmoni, 

Schmidt, & Walter, 1984; Schmidt, 1988) aid in skill 

acquisition. When modeling and knowledge of results are 

combined, some studies have shown a decrement in 

performance (McCullagh & Little, 1990; Ross, Bird, 

Doody, & Zoeller, 1985), while others have concluded 

that receiving both variables enhances performance 

(Adams, 1986). Consequently, the purpose of the present 

study was to determine whether receiving a model, 

knowledge of results, or a combination of the two 

variables aids in learning a complex sequential motor 

task. 

Data from the present study were analyzed for both 

the amount of time needed to complete each trial and 

number of correct responses made per trial. Time data 

indicated (although not of primary consideration) that 

in the latter stages of acquisition, only the Model + KR 
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Group performed better than the Model Group. Results of 

the retention data, however, indicated that the Model + 

KR, KR, and Control groups all had better mean time 

scores than subjects who received a model only. 

With respect to the number of correct responses 

made per trial, the results indicated that during the 

early stage of learning, subjects required both a model 

plus knowledge of results to form an internal reference 

of correctness. However, during the latter stages of 

learning, less information was needed since the Model + 

KR, KR, and Control groups had essentially the same 

performance. During the immediate retention test, 

subjects in the Control and KR groups were able to 

recall the task as well as those in the Model + KR 

Group. Furthermore, the subjects who received a model 

only performed as well as those who received knowledge 

of results and written instructions only. However, it 

appears that during delayed retention, knowledge of 

results was needed to recall the task since the Control 

Group's performance was no better than the Model Group's 

performance. 

The results of this study were similar to findings 

in previous research. For example, Gould and Roberts 

(1982) determined that subjects who verbally learned a 

predetermined movement sequence before performing the 



movement and those receiving a model plus verbal cues 

performed better than subjects who only observed a 

model. Furthermore, data presented by Bird et al. 

(cited in Ross, Bird, Doody, & Zoeller, 1985) 
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demonstrated that specific combinations of observational 

learning and physical practice with knowledge of results 

allow for a memory representation (i.e., symbolic 

coding) than is more robust than just giving physical 

practice with knowledge of results. Finally, in a study 

by Adams (1986), subjects who received a model plus 

knowledge of results performed better than subjects who 

viewed a model but did not receive knowledge of results. 

Consequently, since subjects in the present study who 

received a model plus knowledge of results performed 

better than subjects who viewed a model only, it appears 

that the information received by the Model + KR Group 

was not redundant and concurs, in part, with the 

original hypothesis (i.e., the Model+ KR Group would 

have the best performance). 

The results from the present study conflict, 

however, with those found by Ross, Bird, Doody, and 

Zoeller (1985) who suggested that subjects receiving a 

model would perform better than subjects receiving a 

model plus videotape feedback. In addition, McCullagh 

and Little (1990) found that subjects who received a 



model plus knowledge of results increased their errors 

during an immediate transfer test over subjects who 

received knowledge of results only. 
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An assortment of reasons for the discrepancies in 

modeling research can be found in the literature (Gould 

& Roberts, 1982; McCullagh, Weiss, & Ross, 1989; Scully 

& Newell, 1985; Sheffield, 1961). Some of these 

variables include: the type of task to be performed, 

task specificity or complexity, the novelty of a motor 

task, temporal spacing, the spatial orientation of the 

task to be modeled, and the stage of learning. 

Data have shown that the effects of modeling may be 

influenced by the type of task to be learned. For 

example, many of the studies that have found modeling to 

be an effective means of instruction have utilized tasks 

that could be considered as "ecologically valid" 

(Thomas, 1984, p. 91). In other words, the researchers 

attempted to use tasks representative of real-life 

situations such as: juggling (Meaney, 1991); modified 

fast pitch softball (Wiese-Bjornstal & Weiss, 1992); 

ball striking (Anderson, Gebhart, Pease, & Rupnow, 

1983); throwing (Williams, 1987); and a ball roll-up 

(Martens, Burwitz, & Zuckerman, 1976). 

Although the present study used a complex 

sequential stepping task in a controlled laboratory 
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setting (not a "real-world" task), the results are 

consistent with other studies that have used a similar 

task in a real-world setting. For example, Weiss and 

Klint (1987) utilized a sequential motor task which they 

considered to represent real-world motor skills (e.g., 

pick up a bean bag, gallop, skip). The researchers 

demonstrated that subjects who received the verbal model 

plus verbal rehearsal or the verbal rehearsal only 

condition performed better than the model only group. 

