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APPLICATION

If you wanted fo instruct someone about how to
perform a skill, how would you do it?2 Probably,
you would demonstrate the skill, verbally describe
what to do, or use some combination of both ap-
proaches. But do you know enough about the effec-
tiveness of these different means of communication to
know which one to prefer or when to use each one
or both?

Demonstrating skills is undoubtedly the most
common means of communicating how to perform
them. We find demonstrations in o wide range of
skill acquisition situations. For example, a physical
education teacher moy demonstrate to o large
class how to putt in golf. An aerobics teacher may
demensirate to a class how to perform a particular
sequence of skills, A baseball coach may show a
player the correct form for bunting a ball. In a reha-
bilisation context, an occupational therapist may
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demonstrate to a patient how fo button a shirt, or a
physical therapist may demonstrate to a wheelchair
patient how to get from a bed into the chair. Con-
sider also some examples of how practitioners in
other professions use demonstration as an instruc-
tional strategy. Aerobics and fitness instructors
often demonstrate to their clients how to perform
specific activities. Pilates and yoga instructors show
their clients how to perform specific movements.
And athlefic trainers commenly demonstrate faping
techniques to sfudent trainers.

The practitioner demonstrates a skill because he
or she believes that in this way the leamer receives
the most helpful, as well as the most amount of, infor-
mation in the least amount of time. But, we should
know when demonsiration is effective and when it
may be less effective than some other means of com-
municating how to perform a skill.

Similarly, the instructor should know when verbal
instructions are an effective means of communicating
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how to perform a skill. And if verbal instructions
are given, what characterizes the most effective
instructions®

Application Problem to Solve " Describe a motar -
skill that you might help pecple learn. Describe: -
how you would provide them with information *
-about how to perform the skill before they: begin -
practicing the skill. Indicate why you would pre--
- sent this lnformchon in Th;s wcty cmd not in some
* other way. R '

DISCUSSION

It is ironic that although demonstration is a very com-
men methed of providing information about how to
perform a skill, there is not as much research related
to it as we might expect. However, in recent years
researchers have shown an increased interest in the
role of demonstration in motor skill learning.

There seem to be at least two reasons for the
increased interest in demonsiration and skill learning.
One reason is the phenomenal growth of interest in the
role of vision in skill learning. Because demonsirating
how to do a skill typically involves visual observation
on the part of the learner, researchers have been able
to use the study of demonstration and skill learning to
assess how the visual system is involved in skill acquisi-
tion and performance. Ancther reason for the current
inferest is that we know so lile about how to effectively
implement this very common instructional sirategy. As
a result, researchers have been making an increased
effort to improve our understanding of the role of dem-
onstration in skill insiruction and learning.

DEMONSTRATION

The terms modeling and ebservational learning
often are used interchangeably with the term
demonstration. Because demonstration is more
specific to the context of mstruction about how to
perform a skill, we will use this term in this text.

in a comprehensive review of research inves-
tigating the role of demonstration in motor skill
acquisition, McCullagh and Weiss (2001} discussed
evidence that indicates demonstration is more ef-
fective under certain circumstances than under
others. And in an article that reviewed research
concerning instruction of sports skills, Williams
and Hodges (2003) questioned many pepular be-
Liefs that influenced practice and instruction in the
coaching of soccer. One of the beliefs they ques-
tioned, which the researchers listed as “myths,”
was “Myth 1: Demonstrations are always effective
in conveying information to the learner” (p. 640).
Thus both reviews of research related to the effec-
tiveness of demonstrations as an instructional strat-
egy concluded that the practitioner should use
demonstration only after determining that the in-
structional situation indeed warrants the use of
demonstration, rather than some other form of pro-
viding information about skill performance. In the
following sections, we consider some of the con-
cerns that practitioners need to take into account
before making this instructional decision,

‘What the Observer Perceives

from a Demonstration

The decision about the situations in which dem-
onstration would be preferred should be based on
our knowledge of what a person actually “sees”
when a skill is demonstrated. Note the use of the
word “sees” rather than “looks at.” What we see
and what we look at can be very different. What
we “see” is what we perceive from what we look
at. This distinction is particularly relevant to the
discussion of demonstration, because what a per-
son perceives from a skill demonstration is not
necessarily something that he or she specifically

modeling the use of demonstration as a means of
conveying information about how to perform a skill.

observational learning  learning a skill by
observing a person perform the skill; also known as
modeling.
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An experiment by Williams (1988) provides an ex-
ample of the use of the point-light technique. Eighty
adulis (ages eighteen to twenty-five years) and eighty
children (ages fourteen to fifteen years) observed a
video point-light display of a side view of the arm
of a seated person throwing a small plastic ball at a
target (see figure 14.1). The video showed only dots
of light at the shoulder, elbow, and wrist joints of the

Perceiving a Throwing Action from Observing a Point-Light Display

persen throwing the ball. The author showed partici-
pants the video three times and then asked them what
they had seen. Results showed that 66 percent of
the children and 65 percent of the adults responded
that they had seen a throwing motion. An additional
25 percent of the adults and 23 percent of the chil-
dren made this response after seeing the video one
additional time.

c.

FIGURE 14.1 An example of use of the point-light technique ix molor learning research. {a} The model
demonstrating the throwing of a small ball at a target. (b) A static image of the point-light display of the
model’s arm with lights at the shoulder, ¢lbow, and wrist joints. (¢) Four still frames of the video shown to
subjccts, From left to right, these depict the arm at the start of the throw, at maximal flexion, at release of

the small ball, and at completion of the thraw. [Reproduccd with permission of author and publisher from Williams,
1. G. (1989). Visual demonstration and movement production: Effects of timing variations in a model’s action. Perceplutal
and Motor Skills, 68, 891-896. © Perceptual and Motor Skills 1989.] ’
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looks at or looks for, It is also important to keep in
mind that what we perceive may be at a conscious
or nonconscious level of awareness. For example,
when people are asked later to describe verbally
what they saw in a demonstration that helped them
perform a slall, they. do not always give a very
accurate accounting.

Research evidence has shown consistently that
the observer perceives from the demonstration infor-
mation abeout the coordimation pattern of the skill
(e.g., Ashford, Bennett, & Davids, 2006; Horn &
Williams, 2004). More specifically, the observer
perceives and uses invariant features of the coordi-
nated movement pattern 10 develop his or her own
movement pattern to perform the skill.

Two types of research evidence support this
view, One involves the investigation of the visual
perception of motion; the other is the investiga-
tion of the influence of demonstration on learning
a complex skill. Taken together, these two types of
research indicate that the visual system automali-
cally detects in a movement pattern invariant infor-
mation for determining how to produce the observed
action. In sonie manner, which scientists do not
fully understand and continue to debate, the pesson
translates the perceived information into movement
cotmmands to produce the action,

The Visual Perception of Motion

Research investigating the perception of human
motion attempts to answer questions about how
people recognize movement patterns they see in
their world. An important principle developed from
this research is that people rarely use specific char-
acteristics of the individual components of a pat-
tern to make judgments about the pattern, Rather,
they use relative information about the relation-
ships among the various components.

Using a procedure known as the peint-light
technique, researchers have identified the relative
information involved in the visual perception of
human movement. This procedure invelves placing
lights or light-reflecting markers on the joints of a
person who is then filmed or videotaped performing
an action or skill. Then the researcher plays the film

or video so that the person who watches the film
or video sees only bright dots in motion. The first
reported use of this procedure (Johansson, 1973)
showed that people could accurately label differ-
ent gait patterns, such as walking and running, by
observing the moving dot patterns. Later, Cutting
and Kozlowski (1977} showed that from observing
moving dot patterns, people actually could identify
their friends. Since that fime, an impressive amount
of research has shown similar results for the percep-
tion of human motion based on point-light displays
of a variety of movements. (For a review of this
research see Blake & Shiffar, 2007). Using a com-
puter simulation, Hoenkamp (1978) showed that
the movement characteristic people use to identify
different gait patterns is not any one kinematic vari-
able, but the ratio of the time duration between the
Jorward and return swings of the lower leg.

This groundbreaking research on the percep-
tion of human movement provided two important
conclusions that help our understanding of obser-
vational learning. First, people can recognize dif-
ferent gait patterns accurately and quickly without
seeing the entire body or all the limbs move. Sec-
ond, the most critical information people perceive
in order to distinguish one type of gait pattern from
another is not any one characteristic of the gait,
such as velocity of the limbs. Instead, people use
the invariant relative time relationship between
two components of gait, From these conclusions
we can hypothesize that the invariant relationships
in coordinated movement constitute the critical
information involved in observational learning.

point-light technique  a research procedure used
to determine the relative information people use to
perceive and identify coordinated human actions; it
involves placing LEDs or light-reflecting material on
certain joints of a person, then filming or videotaping
the person performing an action; when an observer
views the film or video, he or she sees only the peints
of light of the LEDs or light-reflecting markers, which
identify the joints in action,
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Investigating What the Observer Perceives
from a Skilled Demonstration

The second type of research providing evidence
about what an observer uses from a skill demon-
stration provides more direct evidence that people
perceive invariant relationships. An example is an
experiment by Schoenfelder-Zohdi (1992) in which
subjects practiced the slalom ski simulator task
shown in figure 14.2. This simulator consisted of
two rigid, convex, parallel fracks on which a mov-
able platform stood. A participant stood on the plat-
form with both feet and was required to move the
platform to the right and then to the left as far as
possible (55 ¢m to ecither side) with rhythmic sla-
lom ski-like movements. The platform was con-
nected on either side to each end of the apparatus by
strong, springlike rubber bands, which ensured that
the platform always returned fo the center (normal)
position. Thus, the participant had to learn to con-
trol the platform movement by using smooth ski-
like movements, just as he or she would if actually

FIGURE 14.2 A person performing on the slalom
ski simulator. Note that the person has attached
LED markers for movement analysis purposes.

skiing. Participants practiced this skill for several
days after they had either observed a skilled model
perform the task or received verbal information
about the goal of the task. A movement analysis of
limb movements showed that participants who had
observed the skilled demonstration developed coor-
dinated movement patterns earlier in practice than
did those who had not observed the demonstration.
Figure 14.3 shows one example of these results,
Similarities between a skilled model’s and a nov-
ice’s coordination characteristics provide important
evidence that observers of skilled demonstrations
detect and use invariant coordination features to
guide their own performance of a skill. However,
stronger support of this conclusion comes from evi-
dence showing performance similarities that resuit
from observations of full-body and point-light mod-
els. An example of this type of evidence was pro-
vided by Horn, Scott, Williams, and Flodges (2005).
They found that observers who watched video dis-
plays and those who watched point-light displays
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of a soccer-chipping skill showed no differences in
their imitation of the model’s relative motion char-
acteristics. Additionally, a study by Abernethy and
Zawi (2007) showed that expert badminton play-
ers predicted the direction of an opponent’s strokes

in advance of racquet—shuttiecock contact just as
well when they viewed full-body film and point-
light displays. Although this study did not investi-
gate modeling, it demonstrates that, through years
of observing opponents in action, skilled athletes

S G o
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In a review of mitror neuron research, Pomeroy and
colleagues in London, England (Pomeroy et al., 2005)
concluded that the existence of a human mirror neu-
ron system in the brain suggests the beneficial use
of observation-based therapy for the rehabilitation
of upper arm movement in poststroke patients. The
therapy would involve stroke patients observing a
healthy person’s arm movements during goal-directed

Clinical Implications of a Mirror Neuron System

activities. Since that proposal, researchers have
reported experiments that have found support for
the benefit of observational learning (referred to as
“action observation” by rehabilitation researchers) for
improving arm and hand function of stroke patients,
especially when combined with regular physical ther-
apy (e.g., Celnik, Webster, Glasser, & Cohen, 2008,
Ertelt, Smali, Solodkin et al., 2007).

learned to visually detect and use invariant kinematic
information related to specific movement coordina-
tion patterns. (For an in-depth review of research
addressing the question of what is leamned dur-
ing observational learning, see Hodges, Williams,
Hayes, & Breslin, 2007).

The Influence of Skill Charaeteristics

Research investigating the influence on learning
of demonstration has produced equivocal find-
ings about the effectiveness of skill demonstration,
Some researchers have found that demonstration
feads to better skill learning than other forms of
wstruction; others have found that it does not, But
as Magill and Schoenfelder-Zohdi (1996} pointed
out, a closer inspection of that research leads to the
conclusion that the influence of demonstration on
skill acquisition depends on characteristics of the
skill being learned. The most important charac-
teristic leading to the beneficial effect of demon-
stration is that the skill being learned requires the
acquisition of a new pattern of coordination.

We see this clearly when we organize into two
categories the results of research investigating the
effect of demonstration on skill learning. In one
category are those experiments in which partici-
pants learned more quickly after demonstration than
after other forms of instruction. In experiments in
this category, participants typically learned skills
requiring them to acquire new patterns of limb
coordination. In the other category are experiments
in which participants usually learned skills no better

after observing demonstrations than after receiving
other forms of instruction. In these experiments,
the participants practiced skills that required them
to acquire new parameter characteristics for well-
learned patierns of limb coordination.

THE NEURAL BASIS FOR
OBSERVATIONAL LEARNING:
MIRROR NEURONS IN THE BRAIN

In the early 1990s, neuroscientists in Ialy, led by
Giacomo Rizzolatti, discovered that when mon-
keys observed another monkey reach out ils arm
to grasp something, neurons in the F5 area of their
premotor cortex became active (see Rizzolatti &
Craighero, 2004; Miller, 2005). These neurons,
known as mirror neurons, are a specific class of
visuomotor neurons in the brain. The important
question for understanding the neural basis for
observation learning by humans is this: Does the
human brain contain mirror neurons? Several stud-
ies have provided evidence that supports mirrorlike
neurons in the human brain,

In one study, a group of neuroscientists in Los
Angeles, California, pooled data from seven fMRI
studies in which people observed and imitated sim-
ple finger movements (Molnar-Szakacs, lacoboni,
Koski, & Mazziotta, 2005). The researchers noted
that during observation, specific areas activated
in the inferior frontal gyrus (IFG), which is in the
inferior frontal lobe of the cerebral cortex. Two
sections of the IFG activated during observation
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for beginners by having them observe other beginners.

Participants: Female university students who had
no previous formal training or regular participation
in tennis

Task: Tennis forehand volley with the nondominant
hand

Practice procedures; All participants first saw a brief
instructional videotape that emphasized the basic ele-
ments of the volley _

* Learning model group: Participants practiced the
volley for fifty trials; the instructor provided verbal
feedback after each trial. Each student in this group
had a student, who was not in this group, observe
and listen to a videotape of her practice trials.

« Observer groups: After observing the learn-
ing models, participants were divided into
two groups and began their own fifty trials of
practice.

Beginners Learn by Observing Other Beginners: Learning the Tennis Volley

An experiment by Hebert and Landin (1994) nicely ilfustrates how practitioners can facilitate skill acquisition

—Observer group with verbal feedback: Partici-
pants in this group received verbal feedback
from the instructor after each practice trial.

—Observer giroup without verbal feedback: Par-
ticipanis in this group did not receive verbal
feedback from the instructor after each practice
trial.

Control group: Participants in this group practiced

fifty trials of the volley without having observed

the learning model participants or receiving verbal
feedback from the instructor.

.

Results: On a posttest of the volley given afier the
practice trials, both observer groups performed better
than the control group.

Conclusion: Having beginning tennis players observe
other beginners practice a skill before they begin to
practice will facilitate their learning of the skiil.

(the pars triangularis and the dorsal section of the
pars opercularis) but not during the movement imi-
tatton. Interestingly, the IFG includes the region of
the brain known as Broca’s area, which is impor-
tant in speech production,

Researchers in Germany (Zentgraf et al., 2005)
used MRI to assess brain activity during the
observation of whole-body gymnastics move-
ments, Their results showed that when participants
were asked to observe with the intent to imagine
themselves imitating the movements, activation
was recorded in the supplementary mofor area
(SMA) of the cortex. Interestingly, when the partic-
ipants were asked to observe the movements with
the intent to judge their accuracy and consistency,
the pre-SMA area activated. Other fMRI research
has found mirrorlike neuron activity in the pari-
etal cortex, which is involved in interhemispheric
visuomotor integration (lacoboni & Zaidel, 2004),
and lateral temporal cortex, which is involved in

processing complex visual motion (Beauchamp,
Lee, Haxby, & Martin, 2003). In addition to using
MR, researchers have also used EEG recordings
to provide evidence of the involvement of a mir-
ror neuron system during action observation (e.g.,
Calmels, Hars, Holmes, Jarry, & Stam, 2008).

Taken together, these brain activity recording
methods indicate the existence of a mirror neuron
system, although many questions remain unre-
solved concerning its specific characteristics and
functions. {For a more complete review of research
on the mirror neuron system and its implica-
tions for physical rehabilitation, see lacoboni &
Mazziotta, 2007).

Observing Skilled Demonstrations

A common guiding principle for demonstrating a
skill is that the demonstrator should perform the
skill correctly. Why would more accurate demon-
stration lead to better learning? Two reasons are

At
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evident from the research literature, The first reason
follows our discussion of perception of information
in the preceding section. If the observer perceives
and uses information related to invariant movement
patterns, it is logical to expect the quality of per-
formance resulting from observing a demonstration
to be related to the quality of the demonstration.
Another reason is that in addition to picking up
coordination information, an observer also per-
ceives information about the strategy used by the
model to solve the movement problem. Typically,
the observer then tries to imitate that strategy on his
or her initial attempts at performing the skill.

Novices Observing Other Novices Practice
Although the theoretical predictions and the empiri-
cal evidence indicate that it is preferable for begin-
ners to observe skilled demonstrators, evidence
indicates that beginners can derive learning ben-
efits even from observing unskilled demonstrators,
especially if both the observers and the models
are beginners. What this means is that the models
are “demonstrators” only in that the observers are
watching them practice.

One proposed benefit of this use of demonstra-
tion is that it discourages imitation of a skilled
model’s performance of the skill and encourages
the observer to engage in more active problem
solving. We can trace evidence for the benefit of
this approach to the 1930s (e.g., Twitmeyer, 1931),
although widespread interest in this approach did
not develop until Adams (1986) published some
experiments. Since then, others have pursued the
investigation of the use and benefit of observing
an unskilled model (e.g., McCullagh & Meyet,
1997; Pollock & Lee, 1992; Weir & Leavitt, 1990).
Results of this research have consistently shown
that beginners who observe other beginners practic-
ing a skill will perform at a higher level when they
begin to perform than the beginners they observed.

One way to effectively implement this use of
demonstration is by pairing students, athletes, or
patients in situations where one of the pair per-
forms the skill while the other observes. After a
certain number of trials or amount of time, the
pair switches roles. On the basis of what we know

Lab 14 in the Online Learning Center Lab Manual
provides an opportunity for you to experience how
a beginning learner observing another beginner
practice can facilitate the learning of the observer
when he or she begins to practice the skill.

from the research literature, learning of the skill
can be facilitated for both the performer and the
observer by having the teacher, coach, therapist,
or some other knowledgeable person provide
verbal feedback to the performer. Another effec-
tive strategy is to provide the observer of the pair
with a checklist of key aspects of the skill. The
observer shoutd look for each aspect, check it on
the list, and then provide some feedback to the
performer. Under these conditions, the observer
actively engages in problem-solving activity that
is beneficial for learning. The learner observes
what the unskilled model does, what the “expert”
tells him or her is wrong with the attempt, what
the model does to correct errors, and how success-
ful he or she is on the succeeding attempts.

The Timing and Frequency

of Demonstrating a Skitl

One of the reasons for demonstrating a skill is to
communicate how to perform the skill. For the
beginner, demonstration provides an effective
means of communicating the general movement
pattern of the action or skill. As we discussed in
chapter 12, Gentile considered this to be the goal of
the first stage of learning. When applied to the use of
demonstration, Gentile’s view suggests two things.
The first is that it is beneficial to demonstrate a skill
before the person begins practicing it. The second
is that the instructor should continue demonstrating
during practice as frequently as necessary,

Earlier, we pointed out that a skilled demonstra~
tion communicates the invariant characteristics of a
movement pattern. If this is the case, then we would
expect that the more frequently a beginner observes
a skilled demonstration, the more opportunity the
beginner will have to acquire the movement pattern.

