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ABSTRACT

This research examined three components of precision teaching; charting, timed
practices, and performance aims. In the first study beginner skaters performed two roller
skating skills, forward crosses and back scissors, with the aim of increasing fluency in
these skills using precision teaching methods. Skaters were told to perform the skills as
fast as they could during 1-min practises, aiming at a set performance aim, or goal. After
each timing skaters were told how many repetitions they had performed. One group
charted back scissors only and the other forward crosses only. The skaters became faster
in both skills and charting did not produce faster rates. The improvement seen may have
been a direct result of the performance aims. Therefore the second study, using back
crosses, compared a fixed, difficult performance aim (complete 50 per minute) for one
group and an easier, flexible performance aim (beat your previous sessions’ high score)
for a second group. After each timing skaters were told how many back crosses they had
performed. Performance rates increased similarly for both groups, thus the different
performance aims did not have different effects, contrary to the goal-setting literature. A
third study investigated this further. Skaters performed forward crosses and back scissors
during a baseline condition, where there were no performance aims or feedback.
Increases in performance rates for both skills occurred. In a second condition, a
performance aim higher than their number of repetitions in the previous condition was set
and feedback was given for one skill only. There was an immediate increase in rate of the
targeted skill for 3 of the 4 skaters, suggesting that the goal, when given with feedback,
influenced the rate at which the skaters performed the skill. In the fourth study, where the
effect of feedback and practice was examined more closely, soccer players dribbled a ball
in and out of cones. As expected those who took part in eight to ten sessions that were
told to do their best (an easy goal) and not given feedback performed this skill faster than
those who completed only two sessions with the same conditions. Unexpectedly, they
also performed faster than those set a performance aim of beating their previous highest
score (a hard goal) and who were given feedback. Methodological issues that may have
been responsible for this latter result were addressed in the fifth study. Skaters

completing 10 sessions of forward crosses, with feedback and with a performance aim of



completing 60 repetitions in one minute (a hard goal), became faster than skaters
completing 10 sessions without feedback who were told to do their best. Skaters told to
do their best, who completed only three sessions without feedback, did not get faster.
These results support those in the goal-setting literature that, hard goals with feedback
have more effect than being told to do your best. Overall these studies show that short,
timed practices and hard performance aims, or goals, may be effective components of
precision teaching while visual feedback from charting may not. Further, precision
teaching methods were effective when applied to sporting skills such as those used by

roller skaters and soccer players for building fluency of basic skills.
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To demonstrate that a skill has been learnt the first requirement is to be able to
perform the skill accurately. This is true both for academic skills, such as
arithmetic and writing, and performance skills, such as playing a musical
instrument or playing a sport. However, being able to do a task accurately is only
one aspect of performance, to be considered skilled in performing a task (i.e., an

expert) also requires that the task be performed fluently.

Accuracy vs. fluency

While accuracy means performing correctly, fluency means performing
the skill quickly and easily. Thus fluency has been defined as fast, accurate
performance (Binder, 1987; Le-Grice, Mabin, & Graham, 1999) and this is the
definition used here. Fluent performance may be important if the skill needs to be
performed at speed, amidst distractions, or in novel settings. It has also been
suggested (Johnson & Layng, 1992; Kuhn & Stahl, 2003; Le-Grice et al., 1999)
that fluency in component skills, i.e. skills which can be used together to perform
more complex skills or tasks, is necessary if a learner is to concentrate on
performing a new task using those components. Dougherty and Johnston (1996)
suggest that if attention is needed to carry out the smaller components of a task,
the task itself becomes more difficult to perform. Fluent performance then, is seen
as accurate performance at a high rate.

While rate of accurate performance is perhaps the most common overall
measure of fluency (West, Young, & Spooner, 1990), Howell and Lorson-Howell
(1990) have suggested two ways that the degree of fluency could be measured and
each reflects the rate at which a skill is being performed. The first is latency,
defined as the time between when a task is set and the start of the task or skill
being performed. Howell and Lorson-Howell suggest, for example, that starting
to write the letter “a” may happen sooner once the child recognises the letter “a”
and can verbally report it. Binder (1993) has suggested that these shorter response
latencies are a direct measure of fluency, i.e., as the skill is started more promptly,
performance is said to be more fluent.

Duration, or the time it takes to perform the skill, is the second measure of
fluency suggested by Howell and Lorson-Howell (1990). When the time it takes
to perform the skill decreases, the performance is said to become more fluent.

Keyboard skills on the computer are likely to take less time once they can be



performed fluently. At some point maximum fluency will be reached as
physiological constraints act upon the performance of the skill. For example, at
some point it becomes physically impossible to type faster on a keyboard.

Johnson and Layng (1996) have suggested that fluent performance of a
skill may lead to outcomes such as retention, stability, application, and endurance.
Oddsson (1998) defines retention as skills being maintained over time and
stability as a learner’s ability to perform a skill in the face of distraction.
Application means that when certain cues occur, indicating that a certain skill
should be utilised, the correct skill is performed even when cues occur within a
complex task (Kubina, 2005). Endurance is a product of the skill being performed
easily once it becomes fluent. A skill that is easily performed is one that can be
repeated over longer periods of time before the performer becomes fatigued
(Kubina & Morrison, 2000).