This result is consistent with the finding of the 

present experiment in which the model only group's 

performance was worse than the group receiving a model 

plus knowledge of results. 

Another variable that appears to effect learning 

through modeling is task specificity or complexity. 

Rather, tasks with a high informational load (i.e., 

number of procedural steps and/or strategies) are 

influenced more by modeling than those with a low 

informational load (Gould & Roberts, 1982; Scully & 

Newell, 1985). Consequently, the task performed in the 

present study may have had a low informational load 

resulting in subjects who were in the model only group 

not being aided by demonstration. 

Another factor that may have an impact on the 

effectiveness of modeling is the novelty of a motor 
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task. Research conducted in this area has been 

inconclusive (Scully & Newell, 1985). Some studies have 

shown that demonstration aids learning a novel motor 

task (Feltz & Landers, 1979; Landers & Landers, 1973), 

while others have indicated that modeling is more 

beneficial when learning a task using existing movement 

patterns (Martens, Burwitz, & Zuckerman, 1976). Gould 

and Roberts (1982) determined that the more novel the 

component movements of a task become (e.g., the 

difficulty of the component movement making up a task is 

high), the less likely it is that modeling will have an 

impact on learning the motor task. 

With regard to novel tasks versus tasks with pre

existing movement patterns, Scully and Newell (1985) 

conducted a study that looked at what information is 

detected by an observer in the perception of biological 

motion rather than how information is translated. They 

determined that observers pick up relative motion 

patterns (i.e., information concerning coordination 

patterns) from demonstration. As a result, in novel 

tasks where relative motion has to be coordinated, 

modeling helps the learner by providing relevant cues. 

Tasks that have movement patterns already established, 

however, provide information pertaining to common motion 

(i.e., scaling relative motion in response to the amount 
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of force or effort within an action pattern) . Scully 

and Newell (1985) suggested that the latter information 

may not be immediately pertinent to the learner's 

performance due to individual differences in 

optimization. As a result, the information received 

from demonstration concerning patterns of coordination 

to be produced is more salient than the scaling of 

effort within the action pattern. Therefore, it is 

possible that the information provided by the task 

utilized in the present study yielded data regarding 

common rather than relative motion. 

Data have shown that the temporal spacing of 

demonstrations can have an effect on learning a 

sequential motor task (Gould & Roberts, 1982). 

Sheffield (1961) suggested that for tasks consisting of 

a series of long, complex responses, a single 

demonstration may surpass the information-processing 

capacity of the observer (e.g., too much information is 

delivered to an individual faster than it can be 

processed). A modeled task represents a sequence of 

perceptual and symbolic responses that must be learned 

in the correct order and later interpreted into an 

accurate, overt performance. However, if the movement 

sequence is too long and complex to remember, 

"intraserial interference•• (Sheffield, 1961, p. 13) may 



occur (e.g., opposing memories cause the learner to 

forget the perceptual-symbolic sequence making up the 

response) . 
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Sheffield (1961) determined that an observer would 

have more time to code the stimuli received from a model 

if demonstrations were distributed throughout the 

practice period. In other words, if a single 

demonstration provides too much information, performance 

could improve if the learner is allowed to practice 

whenever the saturation point of what can be assimilated 

is reached. Although the present study provided the 

model prior to each trial, it is possible that the 

information overloaded the processing system. As a 

result, had the subjects who received the model only 

condition been able to break-down the sequential motor 

task into smaller parts, performance may have been 

enhanced. This theory suggests that when providing a 

model, more time (practice) will be needed to allow for 

learning a task. 

When supplying a subject with a demonstration, one 

question researchers have asked is how the task to be 

modeled could best be presented to an observer. 

Greenwald and Albert (1968) suggested that the more 

similar the visual modeling stimuli is to the visual 

performing stimuli (i.e., the visual stimuli that a 
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performer would receive by observing his/her own correct 

performance), the greater the positive transfer from 

observation to performance. In other words, if a 

teacher is trying to instruct a student on the correct 

execution of a baseball bat swing, the teacher's hands, 

arms, and the baseball bat, as seen by the student, 

would make up the visual performing stimuli. The model, 

or teacher, could teach the swing by: (1) facing the 

student; (2) standing beside the student; or (3) 

reaching over and around the student from behind. 