CHAPTER 14 @ DEMONSTRATION AND VERBAL INSTRUCTIONS 317

Mean form score
no
|

O g

A

-1 Combination

1 -@ Ali-prepracticed

—/— Interspersed

G | | | | | I j | | J
1 2 3 4 5 5] imm. 48-h FIGURE 144 Th i
L . K e results of the experi-
Acquistion blocks Retention ment by Weeks and Anderson showing
form and accuracy scores for practice
40 — trials and retention tests for an overhand
O volleyball serve for three groups that
o 35 observed ten skilled demeonstrations in
‘g ao different amounts and at different times
: os b b O before and during practice. The form
g 2 o scores represent the mean of ten aspects
S oo A of form, each rated on a scale of 0 to 5,
§ sl o with 0 indicating .a c?m[l)lete absence of
c -0 Combination the aspect, and 5 indicating the aspect
8 10 -& All-prepracticed was performed as recommended. [Source:
= 05k - Interspersed Figures 1 (p. 266) and 2 (p. 267} in Weeks,
0.0 | | ( | | | | | | | D. L., & Anderson, L. P. (2002). The interaction

L] 2 3 4 5 6
Acquistion blocks

At least two research studies support this latter point.
One, by Carroll and Bandura (1990), involves the
learning of complex moverment patterns of a compu-
ter joystick; the other, by Hand and Sidaway (1993),
involves the learning of a golf skill. Both experi-
ments provided evidence that more frequent obser-
vations of the model yielded better skill learning.
An experiment by Weeks and Anderson (2000),
which investigated the issue of the timing of demon-
strations, provides some additional insight into both
the timing and frequency questions. The demonstrated
skill involved a skilled volleyball player hitting an
overhand serve. Participants, who had no previous
experience hitting this serve, observed a video of
ten demonstrations and performed thirty serves.
The all-prepractice group watched all ten before
performing the thirty serves; the interspersed group
observed one demonstration and then performed

imm. 48-h

of observational learning with overt practice:
Effects on motor iearning. Aeta Piychologica,
Retention 104, 259-271]

three serves, in series throughout the practice period,
and the combination group viewed five demonstra-
tions before performing fifteen serves, then viewed
five demonstrations before performing the final fif-
teen serves. All participants performed in two reten-
tion tests, which were 5 min and 48 hr respectively
after the practice session. The results (figure 14.4)
showed the benefit of the combination and all-
prepractice conditions, as both led to better form
and accuracy scores than the interspersed condition.
In terms of the timing and frequency of demon-
strations, these results indicate that several demon-
strations should precede practice. Although it would
be interesting to see how these demonstration
schedules would have influenced learning had they
been implemented in several days of practice, the
results for one practice session reveal the impor-
tance of prepractice demonstrations.
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Auditory Modeling
Our discussion so far has focused on visual.demon-
stration. However, there are skills for which visual
demonstration is less effective for learning than
other forms of demonstration. An example is a skill
for which the goal is fo move in a certain criterion
movement fime or riythm. For these types of skill, an
auditory form of demonstration seems to work best.
A good research example of the effectiveness of
auditory modeling when the goal is a specific move-
ment time is an experiment by Doody, Bird, and
Ross (1985). The task required people to perform a
complex sequential movement with one hand in a
criterion movement time of 2.1 sec. Visual and audi-
tory demonstration groups observed a videotape of a
skilled model before each practice irial. The visual
demonstration group saw only the video portion of
the tape and heard no sound. The auditory demonstra-
tion group heard only the audio portion of the mod-
eled performance and did not see the task performed
by the model. Results indicated that the group that
heard the audio portion of the performance did better
than the visual demonstration—only group.

Cognitive mediation theory. The predominant
view 1s based on the work of Bandura (1986) con-
cerning modeling and social learning. This view,
called the cognitive mediation theory, proposes
that when a person observes a model, he or she
translates the observed movement information
into a symbolic memory code that forms the basis
of a stored representation in memory. The reason
the person transforms movement information into
a cognitive memory representation is so that the
brain can then rehearse and organize the informa-
tion. The memory representation then serves as a
guide for performing the skill and as a standard
for error detection and correction. To perform the
skill, the person first must access the memory rep-
resentation and then must translate it back into the
appropriate motor control code to produce the body
and limb movements. Thus, cognitive processing
serves as a mediator between the perception of the
movement information and the performance of the
skill by establishing a cognitive memory represen-
tation between the perception and the action.
According to Bandura, four subprocesses gov-

Two research examples of the benefit of auditory ¢ ern observational learning. The first is the aiten-

modeling to aid the learning of a rhythmic sequence

involve a laboratory task and a sequence of dance ™

steps. In an experiment by Wuyts and Buekers
{1995), people who had no prior dance or music
experience learned a sequence of thirty-two choreo-
graphed steps. For acquiring the rhythmic timing of
this sequence, participants who heard only the tim-
ing structure learned it as well as those who both
saw and heard the sequence performed by a model.
The second example is an experiment by Lai, Shea,
Bruechert, and Little (2002) in which they found
that auditory modeling enhanced the learning of a
sequence of five time intervals when two keyboard
keys were alternately depressed. Before each prac-
tice trial, participants heard a sequence of tones that
represented the timing sequence they were to learn.

How the Observing of Demonstrations
Inflzences Learning

In terms of learning theory, an important question
is this: Why does observing demonstrations benefit
motor skill learning? Two different views propose
answers o this question.

tion process, which involves what the person
obsetves and the information he or she extracts

from the model’s actions {Because of the imp(;lff
tance of the attention process for learning, direct- |
ing full attention to the demonstration rather than/
the mere observation of it is important for optimal!
fearning. The second is the retention process, in|
which the person transforms and restructures what;
he or she observes into symbolic codes that the|
person stores in memory. Certain cognitive activi-|
ties, such as rehearsal, labeling, and organization|
are involved in the retention process and benefit
the development of this representation. The behav-

for reproduction process is the third subprocess;
during it, the person translates the memory repre-
sentation of the modeled action and turns it into
bhysical action. Successful accomplishment of
his process requires that the individual possess the
hysical capability to perform the modeled action.
Finally, the motivation process involves the incen-
tive or motivation to perform the modeled action.
This process, then, focuses on all those factors
hat influence a person’s motivation to perform. |

|
|
|

|
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Unless this process is completed, the person ”\yillg
not perform the action. |~ T

Several tésearch studies have provided support
for the cognitive mediation theory by demonstrat-
ing evidence that is in line with predictions of the
theory. For example, Ste.-Marie (2000) provided
support for the prediction that attention is an
important process in observational learning. In a
series of four experiments, participants who had to
divide theit attention between performing a cogni-
tive secondary task (counting backwards by threes)
and observing a model did not learn the skill as well
as those who did not perform a secondary task. In
an experiment discussed in chapter 10, Smyth and
Pendleton (1990) showed that the prevention of the
rehearsal process hindered learning a skill. In their
experiment, some participants engaged in maove-
ment activity during the interval of time between
the demonstration of a sequence of movements
and their attempts to reproduce those movements.
These participants recalled fewer movements than
those who did not engage in activity during this
time interval. And Blandin and Proteau {(2000) pro-
vided evidence that observational learning involves
the development of effective error detection and
correction, which the cognitive mediation theory
describes as an important function of the memeory
representation that develops during observational
learning. In two experiments, participanis’ estima-
tions of their performance error and their use of that
estimation on the next practice trials were similar
for an observational learning situation and one in
which participants did not observe a model.

Dynamic view of modeling. The second view 18
based on the direct perception view of vision pro-
posed many years ago by 1. J. Gibson (1966, 1979).
Scully and Newell (1985) adapted Gibson’s view
10 the visual observation of a skilled demonstration
and proposed the dynamic view of medeling as an
alternative to Bandura’s theory. The dynamic view
questions the need for a symbolic coding step {the
memory representation step) between the observa-
tion of the modeled action and the physical perfor-
mance of that action. Tnstead, it maintains, the visual
system is capable of automatically processing vis-
ual information in such a way that it constrains the

motor control system to act according to what the
vision detects. The visual system “picks up” from
the model salient information that effectively con-
strains the bedy and limbs to act in specific ways.
The person does not need to transform the informa-
tion received via the visual system into a cognitive
code and store it in memory. This is the case because
the visual information directly provides the basis for
coordination and control of the vatious body parls
required to produce the action. Thus, the critical
need for the observer in the early stage of learning is
to observe demonstrations that enable him or her to
perceive the important invariant coordination rela-
tionships between body parts. Additional observa-
tions of the model will benefit the learner by helping
the person learn to parameterize the action.

In addition to the type of research evidence pro-
vided in the experiment by Schoenfelder-Zohdi
(1992), which we considered earlier, evidence
based on the use of the point-light display as the
model has supported the prediction that the observer
of a skilled demonstration perceives invariant coor-
dination characteristics. An experiment by Horn,
Williams, and Scott (2002) is a good example of
this type of evidence. Female novice soccer play-
ers viewed a video of a skilled performer, a point-
light display of a skilled performer, or no model.
The skill involved chipping a soccer ball a distance
of 5 m over a barrier {0.35 m height) onto a target
area tocated 2.5 m from the barrier. The poini-light

cognitive mediation theory a theory for explain-
ing the benefit of a demonstration proposing that
when a person observes a skilled model, the person
translates the observed movement information into a
cognitive code that the person stores in memory and
uses when the observer performs the skill.

dynamic view of modeling  a theoretical view
explaining the benefit of observing a skilled model
demonstrate a skill; it proposes that the visual system
is capable of automaticaily processing the observed
mevement in a way that constrains the motor control
system to act accordingly, so that the person does not
need to engage in cognitive mediation.
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display, which was made from the video of the
model performing the skill, showed eighteen light-
reflecting markers attached to the models major
joints. The video and point-light display were
shown life-size to the participants on a screen at
three different times during the practice session.
The results showed that during practice and on a
retention test, target accuracy was similar for the
video and point-light display groups, with both
groups more accurate than the no-model group.
And the kinematic characteristics were similar for
participants in the video and point-light display
groups. As a result, the evidence provides support
for the dynamic view’s contention that the observer
detects and uses coordination information based on
the movement of limb segments, which is the only
information the point-light display provided.

Which view is correct? Unfortunately, there is
no conclusive evidence in the research literature
that shows one of these two views of the modeling
effect to be the more valid one. As you saw in the
discussions of each view, both have research sup-
port for some specific assertions. As a result, until
we have research evidence that one view cannot
explain, we must consider which view is a possible
explanation of why modeling benefits skill acquisi-
tion. The cognitive mediation theory has been the
more prominent of the two, receiving more atten-
tif)n in motor skills research. However, the dynamic
view is growing in popularity.

VERBAL INSTRUCTIONS AND CUES

Verbal instructions rank with demonstration as a
commonly used means of communicating to peo-
ple how to perform motor skills. Evidence supports
the value of verbal instructions for facilitating skill
acquisition. Several factors are particularly impor-
tant for developing effective verbal instruction,

Verbal Instructions and Attention

An important performer characteristic we dis-
cussed in chapter 9 that relates to giving verbal
instructions is that the person has a limited capacity
{o attend to information. Because of this limitation,

To teach goalkeeping skills, the instructor must decide when to
use demonstrations and when to provide verbal instructions.

the practitioner must take into account several char-
acteristics about the instructions they give. We will
consider some of these in the following sections.

The quantity of instructions. It is easy to ovet-
whelm the person with instructions about what to
do to perform a skill. We can reasonably expect that
a beginner will have difficulty paying attention to
more than one or two instructions about what to do.
Because the beginner will need to divide attention
between remembering the instructions and actually
performing the skill, a minimal amount of verbal
information can exceed the person’s attention-
capacity limits, In addition to concerns about atten-
tion capacity, the instructor should include other
important attention-related considerations when
giving verbal instructions. Several of these are dis-
cussed in the following sections.

Verbal instructions to focus aftention on move-
ment outcomes. An important function of instruc-
tions is to direct learners’ attention to focus on the
features of the skill or environmental context that
will enhance their performance of the skill. A key
point with regard to the content of these instruc-
tions relates to our discussion of attention and
consciousness in chapter 9, Recall that attention
can be either conscious or nonconscious, with the
person either aware or not aware of what is being
attended to. When we relate this point to attention
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focus during the performance of a motor skill, we
need to review the research evidence we briefly
discussed in chapter 9, which showed that a key
part of skill learning is where a person directs his
or her conscious attention when performing a skill.
That research evidence was based on investiga-
tions of the action effect hypothesis (Prinz, 1997),
which proposes that actions are best planned and
controlled by their intended effects. The hypoth-
esis predicts that actions will be more effective
when a person focuses his or her attention on the
intended outcomes of an action, rather than on the
movements required by the skill. To test the action
effect hypothesis in motor skill learning situations,
researchers have designed expetiments in which
instructions that direct participants’ attention to
their own movements (i.e., internal focus of atten-
tion) are compared to those that direct attention
to the movement outcome (i.e., external focus of
attention) (see Wulf & Prinz, 2001, for a review of
this research).

The following research examples illustrate two
types of experiments that have tested and supported
the action effect hypothesis. And they demonstrate
two different ways to give verbal instructions 10
direct attention to movement outcomes. The first
involves instructions presented in a way that estab-
lishes a discovery learning situation. This means
that the instructions focus the learner’s attention on
the action goal of the skill. Then, as the learner prac-
tices the skill, he or she “discovers™ how to move to
achieve that goal. The second example involves the
use of metaphoric imagery in instructions, which
directs the learner’s attention to move according to
the image, which is the intended movement out-
come of the skill. Recall that we discussed the use
of metaphoric images in chapter 10 as a strategy for
enhancing memory.

In a study reported by Wulf and Weigelt
(1997) participants practiced the slalom-ski sim-
ulator task (described earlier in this chapter and
pictured in figure 14.2). Everyone was told that
the goal of the task was to continuously move the
platform for 90 sec as far as possible to the left and
right at a rate of one complete cycle every 2 sec.
Participants in one group were also told to try

to exert force on the platform after it passed the
center of the ski simulator, based on a movement
characteristic of people who demonstrated high
performance levels on the ski simulator. Another
group was not given this additional instruction,
which means the only instructions they received
concerned the action goal (i.e., the desired effect
of their movements). Because they were told only
about the action goal, this group experienced a
discovery learning situation.

As figure 14.5 shows, the additional movement
attention-directing instructions led to poorer per-
formance during practice trials and on a transfer
test in which participants performed under stress
(they were told they were being observed and
evaluated by a skiing expert). Interestingly, ina
follow-up experiment, which was based on the
assumption that more experience with the task
would allow participants to direct more attention
to the specific information in the instructions, the
attention-directing instructions were given after
three days of practice. But, once again, rather than
aid learning, the instructions had a negative effect.

Numerous other research investigations have
found that instructions that promote an exiernal
focus of attention lead to better learning than an
internal focus. These studies are especially note-
worthy because they have found this benefit for a
variety of motor skills, such as swinging a golf club,
shooting a basketball, serving a volleyball, passing
in soccer, and throwing a dart. In addition, instruc-
tions to focus attention externally have been shown
to benefit the Jearning of balance skills by healthy
adults as well as those who have Parkinson’s dis-
case or who have had a stroke. (For brief reviews
of the research showing these results, see Emanuel,
Tarus, & Bart, 2008; Wulf, Landers, Lewthwaite, &
Tollner, 2009; Wulf & Su, 2007).

An experiment in which instructions used
metaphovic imagery to direct attention to the move-
ment outcome was reported by Wulf, Lauterbach,
and Toole (1999). Participants, who were univer-
sity students with no previous experience playing
golf, practiced hitting golf pitch shots into a circular
target from a distance of 15 m. Everyone was given
the same demonstration and instructions about the
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FIGURE 145 The top graph shows the results of the first
experiment by Wulf and Weigelt which compared a group
that received instructions about a movement component of
the slalom ski simulator task and a group that did not receive
the instructions, The bottom graph shows the results of their
sccond experiment in which one group received the move-
ment component instructions on the fourth day of practice.
[Reprinted with penmission from Research Quarterly for Exercise and
Sport, Vol. 1, No. 4, 262-367. Copyright © 1997 by the American
Alliance for Health, Physical Education, Recreation and Dance, 1960
Association Drive, Reston, VA 20191.]

stance and how to grip the club. But one group was
told to focus their attention on the swinging motion
of the arms during each swing. These participants
also received specific instructions about the various
movements involved in the swing and practiced
several swings without holding a club before they
practiced hitting a ball. A second group was told
to focus their attention on the club head’s pathway
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during the back- and down-swing (i.e., the “action
effect”). They received specific instructions that
emphasized the metaphor of the pendulum-like
metion of the club. The results showed that the
participants who directed their attention to the
club movement consistently produced higher tar-
get accuracy scores during practice trials and on a
24 hr retention test.
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Verbal instructions to focus attention on invariant
environmental context regulatory conditions. An-
other issue associated with attention and the content
of instructions relates to the selective attention prob-
fem of what in the environment to look for that will
help perform a skill. The importance of this issue
relates to a critical goal of the initial stage of learn-
ing, accordingly to Gentile’s learning stages model.
As we discussed in chapter 12, this goal is to leamn
the regulatory conditions that direct the movements
required to achieve the action goal of the skill.
Sometimes we ask people to tell us what they
were looking for or looking at when they performed
a skill, so that we can help them correct their visual
attention focus. However, research investigating the
need for conscious awareness of environmental cues
when learning slkills reveals that people can learn to

FIGURE 14.6 The results of the cxperiment by Magill,
Schoenfelder-Zohdi, and Hall (1990) showing the superior
performance on the repeated segment A compared to the
random segments B and C for a complex tracking task.
[Scurce: R. A. Magili et al., “Further Evidence for Implicit Learning
in a Complex Tracking Tas” paper presented at the annual meeting of
the Psychonomics Socicty, November, 1990, New Orleans, LA.]

select relevant cues from the environment without
being consciously aware of what those cues are.

A good example of research demonstrating this
result js an experiment reported by Magill (1998).
Participants watched a target cursor move in a com-
plex waveform pattern across a compuler screen
for 60 sec. The participants’ task involved pursuit
tracking of the target cursor by moving a lever on
a tabletop to make their own cursor stay as close as
possible to the target cursor. The unique feature was
that the target cursor moved randomly for the sec-
ond and third 20 sec segments on every frial, but it
made the same movements on every trial during the
first 20 sec segment. The participants practiced this
pursuit-tracking task for approximately twenty-four
trials on each of fifteen days. The results, shown
in figare 14.6, indicated that as they practiced,

PO v~
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An objective of tennis instruction is to enhance
players’ capabilities to anticipate as early as pos-
sible the direction of a ball hit by an opponent. This
objective was at the heart of an experiment by Farrow
and Aberncthy (2002) in which they compared two
training techniques designed to increase junior ten-
nis players’ anticipation skills for returning serves.
Both techniques were based on the hypothesis that
the sources of information used by the skilled play-
ers to anticipate serve direction could be used fo train
less skilled players. All participants experienced the
following sequence of tests and training: Prefest—
Training (4 wks, 3 days/wk)—Posttest—Retention
Test (32 days later)

Tests and Training

Participants watched videotapes of skilled players’
serves, which were from the receiver’s view. Dur~
ing the tests, their task was to indicate as quickly
as possible whether the serve direction was to their
forchand or backhand. On some trials they verbaily
indicated the direction, while on others they moved
with their racquets in the direction. Tapes were edited
and programmed to stop at ene of five time periods
before and after racquetball contact (i.e., temporal
occlusion): T1—900 msec before ball contact (start of
ball toss); T2—600 msec before ball contact (ball toss
almost at zenith); T3—300 msec before ball contact
{racquet at top of backswing); T4—at ball contact,
T5—after follow-through. Each training session con-
sisted of watching temporally occluded videotapes of
various professional tennis players hitting serves and
then physically practicing the return of 50 serves.

Training Techniques

Explicit instruction: Participants received specific
instruction about the relationship between information
sources in the server’s action and the direction of a
serve. These sources were highlighted in instructional
videos, verbal and written information, and verbal
feedback provided during the physical practice trials.

Training Anticipatory Skills in Tennis with an Implicit Instractional Sirategy

Implicit instruction: Participants received no specific
instruction about the relationship between informa-
tion sources in the server’s action and the direction of
a serve. They were told that their task was to estimate
the speed of each serve seen on the videotape.

Results

Explicit rule information: Before and after the four-
week training period, participants were asked to write
down all the rules, coaching tips, and strategies they
thought were important for returning serves. After
training, the explicit training group wrote an average
of 2.5 rules, while the implicit training group wrote
an average of 0.5 rules.

Serve direction prediction accuracy: Overall, both
training groups improved from the pretest to the post-
test. But seven of the eight participants in the implicit
training group improved prediction accuracy at ball
contact, compared to three of eight in the explicit
group.

Conclusion
Although the prediction accuracy differences between
the two training conditions were relatively minor,
their similarity is important. That the implicit train-
ing led to test performance that was similar to that
of explicit training indicates that the anticipatory
information required to predict serve direction can
be learned without being consciously aware of the
specific sources for the information. However, it is
important to note two important characteristics of the
implicit training condition:

1. The participants directed attention to the server
and the serve on each videotape, because they
had to estimate the speed of the serve.

The training period involved a large number of
trials of observing a variety of servers and serves
that were temporally occluded at various times
before and after each serve.

they performed better on the first segment than on
the other two segments, But what is more important
is that when interviewed, none of the participants

indicated that they knew that the target cursor made
the same pattern during the first segment on every
trial. Thus the participants attended to and used the
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regularity of the cursor movement during the first
segment, even though they were not consciously
aware of that characteristic. This lack of conscious
awareness of the invariant movement pattern of the
target cursor indicates that the participants implicitly
learned the regulatory environmental context fea-
tures that directed their movements as they tracked
the target cursor.

Although the research just described indicates
that people can learn to use relevant environmental
context features without being mstructed to look
for them, there is a common assumption that we
can facilitate skill learning by giving instructions
that would make people aware of these features.
For example, a tennis teacher may tell a student that
a certain racquet-head angle at ball contact during
a serve indicates a specific type of serve, which the
student should try to look for to predict that type of
serve. However, what is not so commonly known
is that this type of instruction could actually hinder
rather than facilitate learning, especially when the
specific features locked for occur infrequently in a
series of trials.

Green and Flowers {1991) reported an experi-
ment that serves as a good example of the research
evidence demonstrating this negative effect. Par-
ticipants played a computer game in which they
manipulated a joystick to move a paddle hori-
zontally across the bottom of the monitor to try
to catch a “ball,” which was a dot of light, that
moved for 2.5 sec from the top to the bottom of
the screen. The ball moved according to one of
eight pathways. On 75 percent of the trials, the
ball made deviations from the normal pathway
that predicted the specific final position of the ball.
Thus, participants® detection of these pathway-
deviations characteristics could help them increase
their catching accuracy. One group of participants
received explicit instructions about these char-
acteristics and their probability of occurring; the
other group did not. Participants practiced for five
days for a total of 800 trials. The results showed
that both groups improved. However, the explicit-
instruction group made more errors than the group
that had had no instruction. The authors concluded
that the instructed participants directed so much of

their attentional resources to trying to remember
the rule and looking for its occurrence that their
performance was disrupted, because they did not
have sufficient attention to devote to the catching
taslk itself.

Research has also shown the negative influence
of explicit information on the implicit learning of an
open motor skill by stroke patients, In an experiment
by Boyd and Winstein {2004), patients who had
experienced a basal ganglia strole practiced a pur-
suit tracking task similar to the one described earlier
in the Magill (1998) study, except that a trial was
only 30 sec. One group of patients was told about the
repeating portion of the pathway. Rather than help-
ing the patients to perform the task better than those
who were not given this information, the awareness
of this task characteristic led to poorer learning.

Verbal Instructions Influence Goal Achievement
Strategies: Speed-Accuracy Skill Instrnctions

Another factor that we need to consider is that
verbal instructions direct the person’s attention to
certain performance goals of the skill. A good exam-
ple of this is the way verbal instructions can bias
the strategy a person uses to learn speed-accuracy
skills which we discussed in chapter 7. An experi-
ment by Blais (1991) illustrates this type of strategy
bias. The task was a serial pursuit tracking task in
which participants controlied a steering wheel to
align a pointer as quickly and accurately as pos-
sible to target positions on a screen. Three groups
of participants received verbal instructions that
emphasized being accurate, being fast, or being
both accurate and fast. The instruction emphasis
was especially evident during the first of the five
days of practice. On this day, the “speed instruc-
tion” group recorded the fastest movement times,
whereas the “accuracy group” produced the most
accurate performance. The group told to emphasize
both speed and accuracy adopted a strategy that
led to fast movement times—but at the expense of
performance accuracy. And although the “accuracy
mstruction” group performed the most accurately,
its participants did so in a manner that eventuaily
gave themn the fastest average overall response time,
which included reaction time, movement time, and
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We generally assume that beginners should be taught
by people who are highly skiiled in the activity to be
learned. However, highty skilled performers (i.e.,
experts) can have problems when they give verbal
instructions to beginners, We might expect certain
types of problems because of some of the differences
between experts and novices that we considered in
chapter 12, Two differences thal are especially rel-
evant are these:

+ Their knowledge structures about the skill. Com-
pared to those of novices, experts” knowledge
structures tend to be more conceptual and orga-
nized, with more interrelationship among the
concepts. Novices, on the other hand, tend to have
knowledge structures that involve more concrete
and specific pieces of information, with few con-
cepts and intesrelationships amonyg them.

Considerations for Experts When Giving Verbal Instructions to Novices

+ The attention demands required to perform the
skill. Novices need to direct conscious attention to
more, and different, aspects of the performance of
a skili than experts,

An experimeni by Hinds, Patterson, and Pfeffer (2001}
provides some evidence and insight about the problems
experts can have providing instructions to novices. In
this experiment, experts in the domain of electronics
instructed novices about how to build an clectronic cir-
cuit, which involved connecting wires in specific ways
to make the electronic components for several differ-
ent devices, such as a radio or motion detector. Results
showed that the experts provided instruction that was
too conceptual and included too few concrete details
to guide the novices. Interestingly, the experts’ self-
reported assessment of their feaching skill did not cor-
relate well with the type of instructions they provided,

movement-correction time for errors. Thus, for this
task, where both speed and accuracy were equally
important for overall performance, instructions that
initially emphasize accuracy led to the bast achieve-
ment of the two-component goal.

The results of the Blais (1991) experiment are
consistent with predictions of both the motor pro-
gram and dynamic pattern theories we discussed
in chapter 5. To apply the speed-accuracy skilf to
those theories, the movement accuracy component
refers to the movement pattern used to perform
the skill. In both theories the movement pattemn
consists of invariant characteristics that remain
the same when the skill is performed at different
speeds. For these motor control theories, move-
ment speed can be readity changed according to the
demands of the performance situation or intention
of the performer. As a result, these theories pre-
dict that initial practice for a speed-accuracy skill
sheuld emphasize movement accuracy and a later
emphasis on the speed component.

Verbal Cues

Omne of the potential problems associated with
verbal instructions is that they can contain too
little or too much information and not provide

the learner with what he or she needs to know fo
achieve the goal of the skill. To overcome this prob-
lem, instructors can use verbal cues to direct peo-
ple to know what to do to perform skills (Landin,
1994). Verbal cues are short, concise phrases that
serve to (1) direct the performer’s attention to reg-
ulatory conditions in the environmental context or
(2) prompt key movement components of skills.
For example, the cue “Look at the ball” directs
visual attention, whereas the cue “Bend your
knee” prompts an essential movement component.
Research has shown these short, simple statements
to be very effective as verbal instructions to facili-
tate learning new skills, as well as performing well-
learned skills. Teachers, coaches, or therapists can
implement verbal cues in several different ways in
slill learning settings,

Verbal cues and demonstrations. One way is to
give verbal cues along with a demonstration to sup-
plement the visual information (e.g., McCullagh,
Stiehl, & Weiss, 1990; Zetou, Tzeizis, Vernadakis, &
Kioumourtzoglou, 2002). When used this way, vet-
bal cues aid in directing attention, and can guide
rehearsal of the skill a person is leamning. An exam-
ple of a study showing the benefit of this use of
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» Cues should be short statements of one, two, or
three words.

= Cues should relate logically to the aspects of the

skill to be prompted by the cues.

Cues can prompt a sequence of several

movements.

Cues should be limited in number. Cue only the

most critical elements of performing the skill.

Guidelines for Using Verbal Cues for Skill Instruction and Rehabilitation

« Cues can be especially helpful for directing shifts
of attention.

+ Cues are effective for prompting a distinct thyth-

mic structure for a sequence of movements.

Cues must be carefully timed so that they serve as

prompts and do not interfere with

performance.

Cues should initially be spoken by the performer.

verbal cues was reported by Janelle, Champenoy,
Coombes, and Mousseau, (2003) for learning a soc-
cer accuracy pass. Non-soccer players who observed
a skilled model video demonstration with accompa-
nying verbal and visual cues learned the pass with
more appropriate form and outcome accuracy than
in five other practice conditions. The verbal cues,
which were presented by audiotape along with the
video, were short descriptions of the specific move-
ment characteristics of the critical areas of the kick.
The visual cues were arrows on the video that
pointed to the critical areas of the kick. The compar-
ison practice conditions involved discovery learning
(i.e., they were told the accuracy goat of the skill but
had to “discover” the best way to pass the ball to
achieve the goal), verbal instructions only, a skilled
mode] video demonsiration with the visual cues, a
skilled model video demonstration with the verbal
cues, and a skilled model video demonstration only.
Note that in this study the addition of visual cues
enhanced the benefit of the verbal cues. Together,
the visual arrows and the verbal cues focused the
participants’ attention to the parts of the skill that
were critical to successful performance.

Verbal cues that focus attention while performing.
Another way to use verbal cues is to give cues fo
help learners focus on critical parts of skills. For
example, in an experiment by Masser (1993), first-
grade classes were taught to do headstands. In one
class, before students made each attempt to swing
their legs up into the headstands, the instructor
said, “Shoulders aver your knuckles,” to emphasize

the body position critical to performing this skill,
The cued students maintained their acquired skill
three months after practice, whereas the students
who had not received this verbal cue performed
the headstand poorly three months later. A similar
result occurred in an experiment using verbal cues
to emphasize critical parts of the forward roil.

Verbal cues as prompts. Performers also can use
verbal cues while performing to prompt themselves
to attend to or perform key aspects of skills, Cutton
and Landin (1994) provided a research example
demonstrating the effectiveness of this technique for
nonskilled individuals. Instructors taught university
students in a beginning tennis class five verbal cues
to say out loud each time they were required to hit
a ball. These were as follows: “ready,” to prompt
preparation for the oncoming ball; “ball,” to focus
attention on the ball itself; “turn,” to prompt proper
body position to hit the ball, which included turning
the hips and shoulders to be perpendicular with the
net and pointing the racquet toward the back fence;
“hit,” to focus attention on contacting the ball; and
“head down,” to prompt the stationary position of
the head after ball contact. The students who used

verbal cues  short, concise phrases that direct a per-
former’s atiention to important environmental regu-
latory characteristics, or that prompt the person to
perform key movement pattern compenents of skills.
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verbal cues learned tennis groundsirokes better than
those who did not, including a group that received
verbal feedback during practice.

Verbal cues aid skilled performance. Verbal cues
have also been used to improve the performance
of skilled athletes. For example, Landin and Hebert
(1999) had university female varsity tennis players
use self-cueing to help them improve their volley-
ing skills. Players learned to say the word “split,”
to cue them to hop to a balanced two-foot stop that
would allow them to move in any direction. Then,
they said, “turn,” to cue them to turn their shoul-
ders and hips to the ball. Finally, they said, “hit,” to
direct their attention to tracking the ball to the point
of contact on the racquet and to cue themselves to
keep the head still and hit the ball solidly. After
practicing this cueing strategy for five wecks, the
players showed marked improvements in both per-
formance and technique.

The purposes of verbal cues. The various uses of
verbal cues just described indicate that verbal cues
can be used for two different purposes. Sometimes
the cue directs attention to a specific environmen-
tal event or to specific sources of regulatory infor-
mation (in our example, “ready,” “ball,” and “hit”
are such cues). In other cases, the cue prompis
action, for either a specific movement (“head
down™) or a sequence of movements (“turn™). The
key to the effectivencss of verbal cues is that as
the person practices and continues to use the cues,
an association develops between the cue and the
act it prompts. The benefit is that the person does
not need to give attention to a large number of
verbal instructions and can focus attention on the
important perceptual and movement components
of the skill,

In this chapter, we discussed demonstration and
verbal instructions and cues as effective means of
communicating information about how to perform
motor skills.

Demonstration

« A benefit of observing a skilled demonstration
is that the observer detects the invariant charac-
teristics of the movement pattern involved in the
performance of the skill.

The point-light technique and research about
what an observer perceives from a skilled dem-
onstration shows that demonstration tends to be
a more effective means of instruction when the
skill being learned requires a new movement
coordination than when it involves a new param-
eter of a well-leamed coordination pattern.

Observation by a beginner of another beginner
practicing a skill can facilitate skill learning.

Skills should be demonstrated several times
before a beginner practices a skill, with additional
demonstrations during practice as needed.

Auditory forms of demonstration are effective for
the learning of motor skills that have a specific
overall movement time goal or require a specific
thythmic sequence or beat.

Two prominent theoretical views that propose
explanations for the benefit of demonstration on
skill learning are :

» The cognitive mediation theory, which pro-
poses that observation of a demonstration leads
to the development of a memory representation
of the observed skill that the performer must
access prior to performing the skill.

The dynamic view which proposes that people
do not need cognitive mediation because the
visual system can constrain the motdr control
system to act according to what has been
observed.

Verbal Instructions and Cues

* Several attention-related factors are important to
consider when using verbal instructions to com-
municate how to perform a motor skill:

» The amount of information included in verbal
instructions should take into account learners’
attention-capacity limitations,
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» According to the action effect hypothesis,
verbal instructions should direct the learner’s
focus of attention to movement outcomes
rather than to the movements themselves.

» Novice learners can learn invariant environ-
mental context regulatory conditions without
conscious awareness of them (i.e., implicit
learning), although attention focus on the
environmental context is important,

» Instructions influence the novice learner to
direct aitention to certain performance goals,
which influences the strategies the Jearner
uses to begin practicing a skill.

Verbal cues are short concise phrases that serve to

» Direct the performer’s attention to regutatory
conditions in the environmental context.

» Prompt key movement components of skills.
Verbal cues can be given by an instructor or the
performer to

» Direct an observer’s attention during a dem-
onstration of a skitl,

» Direct a performer’s attention to critical parts
of skills.

» Prompt movements while performing a skill.

Demonstrations by a skilled model have their
greatest influence on skill learning when the skill
requires the learning of a new movement coordi-
nation pattern.

People who are in the initial stage of learning a

skill can benefit from observing others who are

also novices, Consider using this strategy with
large groups by having the people work in pairs
where one practices the skill for several trials while
the other observes, and then they switch roles.

A demonstration by a skilled model can be done
by the practitioner, a person in the group who can
perform the skill well, or a skilled model on a
video,

Frequent demonstrations result in better learning
than less frequent demonstrations, especially in
the initial stage of learning.

* Be certain that the people observing a demon-
stration can see the critical features of the skill
being demonstrated.

If visual and/or verbal cues are used with a dem-
onstration, keep them simple and focused on
the critical features of the skill that need to be
emphasized. Avoid providing a running verbal
commentary along with a demonstration.

* Use auditory cues to demonstrate timing and
rhythm characteristics of skills.

* Verbal instructions should present the minimum
amount of information necessary to communicate
what a person needs to do to perform a skill. Pro-
viding too much information in verbal instructions
can be like providing no verbal instructions at all.

* Provide verbal instructions that focus attention
on the outcome of a movement rather than on the
movement iself.

* When teaching open skills, provide verbal
instructions that focus attention on areas in the
environmental context where critical invariant
regulatory conditions can be observed. Expect that
the defection and perception of much of this crit-
ical information will occur without the person’s
conscious awareness of what he or she perceives.

* To ensure the detection and perception of critical
invariant regulatory conditions, allow the person
to perform the skill in a variety of environmental
contexts and situations.

« Emphasize movement form rather than speed for
a person’s inftjal practice attempts when teaching
a speed-accuracy skill.
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2.

To experience the speed-accuracy trade-off phe-
nomenon and how you can influence it by empha-
sizing speed or accuracy, as well as improve your
keyboarding skills, go to http://www typingmaster.
com/support/intra/user_manual html,

To read about the point-light technique and to
see some examples, go to http://astro.temple.
edu/~tshipley/. Under Current Research Projects,
click on Biological Motion. To view examples of
a variety of movements in point-light displays, go
to the Point-Light Archive part of this Web site.

To watch a video about the discovery, charac-
teristics, and importance of mirror neurons, go
to  hitp://www.pbs.org/wegbh/nova/sciencenow/
video/3204/g01-220.tm].

To read about the availability of video demon-

strations for

» strength training and fitness activities, go to
hitp://www.global-fitness,com/strength/
s_video.html.

» a wide variety of sports skills, go to hitp://
WWW.Ssportshationvideo.cony/,

» athletic trainers, go to http://www.athletic
trainer.comy/.

. (a) What are two types of research evidence
that show that observing a skilled demohstra-
tion of a motor skill influences the acquisition
of the coordination characteristics of the skill?
(b) Discuss what this research evidence tells us
that we can apply to the use of demonstrations
when teaching motor skills.

{a) Describe how observing an unskilled person
learning a skill could help a beginner learn that
skill. (b) Discuss why a learning benefit should
result from a beginner observing another begin-
ner learning a skill.

- What are the main features of the two pre-

dominant theories about how observing a
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demonstration helps a person to learn that skill?
How do these theories differ?

. What is the action-effect hypothesis and how
does it relate to instructions influencing where
a person directs his or her attention when per-
forming closed and open skills.

. Describe two purposes for using verbal cues.
Give an example for each.

Specific Application Problem: ‘

Select a motor skill that you might téach in your
future profession. Your supervisor has asked
you to develop and defend a plan for providing
information to the people you will work with
about how to perform the skill: In your plan,
describe the skill you wﬂi teach and relevant
characteristics of the people you will teach,
whethet you will use; demonstrations, verbal
instructions, or both, and some specific char-
acteristics of your choice. In your defense of
this plan, emphasize why the information you
will present and how you will deliver it would
be preferable to other ways of providing these
people with information about how to perform
this skilk. : '
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APPLICATION

Think about @ fime when you were beginning to learn
a new physical activity. How much success did you
experience on your first few atempts? Most likely,
you were not very successful. As you practiced, you
probably had many questions that you needed some-
one o answer fo help you belter understand what
you ware doing wrong and what you needed to do
to improve. Although you may have been able to
answer many of your questions on your own as you
continued to try different things while you practiced,
you found that geffing an answer from the instructor
saved you time and energy.

This situation is an example of what we discussed
in chapter 12 as typical in the early stage of learn-
ing a skill, or relearning a skill following on injury
or illness. The significance of this example is that it
points out that an important role played by the prac-
titioner is to give augmented feedback to the learner
to facilitate the skill acquisition process.