Greenwald and Albert (1968) determined that 

reaching over and around from behind a student would 

give that individual the closest estimate of the correct 

performing stimuli. This, in turn, would result in the 

most positive transfer from observation to performance. 

As a result, this hypothesis could explain, in part, the 

poor performance by subjects in the present study who 

received the model only condition. Since subjects 

watched the model perform at a 90 degree angle to their 

actual performance, the difference in spatial 

orientation may have caused the modeling deficit. 

Another aspect to be considered is whether 

demonstration or verbal instructions is most effective 

in the early or late phase of learning a motor skill. 

Fitts and Posner (1967) and Adams (1971, 1976) 
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determined that learning occurs in stages. The first 

stage, or verbal-motor stage, occurs early in the 

acquisition of a motor skill. During this stage, the 

learner is simply trying to get the idea of the task. 

Consequently, the task is more cognitive in nature and 

strategies are improved upon in terms of what the 

learner should do rather than making improvements on the 

motor pattern itself. Furthermore, at the verbal-motor 

stage, the emphasis is on providing external feedback 

(e.g., knowledge of results) to the performer to aid 

learning through the detection and correction of errors 

(Schmidt, 1988). 

The cognitive aspect of learning a motor skill also 

comes into consideration when a model is utilized as a 

means of instruction. Carroll and Bandura (1982) 

suggested that if an acceptable conceptual 

representation of a movement pattern has not been 

developed, there is no basis for error detection and 

correction, thus, learning does not occur. The 

researchers determined that visual feedback did not 

facilitate performance in the early stages of learning a 

complex sequential movement. Consequently, the six 

acquisition trials provided in the present study may 

have only represented the early verbal-cognitive stage 

of learning, thus not allowing enough time to form a 



conceptual representation of the task. As a result, 

verbal instructions (i.e., knowledge of results) were 

more effective than demonstration alone. 
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The results of the present study indicate that 

factors such as type of task, task specificity and 

novelty, and temporal spacing may influence the 

effectiveness of modeling on learning a motor skill. 

Since the group receiving a model plus knowledge of 

results consistently performed better than the Model 

Group, it appears that providing demonstration only may 

not be a sufficient means for learning a task. In 

addition, knowledge of results and written instruction 

seem to be as effective as providing a model plus 

knowledge of results. However, in order for an 

individual to be able to recall a task over a long 

period of time, knowledge of results is needed since 

there were no differences in performance when written 

instructions were given versus a model only. 

Consequently, it a can be hypothesized that when 

learning a complex sequential motor task, knowledge of 

results and/or written instructions are needed to 

supplement visual demonstration. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

When learning a motor skill, information can be 

given to the learner prior to, during, or after a 

response has been completed. Information given after a 

response about its outcome is termed knowledge of 

results (Schmidt, 1988). Some researchers consider 

knowledge of results to be the most important variable 

in learning a motor skill (Bilodeau, 1966; Salmoni, 

Schmidt, & Walter, 1984). However, information given 

prior to a movement (i.e., a model) can be an important 

means of learning due to its ability to provide 

instruction and motivation (Landers & Landers, 1973; 

Schmidt, 1988). Little work has been conducted, 

however, comparing modeling and knowledge of results as 

means of instruction. Consequently, the purpose of the 

present study was to examine the effects of modeling and 

knowledge of results on learning a sequential motor 

task. Another objective of this study was to determine 

whether combining modeling and knowledge of results 

would improve performance or provide too much 

information and inhibit performance. 

The results of the present study indicated that 

subjects receiving a model along with knowledge of 
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results had better mean time scores and number of 

correct responses than subjects who only viewed a 

videotaped model of the correct movement sequence. The 

data agrees with previous research that has found 

modeling to be inferior to other methods of instruction 

(e.g., physical practice, knowledge of results, reading 

written instructions) (Gould & Roberts, 1982; McCullagh, 

Weiss, & Ross, 1989; Scully & Newell, 1985; Sheffield, 

1961). Some examples given for the cause of the 

modeling deficit include the type, specificity, novelty, 

and temporal spacing of the task to be learned. 

In conclusion, whether the method of instruction is 

by written instruction, demonstration, or knowledge of 

results, it can usually be assumed that performance will 

improve with practice. Researchers and instructors, 

however, are primarily interested in whether or not the 

task was learned (Schmidt, 1988). As suggested by 

Schmidt (1988) and Salmoni, Schmidt, and Walter (1984), 

a retention test should be used to measure "relatively 

permanent changes in the capability for responding" 

(Schmidt, 1988, p. 346). Results of the present study 

indicated that learning occurred with all of the 

experimental conditions as evidenced by the superior 

scores from acquisition to immediate retention. In 

addition, although performance was poorer for all groups 
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from immediate to delayed retention, mean scores for 

delayed retention were still better than those from the 

second acquisition trial block. 