Consider the following situations. Suppose that
you are teaching a golf swing or fitness activity to a
class, helping a new student athletic frainer to tape an
ankle, or working in a clinic with a patient learning to
walk with an arfificial limb. In each situation, the peo-
ple practicing these skills can make lots of mistakes
and will benefit from receiving augmented feedback.

When they make mistakes, which they do in abun-
dance when they are beginners, how do you know
which mistakes fo tell them to correct on subsequent
attempts? f you had a video camera available, would
you videotape them and then lst them watch their own
performances? Or would it be even more beneficial o
take the videotapes and have them analyzed so that
you could show them what their movements looked
like kinematically? There are many ways to provide
augmented feedback. But before you use any one of
these, you should know how to implement that method
most effectively and when 1o use it to facilitate learning.

Application Problem to Solve Describe a motor
skill that you might help people learn. Describe
how you wauld give them feedback as they prac-
tice the skill and mducafe why you would give
feedback in this way and not in some other way.

DISCUSSION

When people perform a motor skill, they can have
available to them twe general types of performance-
relafed information [i.e., feedback) that will “tell”
them something about the outcome of the perfor-
mance or about what caused that outcome, One is
task-intrinsic feedback, which is the sensory-
perceptual information that is a natural part of per-
forming a skill. Each of the sensory systems can pro-
vide this type of feedback. We discussed three of
these in chapter 6: fouch, proprioception, and vision.
For example, if a person throws o dart at a target on
the wall, he or she receives visual task-intrinsic feed-
back from seeing the flight of the dart and where it
lands on the target. In addition, the person receives
tactile and proprioceplive task-intrinsic feedback
movement of his or her body posture along with arm
and hand movement as the person prepares to throw
the dart and as the dart is thrown. Other sensory
systems can also provide task-intrinsic feedback, as
does the audifory system when the person hears the
dart hit, or not hit, the target.

The second general type of performance-related
information is in addition fo task-intrinsic feedback.
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Although various terms have been used to identify
this type of feedback, (e.g., external feedback,
task-exirinsic feedback) the term that will be used
in this book is augmented feedback. The adjec-
tive "augmented” refers to adding to or enhancing
something, which in this case involves adding fo
or enhancing fask-intrinsic feedback. |t enhances
the task-intrinsic feedback when augmented feed-
back provides information the person’s sensory sys-
tem can readily detect on its own. For example, o
teacher or coach might tell a golfer where his or
her hands were positioned at the top of the swing,
even though proprioceptive feedback would allow
the person fo feel for himself or herself where they
were. In a clinical environment, a therapist might
show an amputee patient EMG traces on a com-
puter monitor to enhance the palient’s own pro-
prioceptive feedback to help the potient activate
appropriate muscles when learning to operate o
prosthetic device,

In other situations, augmented feedback adds
information that the person cannot detect using his or
her sensory system. For example, the golf teacher or
coach might tell the golfer where the ball went because
the golfer was concentrating so much on keeping his
or her heud down during the swing that he or she did
not see it after it was hit. Likewise, a therapist might
tell ¢ patient how much his or her body swayed
because vestibular problems prevent the patient from
being able to detect this information. In each of these
situations, augmented feedback provides performance
information that otherwise would not be avcilable to
the person.

task-intrinsic feedback the sensory feedback that
is naturally available while performing a skill.

augmented feedback a generic term used to
describe information about performing a skill that
is added to sensory feedback and comes from a
source external to the person performing the skill;
it is sometimes referred to as extrinsic or external
feedback.
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Feedback

Task-intrinsic
feedback

]

Augmented
feedback

Auditory Propriocegtive

Tactie of results

Knowledge Knowledge of
performance
(KR} (KP)

FIGURE 15.1  Hlustration of the different types of feedback in the feedback family that arc related to learning and performing

motor skills,

THE FEEDBACK FAMILY

Note that the term feedback is common to both
categories of performance-related information
described in the preceding paragraphs. As a result,
it is important to consider the term “feedback” as
4 generic term that describes information people
receive about their performance of a motor skill
during or after the performance. To help conceptu-
alize the relationship between the two general types
of performance-related feedback, consider these
two types of feedback as related members of the
same family. Figure 15.1 graphically describes
the feedback family relationships for task-intrinsic
feedback and augmented feedback, as well as for
the related specific types of each,

TYPES OF AUGMENTED FEEDBACK

In Figure 15.1, note that there are fwo categories of
types of augmented feedback: knowledge of results
and kmowledge of performance. Each category can
involve a variety of ways of presenting augmented
feedback; this will be the topic of discussion later
in this chapter.

Knowledge of Results (KR)

The category of augmented feedback known as
knowledge of resulis {commonly referred to as
KR) consists of externally presented information
about the outcome of performing a skill or about
achieving the goal of the performance. In some

situations, KR describes something about the per-
formance outcome (i.e., result). For example, if
a teacher tells a student in an archery class, “The
shot was in the blue at 9 o’clock.” the teacher is
providing performance outcome information. Stim-
ilarly, if'a therapist shows a patient a computer-
generated graph indicating that this leg extension
was 3 degrees more than the last one, the therapist
is giving KR to the patient about the outcome of
his or her leg extension movement,

Sometimes, KR does not describe the perfor-
mance outcome, but simply tells the performer
whether he or she has achieved the performance
goal. This is the case when some external device
gives a “yes” or “no” signal indicating whether or
not the performance goal was achieved. For exam-
ple, to augment proprioceptive and visual feed-
back for a patient working on achieving a specific
amount of leg extension, the therapist could set a
buzzer to be activated when the patient achieved
the goal number of degrees of movement. Although
the buzzer would provide no information about
how close to the goal or how far from it the move-
ment was if it had not been achieved, the patient
would know that he or she had not achieved the
goal unless the buzzer sounded. There are some
additional examples of KR in table 15.1.

It is important to point out that we are using
the term KR to refer to a type of augmented feed-
back. Although a person can obtain knowledge
about the results of an action from his or her own
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TABLE 15.1 Examples of Augmented Feedback

+ A golf instructor tells a student:

KR = “Your shot went into the right rough,”

KP -* “You did not take your backswing back far enough befare you
began your downswing,”

+ A physical therapist tells a patient:

KR = “You walked 10 feet more today than you did yesterday.”

KP = “You should bend your knees more as you walk.”

* A student driver in a simulator

KR -» sees the number of errors he or she made after completing a

Session.
KP -> sees a light flash each time he or she makes an error while driv-
ing in a session.

+ A sprinterin track

KR =* sees a posting on the scoreboard of the amount of time to tun

the race,
KP -» sees a videotape replay of his or her race.

« A gymmast

KR = sees the judges’ scores after completing a roufine.

KP = looks at a computer monitor to see a stick figure representation
of his or her body, limb, and head displacement when he or
she performed the routine.

* A knee rehabilitation patient

KR = reads a display on an exercise machine that indicates the num-

ber of degrees of leg extension he or she had on that leg ex-
tension exercise repetition.

KP = hears a buzzer when a target muscle is active during a leg
extension exercise.

sensory system, such as seeing whether the bas-
ketball missed the basket or went in, this type of
performance-related information is task-intrinsic.
It does not refer to the specific type of performance-
related information the term KR refers to in this
text. The importance of this distinction is that it
allows us to distinguish the specific influences of
task-intrinsic and augmented feedback on skill
learning,

Knowledge of Performance (KP)

The second category of augmentied feedback is
knowledge of performance (known as KP). This
is information about the movement characteristics
that led to the performance ouicome. The important
point here is that KP differs from KR in terms of
which aspect of performance the information refers
to. For example, in the archery situation described
above, the teacher would provide KP by telling
the student that he or she pulled the bow to the
left at the release of the arrow. Here, the teacher

augments the tasl-intrinsic feedback by telling the
student what he or she did that caused the arrow to
hit the target where it did.

In addition to giving KP verbally, there are vari-
ous nonverbal means of providing KP. For exam-
pie, video replay is a popular method of showing
a person what he or she did while performing a
skill, Video replay allows the person to see what
he or she actually did that led to the outcome of
that performance. Although video replay can show

knowledge of results (KR) category of augmented
feedback that gives information about the outcome
of performing a skill or about achieving the goal of
the performance.

knowledge of performance (KP) category of
augmented feedback that gives information about the
movement characteristics that led to a performance
outcome.
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Augmented Feedback as Motivation

An instructor can use augmented feedback to influ-
ence a person’s perception of his or her own ability
in a skill. This is an cffective way to influence the
person’s motivation to continue pursuing a task goal
or performing a skill, The verbal statement “You're
doing a lot better” can indicate o a person that he or
she is being successful at an activity. Evidence sup-
porting the motivational effectiveness of this type of
verbal feedback comes from research relating to self-
efficacy and performance of skills,

For example, Solmon and Boone (1993) showed
that in a physical education class environment, stu-
dents with high ability perceptions dermonstrated
longer persistence at performing a skill and had higher
performance expectations than those with low ability
perceptions. In her reviews of self-efficacy research
as it relates to skill performance, Feltz {1992; Feltz &
Payment, 2005} concluded that the success or failure

of past performance is a key mediator of a person’s
selt-perceptions regarding ability.

Visual augmented feedback has also been shown
to have motivational benefits for learning motor skills.
An interesting example comes from its use in a physi-
cal therapy context. People with neurological gait dis-
orders reported that the addition of visual augmented
feedback about their performance on a Lokomat driven
gait orthosis (a robotic-assisted gait training device)
made them more motivated to train on the device than
when this additional feedback was not provided (Banz,
Bollinger, Colombe, Dietz, & Liinenburger, 2008).

An important implication of these findings is that
the practitioner can present augmented feedback in a
way that influences a person’s feelings of success ar
failure which, in turn, influence a person to continue
or to stop his or her involvement in participating in a
physical activity,

a performance outcome, it is commonly used as
KP. Another means of providing KP that is increas-
ing in popularity as computer sofiware becomes
more accessible is showing the person computer-
generated kinematic characteristics of the just-
completed performance. In clinical environments,
therapists also use biofeedback devices to give KP.
For example, a therapist can attach a buzzer to an
EMG recording device so that the person hears the
buzzer sound when he or she activates the appro-
priate muscle during the performance of an action.
In each of these situations, sensory feedback is
augmented in a way that informs the person about
the movement characteristics associated with the
oufcome of an action.

THE ROLES OF AUGMENTED
FEEDBACK IN SKILL ACQUISITION

Augmented feedback plays two roles in the skill
learning process. One is to facilitate achievement
of the action goal of the skill. Because augmented
feedback provides information about the success of

the skill in progress or just completed, the learner
can determine whether what he or she is doing is
appropriate for performing the skill correctly. Thus,
the augmented feedback can help the person achicve
the skill goal more quickly or more easily than he
or she could without this external information.

The second role played by augmented feed-
back is to motivate the learner to continue striving
toward a goal. In this role, the person uses aug-
mented feedback to compare his or her own per-
formance to a performance goal. The person then
must decide to continue trying to achieve that goal,
to change goals, or to stop performing the activ-
ity. This motivational role of augmented feedback
is not the focus of our discussion here. Others,
however, have discussed it in the motor learn-
ing literature (e.g.,, Little & McCullagh, 1989).
Scholars interested in the pedagogical aspects of
physical education teaching (e.g., Selmon & Lee,
1996; Silverman, Woods, & Subramaniam, 1998)
increasingly are studying the effects of augmented
feedback on people’s motivation to engage in,
or continue to engage in, physical activities. In

addition, augmented feedback functions as an
important factor in influencing students’ percep-
tions of ability {(e.g., Fredenberg, Lee, & Solmon,
2001). And exercise psychologists have shown
that augmented feedback is influential in motivat-
ing people to adhere to exercise and rehabilitation
programs (e.g., Annesi, 1998; Dishman, 1993).

HOW ESSENTIAL IS AUGMENTED
FEEDBACK FOR SKILL ACQUISITION?

When a researcher or practitioner considers the use
of augmented feedback to facilitate skill acquisi-
tion, an important theoretical and practical ques-
tion arises: Is augmented feedback necessary for
a person to learn motor skills? The answer to this
question has theoretical implications for the under-
standing of the nature of skill learning itself. The
need, or lack of need, for augmented feedback
to acquire motor skills tells us much about what
characterizes the human learming system and how
it functions to acquire new skills. From a practi-
cal- perspective, determining the necessity for
augmented feedback for skill learning can serve
to guide the development and implementation of
effective instructional strategies. As you will see,
the answer to this question is not a simple yes or
no. Instead, there are four different answers. Which
one is appropriate depends on certain character-
istics of the skill being learned and of the person
learning the skill.

Augmented Feedback Can Be Essential
for Skili Acquisition
In some skill learning situations, people, for vari-
ous reasons, cannot use the task-intrinsic feedback
to determine what they need to do to improve
performance. As a result, augmented feedback is
essential for learning. There are at least three types
of situations in which a person may not be able o
use important task-intrinsic feedback effectively.
First, some skill performance contexts do not
make critical sensory feedback available to the
person. For example, when a performer cannot see
a target that he or she must hit, the performer does
not have important visual feedback available. In
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this case, augmented feedback adds critical infor-
mation that is not available from the task perfor-
mance environment itself,

Second, because of injury, disease, and the like,
the person does not have available the sensory path-
ways needed to detect critical task-intrinsic feed-
back for the skill he or she is learning. For these
people, augmented feedback serves as a substitute
for this missing information.

Third, in some situations the appropriate task-
intrinsic feedback provides the necessary informa-
tion and the person’s sensory system is capable of
detecting it, but the person cannot use the feed-
back. For example, a person learning to extend a
knee a certain distance or to throw a ball at a cer-
tain rate of speed may not be able to determine the
distance moved or the rate of speed of the throw
because of lack of experience. In these situations,
augmented feedback helps to make the available
task-intrinsic feedback more meaningful to the
performer.

Augmented Feedback May Not Be Needed

for Skill Acquisition

Some motor skills inkerently provide sufficient
task-intrinsic feedback, so angmented feedback is
redundant. For these types of skills, learners can
use their own sensory feedback systems to deter-
mine the appropriateness of their movements and
make adjustments on future attempts. An experi-
ment by Magill, Chamberlin, and Hall {1991} pro-
vides a laboratory example of this type of situation.
Participants learned a coincidence-anticipation skill
in which they simulated striking a moving object,
which was a series of LEDs sequentially lighting
along a 28] cm long trackway. As they faced the
trackway, they had to use a handheld bat to knock
down a small wooden barrier directly under a tar-
get LED coincident with the lighting of the target.
KR was the number of msec that they contacted
the barrier before or after the target lighted. Four
experiments showed that participants learned this
task regardless of the number of trials on which
they received KR during practice. In fact, receiving
KR during practice did not lead to better learning
than practice without KR.

P W
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Silverman, Woods, and Subramaniam (1999) exam-
ined the relationship between teacher feedback and
several different practice and performance charac-
teristics for eight classes of middle school physical
education. Although each teacher taught one activity,
the eight classes involved a variety of activities: vol-
leyball, soccer, badminton, basketbatl, and ultimate.
The teachers were videotaped for two classes in a row
in which motor skill was the focus of instruction. The
rescarchers observed the videotapes and recorded
characteristics of several different teacher behavior
categories, including teacher feedback. Among the

Teacher Fecdback Relationships in Physical Education Classes

varjous results of the analysis of the data from this
study was the finding that the amount of teacher feed-
back given to studenis was significantly correlated
with the amount of appropriate practice in which stu-
dents engaged, regardless of skill level. These results
indicate that even though research has shown that
teacher feedback and skill achigvement are not highly
correlated, teacher feedback has a positive impact
on the students’ participation in class by influencing
them to engage in activity that is appropriate for help-
ing them learn the skills that are the focus of the class
nstruction.

A motor skill that does not tequire augmented
feedback to learn it has an important charactersistic:
a detectable external referent in the environment

that the person can use to determine the appropri-
ateness of an action. For the anticipation timing
task in the Magill et al. experiment, the target and
other LEDs were the external referents. The learner
conld see when the bat made contact with the bar-
rier in comparison to when the target lighted; this
enabled him or her to see the relationship between
his or her own movements and the goal of those
movements. It is important to note here that the
learner may not be consciously aware of this rela-
tionship. The sensory system and the motor con-
trol system operate in these situations in a way that
does not demand the person’s conscious awareness
of the environmental characteristics (see Magill,
1998). Thus, the enhancement of these character-
istics by providing augmented feedback does not
increase or speed up learning of the skill,

Practice condition characteristics also influence
the need for augmented feedback. One of these char-
acteristics is the existence of an observational learn-
ing situation, which we discussed in chapter 14. Two
different types of observational learning situations
can be influential. In one, the learner observes a
skilled model perform the skill. For example, in
an experiment by Magill and Schoenfelder-Zohdi

{1996), people who observed a skiiled demonstra-
tion learned a rhythmic gymnastics rope skill as well
as those who received verbal KP after each trial.
In the other situation, the learner observes other
beginners practice. For example, Hebert and Landin
(1994) showed that begimming tennis players who
watched other beginners practice learned the tennis
forehand volley as well as or better than beginning
players who received verbal KP. In both of these sit-
uations, beginners were able to practice and improve
without augmented feedback,

There is an interesting parallel between skill
learning situations in which learners do not need
augmented feedback and resulis of studies inves-
figating the use of teacher feedback in physical
education class settings. These studies consistently
have shown low correlations for the relationship
between teacher feedback and student achievement
{e.g., Lee, Keh, & Magill, 1993; Silverman, Tyson, &
Krampitz, 1991). This finding suggests that the
amount and quality of teacher feedback is influen-
tial for improving the skills of beginners in sport
skills class setiings, but we should not sce it as the
most important variable, Other variables, such as
observational learning, appear to be capable of
precluding the need for augmented feedback. Our
understanding of the extent of this influence awaits
further research,

Augmented Feedback Can Enhance

Skill Acquisition

There are some types of motor skills that peo-
ple can learn without augmented feedback, but
they will learn them more quickly or perform
them at a higher level if they receive augmented
feedback during practice. For these skills, aug-
mented feedback is neither essential nor redun-
dant. Instead, it enhances the learning of these
skills beyond what could be achieved without
awgmented feedbacl.

Skills in this category include those for which
improvement does occur through task-intrinsic feed-
back alone, but because of certain skill or learner
characteristics, performance improvement reaches
only a certain level. One type of skill that fits this
description consists of relatively simple skills for
which achievement of the performance goal is ini-
tially easy to attain. An example is a movement
goal of moving as quickly as possible. Initially, a
person can assess if a particular attempt was faster
than a previous one. However, improvement seems
to stop at a certain level of performance usually
because the learner’s lack of experience results in
his or her decreased capability to discriminate small
movement-speed differences. To improve beyond
this level of performance, the person requires aug-
mented feedback.

Another type of skill for which augmented
feedback enhances learning is any complex skill
that requires a person to acquire an appropriate
multilimb pattern of coordination, For such skills,
learners can attain a certain degree of success
simply by making repeated attempts to achieve
the performance goal. But this goal achievement
process can be speeded up with the addition of KP.
More specifically, the KP that works best is infor-
mation about critical components of the coordina-
tion pattern. ’

The best research example of this type of skill
is an experiment by Wallace and Hagler {1979).
Participants learned a one-hand basketball set
shot with the nondominant hand, from a distance
of 3.03 m from the basket, and 45 degrees to the
left side of the basket. After each shot, one group
received verbal KP about errors in their stance
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and limb movements during the shot. Another
group received only verbal encouragement after
each shot. Both groups could see the outcome of
each shot. Figure 15.2 depicts the results. Note
that KP provided an initial boost in perfor-
mance for the first fifteen trials. Then, the verbal
encouragenient group caught up. However, simi-
larity in performance between the two groups
Jasted only about ten trials; after this point, the
verbal encouragement group showed no further
improvement, whereas the group receiving KP
continued to improve.

Augmented Feedback Can Hinder

Skill Learning

An effect of augmented feedback on skill learning
that many might not expect is that it can hinder the
Jearning process and, in some cases, actually make
learning worse than it would have been otherwise.
This effect is especially evident when a beginning
learner becomes dependent on augmented feedback
that will not be available in a test situation. Typi-
cally, the performance improvement the leamner
experienced during practice deteriorates in the test
situation. In fact, in some situations, not only does
petformance deteriorate  when augmented feed-
back is withdrawn, but the test performance is no
better than if augmented feedback had not been
given at all.

The characteristic of tasks that is the most likely
to lead to a dependency on augmented feedback is
task-intrinsic feedback that is minimal or difficult
to interpret. When performing these types of tasks,
people typically substitute augmented feedback for
task-intrinsic feedback, because it gives them an
casy-to-use guide for performing correcily.

Several types of situations can lead a person to
become dependent on augmented feedback. We
will discuss three later in this chapter. One con-
cern is the presentation of erroneous augmented
feedback. Another situation involves the presen-
tation of concurrent augmented feedback, which
refers to giving augmented feedback while a pet-
son performs a skill. The third occurs when aug-
mented feedback is given too frequently during
practice.
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THE CONTENT OF AUGMENTED
FEEDBACK

In this section, we will focus on important issues
concerning the content of augmented feedback, and
then examine several types of augmented feedback
that practitioners can use. We will consider five
issues related to the content of augmented feed-
back, Each of these concerns some of the kinds of
information augmented feedback may contain.

Information about Errors versus Correet
Aspects of Performance

An often debated issue about augmented feedback
content is whether the information the instructor
conveys to the learner should refer to the mistakes he
or she has made or those aspects of the performance

that are correct. Research evidence consistently has
shown that error information is more effective for
Jacilitating skill learning, especially in terms of
durability and transfer capability. This evidence sup-
ports an important hypothesis, that focusing on what
is done correctly while learning a skill, especially in
the early stage of learning, is not sufficient by itself to
produce optimal learning. Rather, the experience the
person has in correcting errors by operating on error-
based augmented feedback is especially important
during skill acquisition to enhance performance of
the skill in different environments and situations,
as well as to enhance the capability to self-correct
errors while performing the skill.

Another way of looking at this issue is to con-
sider the different roles augmented feedback plays.
Error information directs a person to change certain
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Participants in an experiment by den Brinker, Stabler,
Whiting, and van Wieringen (1986) learned to per-
form on the stalom ski simulator, tke the one illus-
trated in the preceding chapter in figure 14.2. Their
three-part goal was to move the platform from left to
right as far as possible at a specific high frequency,
and with a motion that was as fluid as possible. On
the basis of these performance goals, three groups
received different fypes of information as KP after
each trial: the distance they had moved the platform,
how close they were to performing at the criterion
platform movement freguency, and how fluid their

KP about Certain Features of a Skill Helps Correct Other Features

movements were (i.e., fliercy). All three groups prac-
ticed for four days, performing six 1.5 min frials each
day, with a test trial before and after each day’s prac-
tice trials.

Barly in practice, the type of KP an individual
received influenced only the performance measure
specifically related to that feature of performing the
skill. However, on the last two days of praciice, KP
about distance caused people to improve all three
performance features. Thus, giving KP about one per-
formance feature led to improvement not only of that
one, but also of the two other performance features.

performance characteristics; this in furn facilitates
skill acquisition. On the other hand, information
indicating that the person performed certain char-
acteristics correctly tells the person that he or she
is on track in learning the skill and encourages
the person to keep trying. When we consider aug-
mented feedback from this perspective, we see that
whether this feedback should be about errors or
about correct aspects of performance depends on
the goal of the information, Error-related infor-
mation works better to facilitate skill acquisition,
whereas information about correct performance
serves better to motivate the person fo continue.

KR versus KP
Two relevant questions concerning the comparison
of the use of KR and KP in skill learning situations
are these: Do practitioners use one of these forms of
augmented feedback more than the other? Do they
influence skill learning in similar or different ways?
Most of the evidence addressing the first question
comes from the study of physical education teachers
in actual class situations, The best example is a stady
by Fishman and Tobey (1978). Although their study
was conducted many years ago, it is representative
of more recent studies, and it involves the most
extensive sampling of teachers and classes of any
study that has investigated this question. Fishman
and Tobey observed teachers in eighty-one classes

teaching a variety of physical activities. The results
showed that the teachers overwhelmingly gave KP
{94 percent of the time) more than KR.

An answer to the second question, concerning
the relative effectiveness of KR and KP, is more dif-
ficult to provide because of the lack of sufficient and
conclusive evidence from research investigating this
question. The following examples of experiments
provide some insight into a reasonable answer.

Two of the experiments suggest that KP is better
than KR to facilitate motor skill learning. Kernodle
and Carlton (1992) compared KR with videotape
replays and verbally presented technigue state-
ments as KP in an experiment in which participants
practiced throwing a soft, spongy ball as far as pos-
sible with the nondominant arm. KR was presented
as the distance of the throw for each practice irial.
The results showed that KP led to better throwing
technique and distance than KR. Zubiaur, Ofia, and
Delgado (1999) made a similar conclusion in a
study in which university students with no previous
volleyball experience practiced the overhead serve
in volleyball. KP was specific information about
the most important error o correct as it related to
action either before hitting or in hitting the ball,
KR referred to the outcome of the hit in terms of
the ball’s spatial precision, rotation, and flight. The
results indicated that KP was more influential for
learning the serve.
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However, a study by Silverman, Woods, and
Subramaniam (1999) provided evidence for the
benefit of both KR and KP in terms of how each
related to how often students in physical education
classes would engage in successful and unsuccess-
ful practice trials during a class. They observed
eight middle school teachers teaching two classes
cach in various sport-related activities. The results
indicated that teacher feedback as KR and as KP
showed relatively high correlations with the fre-
quency of students engaging in successful practice
trials (.64 and .67, respectively).

These studies indicate that both KR and KP can
be valuable for skill learning, With this in mind,
consider the following hypotheses about conditions
in which each of these forms of augmented feed-
back would be beneficial. KR will be beneficial for
skill learning for at least four reasons: (1) Learners
often use KR to confirm their own assessments of
the task-intrinsic feedback, even though it may be
redundant with task-intrinsic feedback. (2) Learn-
ers may need KR because they cannot determine
the outcome of performing a skill on the basis of
the available task-intrinsic feedback. (3) Learners
often use KR to motivate themselves to continue
practicing the skill, (4) Practitioners may want to
provide only KR in order to establish a discovery
learning practice environment in which learners are
encouraged to engage in problem-solving activity
by making trial and error as the primary means of
solving the problem of how to perform a skill to
achieve its action goal.

On the other hand, KP can be especially ben-
eficinl when (1) skills must be performed accord-
ing to specified movement characteristics, such as
gymnastics stunts or springboard dives; (2) specific
movement components of skills that require com-
plex coordination must be improved or corrected;
(3) the goal of the action is a kinematic, kinetic, or
specific muscle activity; (4) KR is redundant with
the task-intrinsic fecdback.

Qualitative versus Quantitative Information

Augmented feedback can be qualitative, quantita-
tive, or both. If the augmented feedback involves a
numerical value related to the magnitude of some

When giving verbal KP, it is important to provide infermation
that is meaningfill to the person to whom it is given.

performance characteristic, it is called quantitative
augmented feedback. In contrast, qualitative aug-
menfed feedback is information refetring to the
quality of the performance characteristic without
regard for the numerical values associated with it.
For verbal augmented feedback, it is easy to
distinguish these types of information in perfor-
mance situations. For example, a therapist helping a
patient to increase gait speed could give that patient
qualitative information about the latest attempt in
statements such as these: “That was faster than the
last time”; “That was much better”; or “You need to
bend your knee more.” A physical education teacher
teaching a student a tennis serve could tell the stu-
dent that a particular serve was “good,” or “long,”
or could say something like this: “You made contact
with the ball too far in front of you.” On the other
hand, the therapist could give the patient quantita-
tive verbal augmented feedback using these words:
“That time you waiked 3 seconds faster than the
last time,” or, “You need to bend your knee 5 more
degrees.” The teacher could give quantitative feed-
back to the tennis student like this: “The serve was
6 centimeters too long,” or “You made contact with
the ball 10 centimeters too far in front of you.”
Practitioners also can give quantitative and
qualitative information in nonverbal forms of aug-
mented feedback. For example, the therapist could

give qualitative information to the patient we have
described by letting him or her hear a tone when
the walking speed exceeded that of the previous
attempt or when the knee flexion achieved a target
amount. The teacher could give the tennis student
qualifative information in the form of a computer
display that used a moving stick figure to show
the kinematic characteristics of his or her serving
motion. Those teaching motor skills often give
nonverbally presenied quantitative information in
combination with qualitative forms. For example,
the therapist could show a patient a computer-based
graphic represeniation of his or her leg movement
while walling along, displaying numerical values
of the walking speeds associated with each attempt
or the degree of knee flexion observed on each
attermnpt. We could describe similar examples for
the tennis student.

How do these two types of augmented feedback
information influence skill learning? Although the
traditional view 1s that quantitative augmented
feedback is preferred, results from an experiment
by Magill and Wood (1986) suggest a different
conclusion. Each participant practiced moving his
or her arm through a series of wooden barriers to
produce a specific six-segment movement pattern.
Each segment had its own criterion movement time,
which participants had to learn. Performance for
the first sixty trials showed no difference between
gualitative and quantitative forms of KR. However,
during the final sixty trials and on the twenty no-KR
retention trials, quantitative KR resulted in better
performance than qualitative.

These results suggest that people in the early
stage of learning give attention primarily to the
qualitative information, even when they have quan-
titative information available. The advantage of
this attention focus is that the qualitative informa-
tion provides an easier way to make a first approxi-
mation of the required movement. Put another
way, this information allows learners to perform an
action that is “in the ballpark™ of what they need
to do, which, as we discussed in chapter 12, is an
important goal for the first stage of learning. Afier
they achieve this “ballpark™ capability, quantita-
tive information becomes more valuable to them,
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because it enables them to refine characteristics of
performing the skill that lead to more consistent
and efficient achievement of the action goal.

Augmented Feedback Based on Error Size

A question that has distinct practical appeal is
this: How large an ervor should a performer make
before the instructor or therapist gives augmented
feedback? To many, it seems reasonable to pro-
vide feedback only when errors are large enough
to warrant attention. This approach suggests that in
many skill learning situations, practitioners develop
performance bandwidths that establish perfor-
mance error tolerance limits specifying when they
will or will not give augmented feedback. When
a person’s performance is acceptable (i.e., within
the tolerance limits of the bandwidth) the practi-
tioner does not give feedback. But if the perfor-
mance is not acceptable (i.e., the amount or type
of error is outside the bandwidth) the practitioner
gives feedback.

Research supports the effectiveness of the per-
formance bandwidth approach. For example, in the
first reported experiment investigating this proce-
dure, Sherwood (1988) had participants practice
a rapid elbow-flexion task with a movement-time
goal of 200 msec. One group received KR about
their movement-time error after every trial, regard-
less of the amount of error (i.e., 0 percent band-
width). Two other groups received KR only when

quantitative augmented feedback augmented
feedback that includes a numerical value related to
the magnitude of a performance characteristic
(e.g., the speed of a pitched baseball).

qualitative augmented feedback augmented feed-
back that is descriptive in nature (e.g., using such
terms as good, long), and indicates the quality of
performance.

performance bandwidth  in the confext of provid-
ing augmented feedbacl, a range of acceptable per-
formance error; angmented feedback is given only
when the amount of error is greater than this range.
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Bandwidth Technique

Cawraugh, Chen, and Radlo (1993) had subjects
practice a timing task in which they had to press a
sequence of three keys in 500 msec. Participants in
one group received quantitative KR about their move-
ment times {(MT) when MT was outside a 10 percent
performance bandwidth. A second group, in the
reverse of that condition, received guantitative KR
only when MT was inside the 10 percent performance
bandwidth. Two additional groups had participants
“yoked” to individual participants in the outside and
inside bandwidth conditions. Members of these two
groups received KR on the same trials their “yoked™
counterparts did. This procedure provided a way
to have two conditions with the same frequency of
augmented feedback, while allowing a comparison
between bandwidth and no-bandwidth conditions,

Quantitative versus Qualitative Augmented Feedback and the Performance

In terms of KR frequency, those in the outside
bandwidth condition received quantitative KR on
25 percent of the sixty practice trials; those in the
inside condition received KR on 65 percent of the tri-
als. The inferesting feature of this difference is that
the remaining irials for both groups were impticitly
qualitative KR trials, because when they received no
KR, the participants knew that their performance was
“good” or “not good.” The retention test performance
results showed that the two bandwidth conditions did
not differ, but both yielded better learning than the
no-bandwidth conditions. These results show that
establishing performance bandwidths as the basis
for providing guantitative KR yields an interplay
between quantitative and qualitative KR that facili-
tates skill learning,

their error exceeded bandwidths of 5 percent and
10 percent of the goal movement time. The results
of a no-KR retention test showed that the 10 percent
bandwidth condition resulted in the least amount
of movement time variability (i.e., variable error),
whereas the 0 percent condition resulted in the
most variable error. Other researchers have repli-
cated these results (e.g., Lee, White, & Carnahan,
1990; Cauraugh, Chen, & Radlo, 1993).

A practical issue concerning the use of the band-
width technique relates to the instructions pro-
vided about the bandwidth procedure. This issue
is relevant because when the learners receive no
augmented feedback about their performance, the
implicit message is that it was “correct.” There is
an instruction-related question here: Is it important
that the learner explicitly be told this information,
or will the learner implicitly learn this informa-
tion during practice? According to the results of an
experiment by Butler, Reeve, and Fischman (1996),
the bandwidth technique leads to better learning
when the participants know in advance that not
receiving KR means they are essentially “correct.”

Erroneous Augmented Feedback

One of the ways augmented feedback hinders learn-
ing is by providing people with erroneous informa-
tion. While this statement may seem unnecessary
because it makes such common sense, the state-
ment gains importance when it is considered in
the context of practicing a skill that can be learned
without augmented feedback. In this skill learning
situation, augmented feedback is redundant with
the information available from task-intrinsic feed-
back. As a result, most people would expect that to
provide augmented feedback would be a waste of
time because it would not influence the learner. But
research evidence shows that this is not the case,
because even when augmented feedback is redun-
dant information, beginners will use it rather than
ignore it.

The first evidence of this type of effect was
reported by Buekers, Magill, and Hall (1992). Par-
ticipants practiced an anticipation timing task simi-
lar to the one used by Magill, Chamberlin, and Hall
(1991), which was described eatlier in this chapter as
a task for which KR is not needed to learn the task,
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In the Buekers et al. experiment, three of four groups
received KR after every trial. The KR was displayed
on a computer monitor and indicated to the partici-
pants the direction and amount of their timing error.
For one of these groups, KR was always correct. But
for another group, KR was always erreneous by indi-
cating that performance on a trial was 100 msec later
than it actually was. The third KR group received
correct KR for the first fifty trials, but then received
the erroneous KR for the last twenty-five trials. A
fourth group did not receive KR during practice.
The results (figure 15.3) showed two impor-
tant findings. First, the correct-KR and the no-KR
groups did not differ during the practice or the
retention trials, which confirmed previous findings
that augmented feedback is not needed to learn this
skill, Second, the erroneous KR information led
participants to learn to perform according to the KR

rather than according to the task-intrinsic feedback.
This latter result suggested that the participants
used KR, even though it was ervoneous information.
BEven more impressive was that the erroncous KR
influenced the group that had received correct KR
for fifty trials and then was switched to the errone-
ous KR. After the switch, this group began to per-
form similarly to the group that had received the
incorrect KR for all the practice trials. In addition,
the erroneous information not only influenced per-
formance when it was available but also influenced
retention performance one day and one week laFer
on no-KR. A subsequent experiment (McNevin,
Magill, & Buekers, 1994) demonstrated that the
erroneous KR also influenced performance on a
no-KR transfer test in which participants were
required to respond to a faster or slower speed than
they practiced.

et A o
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The preceding demonstrations of erroncous KR
effects were based on laboratory tasks, but similar
results have been shown for sports skills. For exam-
ple, an experiment by Ford, Hodges, and Williams
(2007} had skilled soccer players kicking a ball
to a target, which required that the ball achieve a
specific height during its flight. One group of play-
ers received erroneous KR about the height of the
balP’s flight during each kick by observing a pre-
recorded video clip of a kicked ball that reached a
height that was different from their own. Results
showed that the players eventually based the height
of their kicks on the erroneous video feedback
rather than on their own sensory feedback.

Why would erroneous KR affect learning a skill
Jor which KR is redundant information? The most
likely reason appears to be that when people per-
form skills, they rely on augmented feedback to help
them deal with their uncertainty about what the task-
intrinsic feedback is telling them. For the anticipa-
tion timing and soccer kicking tasks, the uncertai nty
may exist because the visual task-intrinsic feed-
back is difficult to consciously observe, interpret,
and use. Evidence for an uncertainty-based expla-
nation has been demonstrated in experiments by
Buekers, Magill, and Sneyers (1994), and Buekers
and Magill (1995),

The important message for practitioners here is
that people, especially those who are in the eatly stage
of skill learning, will use augmented feedback when
it is available, whether it is correct or not. Because
of their uncertainty about how to use or interpret
tagk-intrinsic feedback, beginners rely on augmented
feedback as a critical source of information on which
to base how they will move corrections on future
trials. As a result, instructors need to be certain that
they provide correct augmented feedback.

TYPES OF KNOWLEDGE
OF PERFORMANCE

Most of the research on which we base our knowl-
edge of augmented feedback and skill learning
comes from laboratory experiments in which
researchers gave KR to participants, Although most
of the conclusions from that research also apply to

Lab 15a in the Online T.earning Center Lab Manual
provides an epportunity for you to develop a prior-
ity list of KP statements that you might give as feed-
back to people tearning or relearning a motor skill.

KP, it is useful to look at some of the research that
has investigated different types of KP.

Verbal KpP

One of the reasons practitioners give verbal KP
more than verbal KR is that KP gives people more
information to help them improve the movement
aspects of skill performance. One of the problems
that arises with the use of verbal KP is determin-
ing the appropriate content; what to tell the person
practicing the skill. This problem occurs because
skills are typically complex and KP usually relates
to a specific feature of skill performance. The chal-
lenge for the nstructor or therapist, then, is select-
ing the appropriate features of the performance on
which to base KP.

Selecting the skill component for KP. The first
thing the practitioner must do is petform a skill anal-
ysis of the skill being practiced. This means identi-
fying the various component parts of the skill. Then,
he or she should prioritize cach part in terms of how
critical that part is for performing the skill. Prioritize
by listing the most critical part first, then the sec-
ond most critical, and so on. To determine which
part is most critical, decide which part of the skill
absolutely must be done properly for the person to
achieve the skills action goal. For example, for the
skill of throwing a dart at a target, the most criti-
cal component is looking at the target. This part is
the most critical because even if a beginner did all
other parts of the skill correctly (which would be
unlikely), there is a very low chance that he or she
would throw the dart accurately without looking at
the target. In this case, then, looking at the target
would be first on the skill analysis priority list, and
would be the first part of the skill assessed in deter-
mining what to give KP about. (For two examples

In an experiment by Weeks and Kordus (1998),
twelve-year-old boys who had no previous experi-
ence in soccer practiced a soccer throw-in. The par-
ticipants’ goal was to perform throw-ins as accurately
as possible to a target on the floor. The distance to
the target was 75 percent of each participant’s maxi-
mum throwing distance. They received verbal KP on
one of eight aspects of technique, which the research-
ers referred to as “form.” Which aspect of form each
participant received was based on the primary form
problem identified for a throw-in. The researchers
constructed a [list of eight “form cues” on the basis
of a skill analysis of the throw-in and used this list to
give verbal KP. The eight form cues were these:

An Example of Basing Verbal KP on a Skill Analysis
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1. The feet, hips, knees, and shoulders should be
aimed at the target, feet shoulder width apart.