Schmidt (1988) took the importance of learning a 

step further by suggesting that primary interest may not 

lie in the fact that a task was learned. Rather, the 

question of whether learning was elevated in one 

condition over another could provide more pertinent 

information to the scientist and instructor. 

Consequently, it appears that although subjects in all 

of the groups in the present study learned the task, the 

question that should be considered is which group had 

the best performance, or what combination of variables 

produced the most learning. Since subjects in the Model 

+ KR Group performed better than the Model Group, it can 

be inferred that supplying a model along with knowledge 

of results andjor written instructions is a preferable 

means of instruction than merely giving demonstrations 

alone. 

Finally, when all of the data are considered, the 

results of the present study supports the view that the 

best method for teaching complex sequential motor tasks 

requires more than merely providing a visual model. 

Knowledge of results andjor written instructions should 

also be included in the teaching situation. 



Furthermore, the present results indicate that when 

teaching a task, one must consider factors such as the 

amount of practice and the complexity of the task in 

deciding what will be the best method for teaching the 

motor skill. 
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INFORMED CONSENT 

I hereby give by consent for my participation in 

the project entitled: "Effects of Modeling and Knowledge 

of Results on the Learning of A Sequential Motor Task". 

I understand that the person responsible for this 

project is Sean Wilson (telephone # 745-6592). Sean 

Wilson has explained that these studies are part of a 

project seeking to increase knowledge about basic 

perceptual, cognitive, and motor skills. 

Sean Wilson has: 1) explained the procedures to be 

followed and identified those which are experimental; 2) 

described the attendant discomforts and risks; 3) 

described the benefits to be expected; and 4) described 

appropriate alternative procedures. 

There are no known expected discomforts or risks 

involved in your participation in this study. It has 

been explained to be that the total duration of my 

participation will be less than 40 minutes; that only 

Sean Wilson will have access to the records andjor data 

collected for this study; and that all data associated 

with this study will remain strictly confidential. 

Sean Wilson has agreed to answer any inquires I may 

have concerning the procedures and has informed me that 

I may contact the Texas Tech University Institutional 

Review Board for the Protection of Human Subjects by 
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writing them in care of the Office of Research Services, 

Texas Tech University, Lubbock, TX 79409, or by calling 

742-3884. 

If this research project causes any physical injury 

to participants in this project, treatment is not 

necessarily available at Texas Tech University or the 

Student Health Center, nor is there necessarily any 

insurance carried by the University or its personnel 

applicable to cover any such injury. Financial 

compensation for any such injury must be provided 

through the participant's own insurance program. 

Further information about these matters may be obtained 

from Dr. Donald R. Haragan, Vice President for Academic 

Affairs and Research, 742-2184, Room 108 Administration 

Building, Texas Tech University, Lubbock, TX 79409. 

I understand that I may not derive therapeutic 

treatment from participation in this study. I 

understand that I may discontinue this study at any time 

I choose without penalty. 

Date 
Signature of Subject 

Date 
Signature of Project Director or Authorized 
Representative 

Date 
Signature of Witness to Oral Presentation 
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INSTRUCTIONS 
(MODEL + KR GROUP) 

Thank you for participating in this study. Your 

task is to perform a complex stepping movement as 

quickly and accurately as possible. 
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On the floor are twelve (12) colored circles. You 

will be required to move rapidly to all twelve (12) of 

the circles. A total of six (6) trials will be 

performed. Before each trial, a video of a model 

stepping on the twelve (12) colored circles will be 

provided. Be sure to watch the model's performance and 

follow the same pattern for stepping on the circles. 

After each trial, you will be informed as to the 

accuracy of your performance. For example, "Correct" or 

"Incorrect, the correct sequence . " 1S ••• You will also 

be given a list with the correct sequence of colors. 

To begin each trial, you will be asked to stand 

behind the starting line. You will step from one circle 

to the next as quickly as possible. When you step on 

the circles, place both feet together before moving to 

the next circle. Your performance will be timed for 

each trial. The experimenter will show you the correct 

way to step from circle to circle and you will be 

allowed to practice on three (3) circles before 

performing the actual task. Following the sixth (6) 
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trial, you will be given five (5) minutes to complete a 

word puzzle. You will then perform three (3) more 

trials of the twelve (12) circle stepping task. It will 

be necessary for you to return in twenty-four (24) hours 

to perform an additional three (3) trials. 