2. The back should be arched at the beginning of
the throw,

3. The grip should look like a “W” with the thumbs
together on the back of the ball,

4. The ball should start behind the head at the
beginning of the throw.

5. The arms should go over the head during the
throw and finish by being aimed at the target.

6. There should be no spin on the ball during
its flight.

7. The ball should be released in front of the head.

8. Feet should remain on the ground.

of research reporting the use and benefit of a skill
analysis approach to selecting skill components as
the basis for verbal KP, see Magill & Schoenfelder-
Zohdi, 1996; Weeks & Kordus, 1998).

Descriptive and prescriptive KP. After determining
which aspect of the skill about which to give KP, the
practitioner needs to decide the content of the state-
ment to make to the learner. There are two fypes of
verbal KP statements. A descriptive KP statement
simply describes the etror the performer has made.
The other type, prescriptive KP, not only identi-
fies the error, but also tells the person what to do to
correct it. For example, if you tell a person, “You
moved your right foot too soon,” you describe only
the problem. However, i you say, “You need to
move your right foot at the same time as you move
your right arm,” you also give prescriptive informa-
tion about what the person needs to do to correct the
problem,.

Which type of verbal KP better facilitates learn-
ing? The answer is that it varies with the stage of
learning of'the person practicing the skill. For exam-
ple, the descriptive KP statement, “You moved
your right foot too soon,” would help a beginner
only if he or she knew the actual time at which the
right foot was supposed to move. Thus, descriptive

KI* statements are useful to help people improve
performance only after they have learned what they
need to do to make a correction. This suggests that
prescriptive KP statements are more helpfid for
beginners. For the more advanced performer, a
descriptive KP statement often will suffice.

Video Recordings as Augmented Feedback

The availability and use of video recordings as aug-
mented feedback argues for the need for practition-
ers to know about how to use them effectively. It is
common fo find Internet sites and articles in profes-
sional journals that offer guidelines and suggestions
for the use of video replays as feedback (e.g., Ber-
tram, Marteniuk, & Guadagnoli, 2007; Franks &

descriptive KP  a verbal knowledge of perfor-
mance (KP) statermnent that describes only the error
a person has made during the performance of

a skill.

preseriptive KP  a verbal knowledge of perfor-
mance (KP) statement that describes crrors made
during the performance of a skill and states (i.c.,
prescribes) what needs to be done to correct them.

e,
P
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A study by Hebert, Landin, and Menickelli (1998)
investigated the use of video replays as a part of the
practice sessions for skilled female tennis players who
needed to improve their attacking shots. Although
the players who watched the video replays improved
more than the players who did not, the athletes
required a period-of time to learn to use the replays
effectively. According to the researchers’ field notes
and recordings of the athletes while they watched the
videotapes, this period of time involved a progression
through four stages in their use of the replays:
1. Players familiarized themselves with observ-

ing themselves on video. They made general

Skilled Athletes Progress through Distinct Stages As They Learn to Use Video Replays

comments about how they personally looked

on videotape as well as about their playing
techniques.

Players began to recognize specific technical
errors in their attack shots.

Players became more analytical as they made
direct connections between their technigue and
the outcome of that technique,

Players began to use their observations of
replays to indicate corrections they should make
to their technique errors. They indicated aware-
ness of the key aspects of their performance that
related to successfully hiiting the attack shot.

Maite, 1991; Jambor & Weekes, 1995; Trinity &
Annesi, 1996). However, very little empirical
research exists that establishes the effectiveness of
video replays as an aid for skill acquisition. In fact,
the most recént extensive review of the research lit-
erature related to the use of video recordings as a
source of augmented feedback in skill learning situ-
ations was published many years ago (Rothstein &
Arnold, 1976). One likely reason why more recent
reviews have not been published is that the research
reported since that review has supported its general
conclusions rather than establish different ones.

The most significant conclusion from that
review was that the critical factor for determining
the effectiveness of video replays as an instruc-
tional aid was the skill level of the learner rather
than the type of activity. For beginners to benefit
from video replays, they require the assistance of
an instructor to point out critical information.
Advanced performers do not appear to need
instructor aid as frequently, although discussions
with skilled athletes suggest they often receive
greater benefit from observing replays when they
receive some form of attention-directing instruc-
tions, such as verbal cues and checkTists.

A good example of research that demonstrated
the benefit of having an instructor point out what

the observer of the video replay should look for
was reported in an experiment that compared video
teplay as KP to verbal KP and no KP for teach-
ing moderately skilled golfers to hit a golf ball for
distance and accuracy (Guadagnoli, Holcomb, &
Davis 2002). Three groups engaged in 90 min train-
ing sessions on each of four days: a control group,
which the researchers called the “self-guided”
group, practiced without any KP but could hit as
many golf balls as they wanted; a verbal KP group
received feedback from a PGA teaching profes-
sional throughout each session. The video KP group
saw video replays of their swings throughout the
sessions as well as getting the verbal KP from the
teaching professional, The goal was to hit golf balls
with a 7-iron as far as possible along a straight Iine.
Performance was assessed by several distance and
accuracy measures. Figure 15.4 shows the results
for the “accuracy distance” measure, which was
caleulated by subtracting the distance a ball was off
the straight target line from the total distance. This
result, which is representative of the other measures,
indicates the effectiveness of the video replay added
to the verbal KP group for learning the golf swing:
the video KPP group performed better than the other
two groups on a retention test given two weeks
after the end of the training sessions (i.e., two-week
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FIGURE 154 Results of the experiment by Guadagnoli et al.
(2002} showing that video replays with verbal KP (video KP)
led to betier long-term retention performance than no KP (con-
trol) and verbal KP for learning to hit a golf ball for distance
and accuracy. The performance measure “accuracy distance”

is the total distance a ball fraveled minus the distance from the
targes straight line. [Data [rom figure 2 (p. 990) in Guadagnoli, M.,
Holcomb, W., and Davis, M. (2002). The eMcacy of video feedback for
learning the golf swing. Jowrnal of Spores Sciences, 20, 615-622.]

posttest). An interesting characteristic of this study
demonstrates the importance of augmented feed-
back in relation to the amount of practice for learn-
ing of a skill. Because the golfers were not limited
to hitting a specified number of balls during each
training session, the three groups differed in the
number of balls hit during training. Interestingly,
the control group hit the most practice balls, but per-
formed worse than the other two groups. The video

-KP group hit the fewest practice balls but learned

the skill better than the other two groups.

Research evidence also establishes that video
replays transmit certain types of performance-
related information more effectively than other
types. One of the best examples of an experiment
that supports this conclusion was one conducted
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many years ago by Selder and Del Rolan (1979).
They compared videotape replays and verbal aug-
mented feedback (in the form of KP) in a study in
which twelve-to-thirteen-year-old girls were leamn-
ing to perform a balance beam routine, All the girls
used a checklist to critically analyze their own
performance after each trial. One group used verbal
KP to complete the checklist; another group com-
pleted the checklist after viewing videotape replays
of each trial. At the end of six weeks of practice,
the videotape group scored significantly higher on
the routine than the verbal KP group. More impor-
tant, when each factor of the total routine score was
evaluated, the videotape group scored significantly
higher on only four of the eight factors: precision,
execution, amplitude, and orientation and direc-
tion. The two groups did not differ on the other
four: rhythm, elegance, coordination, and lightness
of jumping and tumbling.

The results of this study suggest that video
replay facilitates the learning of those performance
features that performers can readily observe and
determine how to correct on the basis of what they
see on the video replay. However, for performance
features that are difficult to visually discern, video
replay is no more effective than verbal KP.

Movement Kinematics as Augmented Feedback
With the widespread availability of computer soft-
ware capable of providing sophisticated kinematic
analysis of movement, it has become increasingly
common to find sport skill instruction and physical
rehabilitation situations in which people can view
graphically presented linematic representations of
their performances as a form of feedback. Unfortu-
nately, as was the case with the use of video replays,
there is little research evidence that provides defin-
itive answers to questions concerning the effective-
ness of this means of providing augmented feedback.
However, the few studies that have been reported
provide some insight into the use of this form of
augmented feedback.

One of the first studies to investigate the use
of movement kinematics did not involve a com-
puter and was carried out many years ago. This



350 UNIT V ® INSTRUCTION AND AUGMENTED FEEDBACK

study is important because it illustrates the histor-
ical interest in this type of feedback, it involved
a real-world training situation, and it exemplifies
the positive effect that kinematic information can
have on skill learning. Lindahl (1945) investi-
gated the methods used to train industrial machine
operator trainees to precisely and quickly cut thin
disks of tungsten with a machine that required
fast, accurate, and rhythmic coordination of the
hands and feet. The traditional approach to train-
ing for this job was a trial-and-error method. To
assess an alternative method, Lindahl created a
mechanism thai would make a paper tracing of
the machine operator’s foot movement pattern
during the cutting of each disk. During training,
the trainers showed the trainees charts illustrat-
ing the correct foot action (see the top portion of
figure 15.5), and periodically showed them trac-
ings of their own foot action. The results (see the
bottom portion of figure 15.5) indicated that this
training method based on movement kinematic
information as augmented feedback enabled the
trainees to achieve production performance lev-
els in eleven weeks, compared to the five months
required by trainees who used the traditional
trial-and-error method. In addition, the train-
ees reduced their percentage of broken cutting
wheels to almost zero in twelve weeks, a level
not achieved by those trained with the traditional
method in less than nine months,

A comprehensive series of experiments reported
by Swinnen and his colleagues serve as good exam-
ples of more recent laboratory research (Swinnen
etal, 1990; Swinnen, Walter, Lee, & Serrien,
1993). Participants in these experiments practiced
a bimanual coordination task that required them
to simultaneously move two levers, but with each
lever requiring a different spatial-temporal move-
ment pattern. Kinematic information was presented
as augmented feedback in the form of the angular
displacement for each arm superimposed over the
criterion displacements. In several experiments, the
kinematic augmented feedback was compared with
various other forms of augmented feedback. The
results consistently demonstrated the effectiveness
of the use of the displacement information.

Trainees

Y Y O T
45867 8 9101112
Weeks of training

Production performance percentage

FIGURE 15,5 The upper panel illustrates the foot action
required by the machine operator to produce an acceptable
disk cut in the experiment by Lindahl. The graph at the bottom
indicates the production performance achieved by the trainces
using graphic information during twelve weeks of training, The
dashed lines indicate the levels of performance achieved by
other workers after two, five, and nine months of experience.
[From Lindahl, L. G. {1945). Movement analysis as an industrial train-
ing method. Journal of Applied Psychology, 29, 420436, American
Psychological Association.]

An experiment by Wood, Gallagher, Martino,
and Ross (1992) provides a good example of the use
of graphically displayed movement kinematics for
learning a sports skill, Pasticipants practiced hitting
a golf shot with a 5-iron. A commercially marketed
golf computer monitored the velocity, displacement,
and trajectory path of each swing as the head of the
club passed over light sensors on the platform from
which the ball was hit. This information was then
displayed on a moniter. One group saw a template
of an optimum pattern along with the kinematics;
a second group did not see this template. A third
group received the same kinematic information

A Case Study of the Use of Center of Gravity as Augmented Feedback for Balance
Training for Strole Patients

A form of augmented feedback that has been used for
balance training in physical therapy contexis is the
visual presentation on a computer monitor of a per-
son’s center of gravity. A case study reported by Sim-
mons and associates (1998) is an interesting example
of the effectiveness of this type of augmented feed-
back iz a clinical setiing.

The patient: A seventy-four-year-old poststroke,
hemiparetic male with whom therapists were working
to help him regain balance control while standing.

Balance training therapy: Following a pretest, the
patient engaged in three balance training therapy
sessions a week for four weeks. During each therapy
session the patient stood on two force plates while
looking at a computer monitor placed at eye level.
On the monitor, he could see a small white dot super-
imposed on a white cross, which indicated an appro-
priate center of gravity while standing. During each
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therapy session, a clear plastic template marked with
a circular pattern of eight alphabetic letters was placed
on the monitor. A verhal command to the patient indi-
cated that he should initiate a weight shift that would
cause the white dot to move from the center and hit
the target letter and then return the dot back to the
center cross. The patient did this for six | min intet-
vals with a 45 sec rest between intervals. A posttest
followed at the end of the 4 wk training period, and a
retention test was given two weeks later,

Results: One of the tests simulated a sudden loss of
balance, which involved a quick (400 msec) 5.7 cm
forward and backward movement of the force plates
on which the patient was standing. The patient’s per-
formance on this motor control test during the 2 wk
retention test showed a G0 percent improvement for
response strength of the affected leg, and a marked
shifi in balance onto the affected leg in the patient’s
attempts to regain balance.

verbally in the form of numbers., A fourth group
received no augmented feedback. On a reten-
tion test given one week later without augmented
feedback, the group that had observed the graphic
presentation of the swing kinematics along with the
optimum pattern template performed best.

Another type of kinematic related information
that has been effectively used as augmented feed-
back is a person’s cenfer of pressure (COP). This
biomechanical type of information is most com-
monly used as a type of augmented feedback for
people learning or improving static and dynamic
balance skills. For example, a study by Taube,
Leukel, and Golthofer (2008) investigated the use
of a handheld laser pointed at a target on a wall to
provide augmented visual feedback of gach partici-
pant’s COP to assist them in maintaining upright
standing batance on both rigid and unstable sur-
faces. Results showed that participants maintained
better balance stability when they used the laser
pointer device than when they did not.

Biofecdback as Augmented Feedback

The term biofeedback refers to an augmented form
of task-intrinsic feedback related to the activity of
physiological processes, such as heart rate, blood
pressure, muscle activity, and the like. Several forms
of biofeedback have been used in motor skili learning
situations. The most common is electromyographic
(EMG) biofeedback, which provides information
about muscle activity.

EMG biofeedback has been commonly used
in physical rehabilitation settings and research.
Although researchers continue to debate its effec-
tiveness there is general agreement that it can ben-
efit motor skill learning. (For a review and eritical

piofeedback a type of augmented feedback that
provides information about physiclegical pro-

cesses through the use of instrumentation (e.g., EMG
biofeedback).
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analysis of the use of EMG biofeedback in physical
therapy see Huang, Wolf, & He, 2006). The follow-
ing two research examples illustrate some of the
positive resuits researchers have reported for the
use of EMG as a source of augmented feedback.
An experiment by Brucker and Bulaeva (1996) used
EMG biofeedback with long-term cervical spinal
cord—injured people to determine if it would help
them increase their voluntary EMG responses from
the triceps during elbow extension. Resuits indi-
cated that participants who experienced only one
45 min treatment session significantly increased
their triceps EMG activity; and those who experi-
enced additional freatment sessions demonstrated
even further increases,

The purpose of a study by Intiso and colleagues
{1994) was to determine the effectiveness of EMG
biofeedback to help postsiroke patients overcome
foot drop of the paretic limb during the swing phase
of wallking. Some patients received EMG biofeed-
back during their physical therapy, whereas others
did not. A unique characteristic of this study was the
use of gait analysis to assess foot drop during the gait
cycle. Results of this analysis demonstrated that the
EMG biofeedback intervention led to better recov-
ery than physical therapy without the biofeedback.

Aunique type of biofeedback was used by Chollet,
Micallef, and Rabischong (1988) for swimmers. The
researchers developed swimming paddles that would
provide information to enable highly skilled swim-
mers to maintain their optimal velocity and mumber
of arm cycles in a training session. The swimming
paddles contained force sensors and sound genera-
tors that transmitted an audible signal to transmit-
ters in a swimmer’s cap. The sensors were set at a
desired water-propulsion-force threshold; when the
swimmer reached this threshold, the paddles pro-
duced a sound audible to the swimmer. The results
showed that this device helped swimmers maintain
their stroke count and swimming speed when they
otherwise would have found it decreasing through
the course of a long-distance practice session.

Finally, another type of biofeedback has been
applied in the training of competitive rifle shooters
(Daniels & Landers, 1981). Heartbeat biofeedback
was presented audibly to help these athletes learn to

squeeze the rifle trigger between heartbeats, which
is a characteristic of elite shooters. '

In general, research evidence has supported the
effectiveness of biofeedback as a means of facilitat-
ing motor skill learning. However, debate continues
concerning the specific situations in which the use
of biofeedback is an effective and preferred form of
angniented feedback, especially in physical reha-
bilitation situations {e.g., Moreland & Thomson,
1994; Moreland, Thomson, & Fuoce, 1998).

An additional concern about the use of biofeed-
back as augmented feedback is the tendency for peo-
ple to become dependent on it to help them perform
the skill. The result of this dependency is that when
they must perform the skill without biofeedback,
their performance level decreases. This concern is
not unique to the use of biofeedback but to all types
of augmented feedback. We will address this issue,
along with strategies to overcome the problem, in the
last section of this chapter in which the frequency of
presenting augmented feedback will be discussed.

TIMING ISSUES RELATED TO
AUGMENTED FEEDBACK

Finally, three important questions arise about the
timing of giving augmented feedback. To continue
with the example in which you are teaching a person
to play golf, one question is this: Should vou give
augmented feedback while the person swings, after
he or she has hit the ball, or both times? If you give
feedback after the person hits the ball, the second
question arises: How soon after the person’s hitting
of the ball should you give augmented feedback?
The third question concerns whether you should give
augmented feedback every time the person hits the
ball, or only a few times during the practice session.

Concurrent and Terminal

Augmented Feedback

Is it better to give augmented feedback while a
person is performing a skill, in what is known as
concurrent angmented feedback or at the end of
a practice attempt, in what we call terminal aug-
mented feedbaek? Unfortunately, a search through
the motor learning research literature suggests that
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Concurrent Augmented Feedback Can Take Various Forms

When augmented feedback is given concurrently, it typically enhances task-intrinsic feedback while a person is
performing a skill. The following examples illustrate the various forms that this enhancement can take.

Activity Characteristic

Activity Example

Concurrent Augmented Feedback

sireet

Maove a specific amount of
distance for a period of time
Activate specific muscle Walking

Continuous movement accuracy Steering in a car simulator
through a narrow, winding

Knee-extension device that
measures range of motion

Continuous visible or audible
signai when vehicle is inside or
outside the street boundaries

Continuous curve on computer
monitor showing knee angle

Continuous andibie signal when
the target muscle is activated

there is no unequivocal answer to this question.
However, a guideline emerges from that literature
that can help us answer the question. Terminal aug-
mented feedback can be effective in almost any skill
learning situation, although the teacher or therapist
must consider the nature of its effect in light of our
discussion earlier in this chapter of the four differ-
ent effects augmented feedback can have on skill
learning. Concurrent augmented feedback, as you
will see in the following sections of this discussion,
seems to be most effective when the task-intrinsic
feedback is difficult to use to determine how to per-
form the skill or improve performance. Because
most of the discussion thus far in this chapter has
involved terminal augmented feedback, the focus
of this section will be on concurrent augmented
feedback. '

Effects of concurrent angmented feedback on
learning. Research evidence has shown two general
types of effects for the use of concurrent augmented
feedback in skill learning situations. The more com-
mon is a negative learning effect. Although perfor-
mance improves very well during practice when
the feedback is available, it declines on retention or
transfer trials during which the augmented feedback
is removed. In these situations, the concurrent aug-
mented feedback influences learners to direct their

attention away from the critical task-intrinsic feed-
back and toward the augmented feedback. The result
is that they substitute the information derived from
augmented feedback for the important information
they should acquire from taslk-intrinsic feedback.
The result is that the augmented feedback becomes
an integral part of what 1s learned, and therefore nec-
essary for foture performance.

Two experiments, one involving a continuous
skill and the other involving a discrete skill, provide
examples of research that has demonstrated this neg-
ative learning effect. Verschueren, Swinnen, Dom,
and DeWeerdt (1997) had elderly healthy adults
and Parkinson’s patients practice the continuous
bimanual coordination task described in chapters
11 and 12 (see figure 11.4). The task required that
they learn to move two levers simultaneously for
20 sec in such a way that they would draw ellipses

concurrent augmented feedback augmented
feedback that is provided while a person is perform-
ing a skill or making a movement.

terminal augmented feedback augmented feed-
back that is provided afier a person has completed
the performance of a skill or a movement.
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Elbow extensor force

Force (mV)
]
g 8

FIGURE 15.6 An example frem
the Vaader Linden et al. experiment
of what a participant saw during
and/or after a trial on which they
attempted to produce a 5 sec etbow-
exlension force trace that replicated
as closely as possible the template
trace. [Reprinted from Vander Linden,
D. W.etal, {1993). “The effect of fre-
quency of kinetic feedback on learning an
isometric force production task in non-
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on the computer monitor. During the practice trials,
participants saw on the monitor the drawings pro-
duced as they moved their arms. The results showed
that participants in both groups made considerable
improvement daring practice when the concurrent
visual augmented feedback was available. But their
performance dropped dramatically on retention test
trials without the angmented feedback.

The negative learning effect has also been dem-
onstrated for the learning of a discrete task. Vander
Linden, Cauraugh, and Greene (1993) compared
concurrent and terminal augmented feedback for

learning a 5 sec isometric elbow-extension force

production task, which is illustrated in figure 15.6.
Participants recetved augmented feedback by seeing
the force produced during the performance of the
task on each trial. One group received this feedback
concurrently. Two other groups received this feed-
back after they completed performing the task. One
of these two groups saw this information after every
trial; the other saw it after every other trial. During
the practice trials, the concurrent augmented feed-
back group performed the task bester than the two
terminal groups. However, forty-eight hours later
On a retention test with no augmented feedback, the
concurrent group’s performance declined to a level
that was the poorest of the three groups,

L disabled subjects,” Physical Therapy, 73,
4000 5000  79-87 with permission of the American
Physical Therapy Association,]

The second general effect is that concurrent aug-
mented feedback enhances skill learning. A vari-
ety of situations have produced this effect. Some
of these are the training of flight skills for atrplane
pilots (e.g., Lintern, 1991}, the rehabilitation of
motor skills in physical therapy (e.g., Intiso et al.,
1994), the activation of specific muscles or mns-
cle groups (e.g., Brucker & Bulaeva, 1996), and
the learning of certain types of bimannal coordina-
tion laboratory tasks (e.g., Swinnen et al., 1993). In
these experiments, concurrent augmented feedback
enhanced relevant features of the task-intrinsic
feedback that were difficulf to discern without the
enhancement. Because most of these experiments
are described elsewhere in this book, there is no
need to describe them here.

Predicting learning effects of concurrent ang-
mented feedback, Two related hypotheses have
been proposed to help us better understand how to
predict when concurrent augmented feedback will
have a positive or negative effect on learning,. First,
Annett (1959, 1969, 1970) stated that augmenied
feedback should be considered in terms of its infor-
mation value, which he related to the “informa-
tiveness” of the task-intrinsic feedback and the
augmented feedback. When the information value

R, KR, R, KR,

KR-delay Post-KR
interval inierval

Interresponse interval

of task-intrinsic feedback is low, but the informa-
tion value of the augmented feedback is high, con-
current augmented feedback will most likely lead
to a dependency on the augmented feedback.

Lintern and his colleagues (Lintern, 1991;
Lintern, Roscoe, & Sivier, 1990) added another
dimension to Annett’s hypothesis by proposing
that practicing with augmented feedback will ben-
efit learning to the extent that the feedback sensi-
tizes the learner to properties or relationships in
the task that specify how the system being leamed
can be controlled. This means that for concurrent
augmented feedback to be effective, it must facili-
tate the learning of the critical characteristics or
relationships in the task as specified by the task-
intrinsic feedback Negative learning effects will
result when the augmented feedback distracts atten-
tion away from these features. But positive learn-
ing effects will result when the augmented feedback
directs atteniion to these features.

THE KR-DELAY AND POST-KR
INTERVALS:

The second timing issue related to augmented feed-
back concerns when the feedback is given termi-
nally. Two intervals of time are created between
two Irials: the KR-delay interval and the post-KR
interval.' These intervals are depicted graphically

"Note that the terminology used to describe these two intervals
follows the traditional labels used in the majority of the research
literature, even though we have becr using the term KR in a more
specific way than these interval labels imply. it is important to see
these intervals as relevant to a/f forms of augmented feedbacle.
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R KR,

FIGURE 157 Intervals
of time related to XR during
the acquisition of a skill,

in figure 15.7. To understand the relationship
between these intervals and skill learning, we must
understand the influence of two variables: #me, or
the length of the interval, and activity, or the cogni-
tive and/or motor activity during the interval.

The Length of the KR-Delay Interval

It is not uncommon to see statements in textbooks
indicating that a learner should receive augmented
feedback as soon as possible after performning a
skill, because delaying it beyond a certain amount
of time would lead to poorer learning. A signifi-
cant problem with this viewpoint is that it has little
research evidence to support it. Such a view comes
from research based predominantly on animal learn-
mg (see Adams, 1987). Research has established
that humans use augmented feedback as more than
a reward: augmented feedback has informational
value that humans use to solve problems associ-
ated with learning a skill. Whereas animal leam-
ing studies have shown that delaying reward leads
to decreased learning, human skill learning stud-
tes have shown that delaying augmented feedback
does not have this negative effect.

KR-delay interval the interval of time between
the completion of a movement and the presentation
of augmented feedback.

post-KR interval the interval of time between the
presentation of augmented feedback and the begin-
ning of the next trial.
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FIGURE 158 Resulis from the
experiment by Swinnen show-
ing the influence of estimating
the experimenter’s movement
esror (interpolation group) and
the influence of estimating the
participant’s own error (estima-
ton group) during the KR-delay
interval, compared with 1o activity
during the interval (free group).
[From Swinnen, 8. P. {1990). Interpo-
lated activities during the knowledge

B Interpolation
Lt Estimation
O Free

of results delay and post-knowledge
of results interval: Effects on perfor-
manece and learning. Journal of
Laperimental Psychology: Learning,
Memory, and Cognition, 16, 692-705.
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immediate Delayed

Activity During the KR-Delay Interval
Researchers investigating the effects of activity
during the KR-delay interval have found three types

of outcomes. The most common effect of activity
during the KR-delay interval on skill learning is
that it has no influence on learning. Bxperiments
have demonstrated this result since the 1960s (e.g.,
Bilodeau, 1969; Boulter, 1964; Marteniuk, 1986).

The second type of effect is much less commaon.
There is some evidence, although it is sparse, that
activity during the KR-delay interval hinders learn-
ing. Two specific types of activities have shown
this negative effect. One type includes activities
that involve the same learning processes requjred

by the primary task being leamed. For exam-

ple, Marteniuk (1986} showed that when another
motor or cognitive skill had to be leamed during
the KR-delay interval, these activities interfered
with Jearning of the primary skill. The other type
of activity that research has shown to hinder skill
learning involved estimating the movement-time
error of another person’s movement, which the
second person performed during the interval. In
an experiment by Swinnen (1990}, people learned
to move a lever a specified distance, involving
two reversals of direction, In a criterion move-
ment time. Participants who engaged in the error

Capyright © 1990 by the American
Psychological Association, Reprinted
with pernission.]

estimation activity during the KR-delay interval
showed worse performance on a retention test than
those who did nothing or who performed a non-
learning task during the interval.

Subjective performance evaluation. The third type
of effect is that certain activities during the KR-
delay interval actually can benefit learning. One
type of activity that has consistently demonstrated
this effect requires the person to evaluate his or her
own petformance. We will refer to this activity as
the subjective performance evaluation strategy.
Research has established the effectiveness of two
approaches to the use of this strategy. One requires
the estimation of the outcome of the performance,
the other requires the estimation of the movement-
related characteristics of the performance of the
skill, Swinnen (1990), in the experiment described
above, compared the strategies of the participant
estimating his or her own performance outcome
error with estimating performance cutcome ersor of
another person’s movement, Figure 15.8 shows that
subjective performance estimation led to a learning
benefit, but estimating another person’s performance
hindered leaming. More recently, Sherwood (2008)
further established the learning benefit of the sub-
jective performance error strategy in an experiment
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FIGURE 15.% Resuits of
the Anderson et al. experi-
ment showing the beneficial
effects of delaying a trial’s
KR for two trials (delay-2)
\ compared to presenting KR

after each trial (delay-0) for

.\. tearning a manual aiming
task. [Reprinted with permis-

sion fromn Research Quarterly for
Exercive and Sport, Vol. 63, Nu. 3,
286-200. Copyright © 1994 by the
American Association for Health,
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Blocks of 10 trials

involving four different laboratory learning tasks,
in which participants estimated their own error on
each trial prior to receiving KR.

The second type of beneficial subjective perfor-
mance estimation involves the estimation of
specific characteristics of some of the movement-
related components of an action. In an experiment
by Liu and Wrisberg (1997) participants practiced
throwing a ball at a target as accurately as possi-
ble with the nonpreferred arm and without vision
of the target. Participants received KR by sceing
where on the target the ball had landed on each
trial. During the KR-delay interval, some of the
participants rated on S-point scales the appropriate-
ness of the force, angle of ball release, and ball tra-
jectory of the throw, and then estimated the throw’s
point value on the target. The results indicated that
these participants performed more accurately on a
retention than those who had not used the estima-
tion strategy.

We find an interesting parallel to the subjective
performance evalunation strategy in what researchers
call the trials-delay procedure. Here, experiment

10-min 24-hr

Tiysical Education, Recreation, and
Dance, 1900 Assoeciation Drive,
Reston, VA 20191.]

participants receive KR for a frial after they com-
plete performance on a later trial. Anderson, Magill,
and Sekiya (1994) reported one of the most recent
experiments providing evidence for the effective-
ness of this effect. Participants practiced making a
blindfolded aiming movement. One group received
KR about distance error after every trial (delay-G). A
second group received KR two trials later (delay—2),
which meant that they were told their error for trial
1 after completing trial 3. Results (figure 15.9) were
that while the delay condition hindered perfor-
mance during practice, it led to better performance
o1 a twenty-four-hour retention test.

Learning processes. What do these different effects
of activity reveal about learning processes that occur
during the KR-delay interval? During this time
interval, the leamer is actively engaged in learning
processes involving activities such as developing
an understanding of the task-instrinsic feedback and

. establishing essential error detection capabilities.

For instructional purposes, the most significant
implication of the effects of activity during the
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KR-detay interval is that people who are practic-
ing a skill can use a beneficial strategy after they
complete the performance of a skill and before
they receive augmented feedback, That is, they
could verbally describe what they think they did
wrong that led to a less than desired performance
oufcome.

The Length of the Post-KR Interval

The significance of the post-KR interval is that it
18 during this period of time that the learner devel-
ops a plan of action for the next trial. This planning
occurs during this interval because the learner now
has available both task-intrinsic feedback and aug-
mented feedback.

It the learner processes critical skill learning
mformation during the post-IKR interval, we would
expect there to be a minimum length for this inter-
val. Although there is not an abundance of research
that has investigated this issue, there is empirical
evidence from many years ago that provided evi-
dence that indeed, this interval can be too short (e.g.,
Weinberg, Guy, & Tupper, 1964; Rogers, 1974;
Gallagher & Thomas, 1980). For optimal learning,
a minimum amount of time is needed for the learner
to engage in the learning processes required. Con-
versely, there is no evidence indicating an optimal
length for the post-KR interval. Research consist-
ently has shown no apparent upper limit for the
length of this interval.

Activity during the Post-KR Interval

The effect of engaging in activity is similar for the
post-KR interval to that for the KR-delay interval.
Depending on the type of activity, activity can have
no effect on learning, interfere with learning, or
benefit learning,

The most common finding has been that activity
during the post-KR interval has no effect on skill
learning. The best example is in an experiment by
Lee and Magill (1983) in which participants prac-
ticed making an arm movement in 1,050 msec.
During each post-KKR interval, one group attempted
the same movement in 1,350 msec, one group
engaged in a cognitive activity involving number

Lab [5b in the Online Leaming Center Lab Man-
ual provides an opportunity for you to experience
the effects on motor skill learning of estimating
your own error during the KR-delay interval dur-
ing practice.

guessing, and a third group did no activity. At the
end of the practice trials, the two activity groups
showed poorer performance than the no-activity
group. However, this was a temporary performance
effect rather than a learning effect: on a no-KR
retention test, the three groups did not differ,

Several researchers have reported results indi-
cating that activity during the post-KR interval hin-
ders learning. Of these, only those by Benedetti and
McCullagh (1987) and Swinnen (1990, experiment
3) included appropriate tests for learning. In both
of these experiments, the interfering activity was a
cognitive activity. Participants in the experiment by
Benedetti and McCullagh engaged in a mathematics
problem-solving task, whereas these in the experi-
ment by Swinnen guessed the movement-time error
of a lever movement the experimenter made during
the post-KR interval.

Only cone experiment (Magill, 1988) has dem-
onstrated that beneficial learning effects can result
from activity in the post-KR interval, Participants
learned a two-component arm movement in which
each component had its own criterion movement
time. During the post-KR interval, one group had
to learn two additional two-component move-
ments, one group had to learn a mirror-tracing task,
and a third group did not engage in activity. Results
showed that the two groups that engaged in activity
during the post-KR interval performed better than
the no-activity group on a transfer test in which
they leamned a new two-component movement.

What do these different effects of activity tell us
about learning processes that occur during the post-
KR interval? They support the view we discussed
earlier that learners engage in important planning
activities during this time period, They use this

planning time to take into account the discrepancy
between the task-intrinsic and the augmented feed-
baclk, to determine how to execute the next attempt
at performing the skill. Much of this planning
seems Lo require cognitive activity; we see this in
the experiments showing that engaging in attention-
demanding cognitive problem-solving activity dur-
ing this interval hinders learning.

FREQUENCY OF PRESENTING
AUGMENTED FEEDBACK

For many years, the view was that augmented feed-
back should be given during or afier every prac-
tice trial (i.e., 100 percent frequency), because
no learning occurred on trials without augmented
feedback. However, beginning with the influen-
tial review and evaluation of the KR literature by
Salmoni, Schmidt, and Walter (1984) and continu-
ing to the present time, this traditional view has
been revised as researchers have provided evidence
that is contrary to predictions of that viewpoint.

The Reduced Frequency Benefit
Sufficient research evidence has now accumu-
lated for us to say confidently that the optimal
frequency for giving augmented feedback is not
104 percent. The most influential evidence to sup-
port this conclusion was an experiment by Winstein
and Schmidt (1990). They had participants practice
producing the complex movement pattern shown
in the top panel of figure 15.10 by moving a lever
on a tabletop to manipulate a cursor on a compu-
ter monitor. During the two days of practice, par-
ticipants received KR after either 100 percent or
50 percent of the trials. For the 50 percent condition,
the experimenters used a fading technigue in which
they systematically reduced the KR frequency; they
provided KR after each of the first twenty-two tri-
als of each day, then had participants perform eight
trials with no KR, then systematically reduced the
frequency from eight to two trials for the remain-
ing eight-trial blocks each day. The results of this
experiment are presented in the bottom panel of
figure 15.10. In a no-KR retention test given one
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Lab 15c¢ in the Online Learning Center Lab Man-
ual provides an opportunity for you to compare
the effects on motor skill learning of different fre-
quencies of receiving KR during practice

day later, the faded 50 percent frequency condi-
tion led to better retention performance than the
100 percent condition produced. In fact, people
who had received KR after every practice trial
showed retention test pexrformance at a level resem-
bling that of their first day of practice.

The Winstein and Schmidt (1990} study has
generated a great deal of research since it was pub-
lished. The research has focused on two predominant
themes: providing additional empirical support for the
reduced frequency benefit, and determining whether
or not an optimal frequency exists to enhance skill
learning. Two interesting conclusions have vesulted
from these research efforts. First, although a reduced
frequency of augmented feedback can benefit motor
skill icarning, it may not benefit the leaming of all
motor skills. Second, an optimal relative frequency
appeats to be specific to the skill being learned.

Theoretical Implications

of the Frequency Effect

The challenge for those interested in developing
motor learning theory is to establish why giving ang-
mented feedback less than 100 percent of the time
during practice is better for skill learning. One pos-
sible reason is that when people receive augmented
feedback after every trial, they eventually experi-
ence an attention-capacity “overload.” After sev-
eral trials, the cumulative effect is that there is more
information available than the person can handle.

A more likely possibility is that giving aug-
mented feedback on every trial leads to engaging
the learner in a fundamentally different type of
learning processing than he or she would experi-
ence if it were not given on every trial, Schmidt
and his colleagues (e.g.. Salmoni, Schmidt, &
Walter, 1984; Winstein & Schmidt, 1990} proposed
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this view, which they called the guidance hypoth-
esis. According to this hypothesis, if the learner
receives augmented feedback on every trial (ie.,
at 100 percent frequency), then it will effectively
“guide” the learner to perform the movement cor-
rectly. However, there is a negative aspect to this
guidance process. By using augmented feedback
- as the guidance source, the learner develops a

)
7/ ?
8 8 10 12 14 18

{12-triad blocks)

08 09 10

FIGURE 15,10 The top panel shows
the goal movement pattern in the
Winstein and Schrnidt experiment, A
sample of one participant’s attempt to
produce this pattern is superimposed,
The RMS error score is showa as the
subject saw it. Note that the goal pattern
lasted for 0.8 see while the participant
produced a 1.0 sec pattern. The bottom
paznel shows the results of this experi-
mment for the 100 percent KR frequency
and 50 percent KR frequency groups,
where the 50 percent group had KR
frequency “faded” from 100 percent to
0 percent. [From Winstein, C. I., & Schmidt,
R. A, (1990). Reduced frequency of knowl-
edge of results enhances motor skill learning.
Journal of Experimental Psychology: Learn-
Imm™ Del ing, Memory and Cognition, 16, 677-691,
Retention Copyright @ 1990 American Psychological
Association. Reprinted by permission. ]

dependency on the availability of augmented feed-
back so that when he or she must perform the skill
without it, performance will be poorer than if aug-
mented feedback were provided. In effect, aug-
mented feedback becomes a crutch for the learner
that is essential for performing the skill.

The hypothesis further proposes that receiving
augmented feedback less frequently during practice

encourages the learner to engage in more beneficial
learning strategies during practice. For example,
active cognitive and movement problem-solving
activities increase during trials with no augmented
feedback. The learner does not become depend-
ent on the availability of augmented feedback and
therefore can perform the skill well, even in its
absence. (For an extensive review of research inves-
tigating the guidance hypothesis and an experiment
that provides support for it, see Maslovat, Brunke,
Chua, & Franks, 2009).

TECHNIQUES THAT REDUCE
AUGMENTED FEEDBACK FREQUENCY

Now that we have established that it is generally
more effective to provide augmented feedback less
frequently than on every practice trial, a question
that remains concerns how to implement ways that
reduce frequency. The fading technique, described
in the previous section, is one useful approach to
reducing frequency. But several other techniques
are effective as well,

Performance-Based Bandwidths

Earlier in this chapter we discussed a strategy for
presenting augmented feedback that involved pro-
viding it only when a person’s performance error
was larger than a predetermined amount. We
referred to this strategy as giving augmented feed-
back according to performance-based bandwidths.
If we relate this bandwidth technique to the aug-
mented feedback frequency issue, we can see how
the bandwidth technique influences the frequency
of presenting augmented feedback.