If you have any questions, please ask the 

experimenter. 



INSTRUCTIONS 
(KR GROUP) 

Thank you for participating in this study. Your 

task is to perform a complex stepping movement as 

quickly and accurately as possible. 

On the floor are twelve (12) colored circles. 

Before each trial, you will be given a list with the 

correct sequence of colors. You will be required to 

rapidly step on the twelve (12) colored circles in the 

same sequence as listed on the paper. A total of six 

(6) trials will be performed. After each trial, you 
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will be informed as to the accuracy of your performance. 

For example, "Correct" or "Incorrect, the correct 

. " sequence l.s ... 

To begin each trial, you will be asked to stand 

behind the starting line. You will step from one circle 

to the next as quickly as possible. When you step on 

the circles, place both.feet together before moving to 

the next circle. Your performance will be timed for 

each trial. The experimenter will show you the correct 

way to step from circle to circle and you will be 

allowed to practice on three (3) circles before 

performing the actual task. Following the sixth (6) 

trial, you will be given five (5) minutes to complete a 

word puzzle. You will then perform three (3) more 
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trials of the twelve (12) circle stepping task. It will 

be necessary for you to return in twenty-four (24) hours 

to perform an additional three (3) trials. 

If you have any questions, please ask the 

experimenter. 



INSTRUCTIONS 
(MODEL GROUP) 

Thank you for participating in this study. Your 

task is to perform a complex stepping movement as 

quickly and accurately as possible. 

77 

On the floor are twelve (12) colored circles. You 

will be required to move rapidly to all twelve (12) of 

the circles. A total of six (6) trials will be 

performed. Before each trial, a video of a model 

stepping the twelve (12) colored circles will be 

provided. Be sure to watch the model's performance and 

follow the same pattern for stepping on the circles. 

To begin each trial, you will be asked to stand 

behind the starting line. You will step from one circle 

to the next as quickly as possible. When you step on 

the circles, place both feet together before moving to 

the next circle. Your performance will be timed for 

each trial. The experimenter will show you the correct 

way to step from circle to circle and you will be 

allowed to practice on three (3) circles before 

performing the actual task. Following the sixth (6) 

trial, you will be given five (5) minutes to complete a 

word puzzle. You will then perform three (3) more 

trials of the twelve (12) circle stepping task. It will 
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be necessary for you to return in twenty-four (24) hours 

to perform an additional three (3) trials. 

If you have any questions, please ask the 

experimenter. 



INSTRUCTIONS 
(CONTROL GROUP) 

Thank you for participating in this study. Your 

task is to perform a complex stepping movement as 

quickly and accurately as possible. 
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On the floor are twelve (12) colored circles. You 

will be required to move rapidly to all twelve (12) of 

the circles. Before each trial, you will be given a 

list with the correct sequence of colors. You will then 

step on the colored circles in the same sequence as 

listed on the paper. A total of six (6) trials will be 

performed. You will be allowed to see the list before 

each trial. 

To begin each trail, you will be asked to stand 

behind the starting line. You will step from one circle 

to the next as quickly as possible. When you step on 

the circles, place both feet together before moving to 

the next circle. Your performance will be timed for 

each trial. The experimenter will show you the correct 

way to step from circle to circle and you will be 

allowed to practice on three (3) circles before 

performing the actual task. Following the sixth (6) 

trial, you will be given five (5) minutes to complete a 

word puzzle. You will then perform three (3) more 

trials of the twelve (12) circle stepping task. It will 



80 

be necessary for you to return in twenty-four {24) hours 

to perform an additional three (3) trials. 

If you have any questions, please ask the 

experimenter. 
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GREEN 

LIGHT BLUE - CLAP HANDS 

PURPLE 

LIGHT BLUE- TOUCH GRAY WITH HAND 

GRAY 

BLACK - TOUCH GRAY & DARK BLUE WITH LEFT FOOT 

GRAY- HANDS ON HEAD 

ORANGE - TOUCH DARK BLUE WITH RIGHT FOOT 

GRAY - TOUCH GRAY WITH HAND 

LIGHT BLUE 

PURPLE - TOUCH PURPLE WITH HAND 

PINK 
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