Lee, White, and Carnahan (1990) were the first
to investigate this relationship. In their experiment
they paired individual participants so that one of
each pair received KR oaly on the trials on which
the other of the pair received KR in 5 percent and
10 percent bandwidth conditions. The reason for
the pairing of participants (a procedure known as
“yoking™)} was to control for the possibility that the
performance-based bandwidth benefit for learning
was due to a redieced KR frequency. Thus, KR fre-
quency was the same for each pair of participants,
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but the KR frequency for the participant in the band-
width condition depended on the 5 and 10 percent
criteria. Results showed that the bandwidth-based
KR conditions led to better retention performance.
The researchers concluded that the performance-
based bandwidth technique reduces augmented
feedback frequency, which is an important reason
why the technique enhances learning.

Two additional experiments will serve as exam-
ples of research that provide support for the learning
benefit derived from the relationship between the
performance-based bandwidth technicque and aug-
mented feedback frequency. Goodwin and Meeuwsen
(1995) compared 0 percent and 10 percent error
bandwidth conditions with those that were system-
atically expanded (0-5-10-15-20 percent) and con-
tracted (20-15-10-5-0 percent) for learning to putt
a golf ball a criterion distance. The two conditions
that resulted in the best retention test performance
showed interesting KR frequencies, The frequencies
for the 10 percent bandwidth condition reduced from
62 percent during the first twenty trials, to between
47 percent and 50 percent on the remaining trials.
For the expanding bandwidth condition, KR fre-
quencies began at 99 percent for the first twenty trials
when the bandwidth was 0 percent, but then eventu-
ally reduced to 19 percent by the end of the practice
trials, as the bandwidths increased in size. Lai and
Shea (1999) reported similar findings for the learn-
ing of a complex spatial-temporal movement pattern.
These results indicate that for the performance-
based bandwidth technique it is the reduction of
KR frequency during practice that is important to
improved learning,

From an instructional perspective, the band-
width technique provides a useful means of

guidance hypothesis  a hypothesis indicating that
the role of augmented feedback in learning is to
guide performance to be correct during practice;
however, if it is provided too frequently, it can cause
the fearner to develop a dependency on its avail-
ability and therefore to perform poorly when it is not
available,
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Parkinson’s disease (PD)} is characterized by basal
ganglia dysfunction. As a result, people with PD have
a compromised proprioceptive feedback system that
often leads to their having difficulty with the timing
control of movements and integrating sensory and
motor information. Because of this deficit, it would
be expected that people with PD would benefit from
KR as an external source of performance informa-
tion to make the types of movement corrections
needed to learn a motor skill that requires precise
timing of an arm movement. An experiment reported
by Guadagnogli, Leis, Van Gemmert, and Stelmaclh
(2002) tested this hypothesis by comparing PD) patients
with normal age-matched individuals on the effect of
different frequencies of KR for lcarning a motor skill.

Participants: Twenty PD patients (avg. age = 65.2
years); Twenty normal age-matched adults

Task: Make an arm-pointing movement as close as
possible to a goal movement time (based on 65 per-
cent of a participant’s maximum speed). The move-
ment began at a home position on a tabletop in front
of the participant and moved to a farget located behind
a barrier that required the arm to initially move to the
right to avoid the barrier and then to the left to the
target. The minimum distance possible was 39 cm.

Practice and test: Sixty practice trials followed by 10
min of general conversation (ie., a “filled” retention
interval) followed by a fifteen-trial no-KR retention test.

KR conditions: KR was displayed on a computer
monitor as the percentage too fast or too slow of the

When Reduced Frequency of KR is Not Beneficial: Learning with Proprioception Deficits

goal movement time (presented on a computer moni-
tor); for example, if goal movement time was 2,000
msee, and movemeni was 2,400 msec, KR was dis-
played as “20% too fast.”

One-half of PD patients and control participants
received KR on

+ 108 percent of the practice trials

+ 20 percent of the practice trials

Results:

End of practice: Absolute ervor (AE) and variable
etror {VI) scores did not differ between the two KR
frequencies, although the PD patients had higher
amounts of error than the conirols,

No-KR retention fest: The PD patients with 20 percent
KR frequency during practice had higher AE and VE
scores than those with 100 percent KR frequency.
The control participants with 100 percent KR fie-
gucncy during practice had higher AE and VE scores
than those with 20 percent KR frequency.

Conclusion: Consistent with research with healthy
adults, KR presented on 100 percent of the practice
trials led te poorer learning of the arm movement skill
than when KR was presented on only 20 percent of the
practice. However, the opposite result was found for
the PD patients. As hypothesized, to learn the move-
ment timing skill, the PD patients depended on KR
during practice as an external source of information
to provide movement time feedback that they could
not interpret through their own proprioceptive feed-
hack system or integrate with the motor system.,

individualizing the systematic reduction of the fre-
quency of augmented feedback in practice situations.
The bandwidth technique gives the practitioner a
specific guideline for when to provide augmented
feedback that encourages the learner to engage
in important learning strategies. And because the
bandwidth is related to individual performance, the
learmner can engage in these strategies at his or her
own rate.

Self-Selected Frequency

Another technique that bases the frequency of aug-
mented feedback on the individual involves the
learner receiving augmented feedback only when he
or she asks for it. The learning benefits derived from
this approach appear to result from the learner par-
ticipating more actively in determining characteris-
tics of the practice conditions by self-regulating the
presentation of augmented feedback. An experiment

by Janelle, Kim, and Singer (1995) provided initial
evidence that this strategy can enhance the learning
of motor skills. College students practiced an under-
hand golf ball toss to a target on the ground. The
students received KP about ball force, ball loft, and
arm swing during practice. Compared to groups that
veceived KD according to experimenter-determined
frequencies (all of which received it less frequently
than on every trial), the participants who controlled
KP frequency themselves performed more accu-
rately on the retenfion test.

Janelle substantiated and extended these results
ina later study in which videotape replay was
a source of augmented feedback in addition to
verbal KP (Janelle, Barba, Frehlich, Tennant, &
Causaugh, 1997). Participants in the self-regulated
group controlled the augmented feedback schedule
by requesting KP at will during 200 practice tri-
als. An important characteristic of this experiment
was that individual participants in another group
were paired (i.e., yoked) to participants in the self-
regulated condition to receive KP on the same tri-
als, but without requesting it. The importance of
this yoked condition was to control for the possibil-
ity that the effect of self-regulation of augmented
feedback is due only to reduced frequency. Results
showed that participants i the self-regulated con-
dition leamed the throwing accuracy task with
more accuracy and better throwing technique than
participants in the other KP and yoked conditions.

In terms of augmented feedback frequency, it
is interesting to note that participants in the sell-
controlled condition requested KP* on only 7 per-
cent of the practice trials in the Janelle et al. (1995)
experiment, and on only 11 percent in the Janelle
et al. (1997) experiment. These low frequencies
indicate that there is some relationship between
the self-controlied procedure and the reduced rela-
tive frequency of augmented feedback. However,
because people in the self-controlled conditions
in both experiments performed better on retention
tests than those in the frequency-yoked conditions,
the benefit of the self-controlled situation is more
than a simple frequency effect,

Why do beginners ask for feedback from an
instructor? An experiment by Chiviakowsky and
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Wulf (2002) asked this question to participants in
an experiment involving the learning of a sequen-
tial timing task. Each participant was asked on a
questionnaire, “When/why did you ask for feed-
back?” Two-thirds of the participants answered that
it was after what they considered to be a good trial
(i.e., a trial during which they thought their perfor-
mance was relatively successful). None indicated they
asked for feedback after what they thought was a
bad ftrial. Similar findings have been reported by
these tesearchers in two additional experiments
(Chiviakowsky & Wulf, 2005, 2007).

Research showing that leaming is enhanced
when learners can select when they want aug-
mented feedback, and the fact that this selection
typically occurs after trials that are thought to be
relatively successful, provides interesting insight
into the role of augmented feedback in skill leamn-
ing. In general these results indicate the importance
of augmented feedback as a source of information
to confirm a learnes’s subjective evaluation of his
or her performance. Two peints are especially rel-
evant from these findings. First, the use of aug-
mented feedback in this way allows beginners to
engage in their own problem-solving strategies as
they learn the skill. Second, these results provide
excellent evidence that learners use aungmented
feedback as a source of motivation to continue
to practice. When they perform a relatively suc-
cessful trial they ask for augmented feedback to
reinforce their own subjective evaluation of their
performance, which encourages them to continue
to practice the skill, (For a more in-depth discus-
sion of why receiving augmented feedback after
good trials benefits learning, see Chiviakowsky &
Wulf, 2007).

Summary and Averaged Augmented Feedback
Another way to reduce the frequency of aug-
mented feedback presentations is to give a listing
of performance-related information after a certain
number of practice trials. This technique, which is
known as summary augmented feedback, reduces
the presentation frequency of augmented feedback
while providing the same amount of information as
if it were given after every trial.



Jo4 UNITV & INSTRUCTION AND AUGMENTED FEEDBACK

100

Absolute constant error (msec)

[ Sum 1
B Sums
@ Sum 10
O Sum 15

FIGURE 15.11 Results of the experi-
ment by Schmidt et al., showing the
effects of learning a timing movement
with different summary KR conditions.
(Sum 1= KR after cvery trial; Sum 5=
KR for five trials prescated evety five
trials, etc.) [From Schmidt, R, A., ef al.,
(1989). Summary knowledge of results for
skill acquisition: support for the guidance
hypothesis. Journal of Experimental Psy-
chology: Learning, Memory and Cognifion.
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The summary technique could be advanta-
geous in several types of skill learning situations.
For example, suppose that a therapy patient must
do a series of ten leg extensions in relatively rapid
succession. To give augmented feedback after
every extension may not be possible, if time lim-
its restrict access to performance information after
each attempt. A summary of all ten attempts could
help overcome this limitation. Or suppose that a
person is practicing a shooting skill for which he
or she cannot see the target because of the distance
involved. Efficiency of practice could be increased
if that person did not receive augmented feedback
after each shot, but received information about
cach shot after every ten shots.

The first study to generate a great deal of interest
in the summary technique was a laboratory-based
experiment by Schmidt, Young, Swinnen, and
Shapiro (1989). The task involved moving a lever
along a trackway to achieve a goal movement time.
During the practice trials, participants received KR
after every trial or in summary form after five, ten,
or fifteen trials. The resuits of this experiment (see
figure 15.11) showed very little difference between
the conditions during practice and on a retention test

15, 352-359. Copyright © 1989 American
Psychological Assaciation. Reprinted by
permission.]

Imm
Retention

given ten minutes after practice. But on a retention

test two days later, the group that had received KR
after every trial performed the worst, whereas the
group that had received summary KR after every
fifteen trials performed the best.

In an experiment involving the learning of tar-
get shooting with rifles, Boyce (1991) provided one
group with KP after every shot, and another group
with KP about every shot after each fifth shot. The
results showed no difference in eventual shooting
performance by these groups. Although the sum-
mary method did not yield better performance than
the method giving KP after every shot, its effective-
ness as an instructional technique was established,
because it was just as effective for improving per-
formance as the other method.

Numerous studies have provided evidence
supporting the benefit of the summary technique
for motor skill leamning (e.g., Schmidt, Lange, &
Young, 1990; Wright, Snowden, & Willoughby,
1990; Guay, Salmoni, & Lajoie, 1999; Herbert,
Heiss, & Basso, 2008). However, a very practical
question remains to be answered: What is the opti-
mal number of performance attempts, or practice
trials, to include in a summary augmented feedback

statement? Although there have been several
attempts to determine whether a specific number
of trials is optimal, the results have been equivocal.
Two answers appear reasonable at the present time
on the basis of results of research that has investi-
gated this question.

First, Sidaway, Moore, and Schoenfelder-Zohdi
(1991) concluded that the positive effects of the
summary technigue are not due to the number of tri-
als summarized, and stated that their results argue
against the notion of an “optimal summary length,”
Instead, they argued that the summary effect is
related either to the reduced frequency of presenting
augmented feedback or to the frials delay involved
in presenting augmented feedback using the sum-
mary technique (note that the summary technique
has characteristics similar to the trials-delay proce-
dure, which we discussed earlier in this chapter).

An alternative answer is one we have seen related
to many of the issues discussed in this book. The
“optiniai” summary length may be specific to the
skill being learned. Guadagnoli, Dormnier, and Tandy
(1996) provided evidence for this possibility by
showing that longer summaries are better for the
learning of simple skills, whereas shorter summaries
lead to better learning of more complex skills.

One of the possible strategies people may use
when presented with a listing of augmented feed-
back is to estimate an average for the series of trials
that the summary includes. The research literature
provides some evidence that this may occur. In
experiments in which the learner receives the aver-
age score for all the trials in a series, the results
have shown that this procedure leads to better
learning than presenting augmented feedback after
every trial (Young & Schmidt, 1992), and no better
or worse than after every trial or after every third
trial (Wulf & Schmidt, 1996). But when compared
to the summary technique, no differences are found
in terms of their influence on skill learning (Guay,
Salmoni, & Lajoie, 1999; Weeks & Sherwood,
1994; Yao, Fischman, & Wang, 1994).

Finally, why are these two feedback presentation
methods effective? Their effectiveness is undoubt-
edly due fo the same factors that lead to the ben-
efit of reducing augmented feedback frequency,
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as explained by the guidance hypothesis, During
practice trials on which they receive no augmented
feedback, people engage in beneficial learning
activities that are not characteristic of people who
receive augmented feedback after every trial.

» Augmented feedback is performance-related
feedback that is provided by an external source;
it adds to or enhances fask-instrinsic feedback,
which is performance-related feedback directly
available to the sensory system during the per-
formance of a skill.

» Two types of augmented feedback are distin-
guished on the basis of the aspect of a skill per-
formance to which the information refers:

» Knowledge of results (KR) refers to the per-
formance of a skill,

» Knowledge of performance (KP) refers to the
movement-related characteristics associated
with the outcome of the performance of a skill.

« Augmented feedback plays two roles in the skill
learning process:

» To facilitate achievement of the action goal of
the skiil.

» To motivate the learner to continue to strive
toward the achievement of a goal.
+ The need for augmented feedbaclk for skill learn-
ing can be described in four different ways:
» It can be essential for skill learning.
» It may not be essential for skill learning.

» It can enhance skill learning beyond what is
possible without it.

» It can hinder skill learning.

Augmented feedback content issues include the

following:

» Should the information conveyed to the
learner refer to the errors made or to those
aspects of the performance that were correct?
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» Should the augmented feedback be KR or KP?

» Should the augmented feedback be quantita-
tive or qualitative?

» Should the augmented feedback be based on
the size of the error(s) and/or number of errors?

» What is the effect of erroneous augmented
feedback on skill learning?

KP can be presented to the learner in several dif-

ferent forms:

» Verbal KP, which can provide either descrip-
tive or prescriptive information.

» Video replays of skill performances.

» Movement kinematics associated with a per-
formance of a skill.

» Biofeedback.
In addition to giving augmented feedback after

a person has completed a trial, or after the per-
formance of a skill (i.e., terminal augmented

Jfeedback), it can be presented during the per-
formance (i.e., concurren! augmented feedback).

Concurrent augmented feedback can have nega-
tive and positive effects on skill learning.

Two intervals of time associated with terminal
augmented feedback are the KR-delay interval
and the post-KR interval. Both require a mini-
mum length of time, although a maximum length
has not been determined. Engaging in activity
during these intervals can hinder, benefit, or have
no effect on skill learning.

Research indicates that the optimal frequency for
giving augmented feedback is less than on every
practice trial. The guidance hypothesis represents
the most commonly held view for explaining the
learning benefit of a reduced frequency.

Several techniques will reduce augmented feed-
back frequency:

» Performance-based bandwidths.

» Performer-selected frequency.

» Summary and averaged augmented feedback.
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Evaluate the need for XR or KP in any skill
instruction situation in terms of the type of aug-
mented feedback that would most effectively
facilitate learning the skill.

More specific or technologically sophisticated
augmented feedback is not necessarily better.
Beginners need feedback that will help them
make a “ballpark” approximation of the move-
ments they need to make to achieve the action
goal.

Augmented feedback that is a combination of
ertor-correction jnformation and information
about what was done correctly can be helpful for
skill acquisition and motivation to continue to try
to achieve the action goal of the skill.

Determine the verbal KP to give according to the
most eritical error made during a practice attempt,
Identify this error on the basis of an analysis of
the skill’s component parts and a prioritized list
of the importance of each part for achieving the
action goal.

Prescriptive verbal KP is better than descriptive
verbal KP for beginners.

Video replays can be effective as augmented
feedbacl for beginners when you point out errors
and provide information about how to correct
them. The decision to provide this type of infor-
mation for more skilled individuals can be based
on the individual’s choice.

Computer-generated displays of the kinemat-
ics of a skill performance will be more effective
for learners who are at a more advanced stage of
learning than a beginner.

Biofeedback can be effective to facilitate skill
learning when it provides information people
can use to alter movements and when they do not
become dependent on its availability.

Do not feel compelled to give augmented feed-
back after every practice attempt. When you
do not give augmented feedback, you provide

opportunities for people to determine what their
own sensory feedback tells them about perform-
ing the skill they are learning,

* The performance-bandwidth strategy of provid-
ing augmented feedback can be especially useful
when instructing groups of individuals where it
is difficult to interact with each person individu-
ally on every performance attempt,

+ Allow people you are working with to determine
when they would like to receive KR or XP.

* On occasion, ask the people you are working
with to tell you what movement errors they made
and how they should correct them before you
give them this information,
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* To read a summary of the development and use
of a training system, which involves a virtual
environment and augmented feedback, designed
to assist in the physical rehabilitation of people
with neurological impairments, go to hitp://web.
mit. edu/bes/bizzilab/members/holden/, Included
on this page is a list of articles the researcher has
published concerning the training system.

To read about other projects in this laboratory at
M.LT., go to hitp://web.mit.edu/bes/bizzilab/.
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- (a) Describe the two general types of perfor-
mance-related feedback a person can receive
during or after performing a motor skifl., In
your description, indicate the characteristic
that differentiates the two. (b) Discuss why the
distinction between these two types of feed-
back is important.

. What are the two types of information referred
to by the terms KR and KP? Give two exam-
ples of each.

. Describe skill learning conditions where aug-
mented feedback would (a) be necessary for
learning, (b) not be necessary for learning, and
{c) not be necessary for learning but would
enhance learning beyond what would occur
without if.

. (a) How do quantitative and qualitative aug-
mented feedback differ, and how do they influ-
ence the learning of motor skills? (b) Describe
how you would use these two forms of aug-
mented feedback in a motor skill learning
situation.

. Describe a situation in which you would use
video replay as a form of augmented feed-
back to (a) help a beginner learn a new skill,
(b) belp a skilled person correct a performance
problem. Indicate why the video replay would

facilitate learning for each situation.

6. Describe a situation in which you would use

10.

L1

kinematic information as augmented feedback
to help someone learn a motor skill and explain
why you would use it.

- Describe a skill learning situation in which you

would use some form of biofeedback. Indicate
how you would use it, and why you would
expect it to facilitate the learning of the skill.

. What is the difference between concurrent

and terminal augmented feedback? Give two
examples of each.

. (a) What are two types of activity during the KR-

delay interval that have been shown to benefit
skill learning? (b) Why does this benefit occur?

(a) What seems to be the most appropriate con-
clusion to draw regarding the frequency with
which an instructor should give augmented
feedback during learning? (b) How does the
guidance hypothesis relate to the issue of aug-
mented feedback frequency?

Describe a skill learning situation in which
(a) giving summary augmented feedback
would be a beneficial technique, (b) using
the self-selected frequency strategy would be
beneficial.

: Speclﬁc Apphcatlon Problem.

Select a motor skill that you mlght teach in y0u1

- future prof‘essxon Your ‘supervisor has asked
- you to develop and defend a plan for providing

augmented feedback for this skill for the people

_ you will work with, In your plaii, describe the

skilk you will teach and relevant charscteristics
of the people you will teach: In your defense of

“this plan, empha31ze why the type of augmented

feedback you will Use and how you will deliver
it would be preferable to other types and uses of

- augmented feedback. -
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