Doughty, Chase and O’Shields (2004) have reviewed the research showing
that fluency-building methods lead to these outcomes. They report that there is no
clear evidence to support a link between fluency and these outcomes. However,
Kubina (2005) argues that Doughty et al. “misrepresented and misclassified some
of the fluency outcome studies” (p.75). Regardless of whether these outcomes
occur, fluency can be advantageous if the quality of performance is dependent on

accuracy and speed.

Overlearning, fluency and automaticity

Dougherty and Johnstone (1996) have suggested that fluency is similar to
overlearning and automaticity. They say overlearning occurs once 100% accuracy
has been achieved. How much overlearning has occurred is measured by the rate
of accurate performance, i.e., higher rates of accurate performance signify a
greater level of overlearning. Automaticity, a term that occurs more frequently in
the literature than overlearning, refers specifically to skills that can be executed
without conscious attention (Howell & Lorson-Howell, 1990). Dougherty and
Johnstone (1996) have suggested two characteristics of automaticity. Firstly, that
conscious attention interferes with the execution of the automatic behaviour or
skill. Secondly, that it is possible to engage in other behaviour that requires our
attention while also performing the automatic behaviour or skill.



While Dougherty and Johnstone (1996) suggest similarities between
overlearning, automaticity and fluency, the overlearning and automaticity
literatures are quite separate from the fluency literature. This division is a result of
different theories which are used to explain the acquisition of each of these
outcomes (see Speelman & Mayberry, 1998). Theories aside, automaticity and
overlearning fit the definition of fluency used here (i.e., fast, accurate behaviour)
and it may be that fluency of performance is equivalent to both automaticity and
overlearning.

One area where fluency may be important is in education where students
are learning skills that they will use repeatedly over their lifetime. Spence and
Hively (1993), however, state that teachers seldom take learning to a level of
fluency. They point out that when fluency is not reached in component skills,
other skills that rely on those component skills are affected and cannot become
fluent until those initial component skills are learnt. As such, both Johnson (1997)
and Spence and Hively (1993) conclude that fluency of component skills should
be an important part of education. Spence and Hively (1993) identify Ben Bronz
Academy, a school for learning-disabled students, as a school which utilises
fluency-building programmes. Areas that Ben Bronz Academy focus on include
mathematics, done on the computer, and reading. Johnson (1997) reports that
Morningside Academy is another institution claiming gains in reading, language
and maths for its students as a direct result of focusing on fluency. Both Johnson
(1997) and Spence and Hively (1993) report more than two years academic gain
per academic year at these schools and report that these claims are supported by
data from standardised testing spanning a number of years.

One common factor in fluency-building programmes, such as those
offered by the Ben Bronz Academy and the Morningside Academy, is repetitive
practice of basic tasks or skills. Even at higher levels of education, i.e.,
universities, this type of instruction may still be beneficial. The Centre for
Individualized Instruction teaches university students to high levels of fluent,
accurate performance in basic skills to enable students to “think fluently” in their
subject area (McDade & Goggans, 1993). McDade and Goggans report that
approximately 85% of students who follow this program of instruction go on to
pass courses which use the skills the students have learnt to fluency. However, no



statistics are given indicating the pass rate of other students enrolled in the same

courses and as a result no conclusion seems possible.

Precision teaching

One teaching method designed to promote fluency is precision teaching.
Originally designed by Lindsley (1971), precision teaching is incorporated in
programmes run by the above institutions. Research has shown that performance
becomes more fluent than it would have otherwise when precision teaching is
used (Johnson, 1997; Spence & Hively, 1993).

A number of authors suggest that precision teaching is based on the
learning principles of B.F. Skinner (Binder & Watkins, 1990; Lindsley, 1971,
1990; West et al., 1990). Lindsley (1971) says that these principles include
selecting behaviour that is observable, using rate as a measure of performance,
measuring behaviour at every session, and charting results meaningfully.
Lindsley emphasises the use of rate as a measure. He points out that Skinner’s
research has determined that rate of performance provides a measure of the
temporal dimension of behaviour, a more useful measure of learning than
accuracy alone.

Johnson and Layng (1996) suggest another important principle derived
from Skinner’s research is the use of free-operant responding, i.e., in using
precision teaching methods the teacher or experimenter should not be limiting the
rate of behaviour in any way. This allows the student to show the fastest rate at
which they can perform. Oddsson (1998) investigated free-operant responding
using three groups of college students to compare the effectiveness of three
computerized training methods. In one method, 50 tasks were presented at once
on the computer screen. The remaining two methods involved a series of tasks
being presented one at a time with Os and 1.5s interval between each presentation.
The data showed that subjects reached a pre-determined level of fluency sooner,
and with less practice, when all tasks were presented at once allowing free-operant
responding to occur.

A major aspect of the precision teaching procedure is the repetition of
skills, or behaviour, within timed periods. The rate at which skills are performed
is used to measure change over sessions and is recorded on a chart (Lindsley,
1971). Binder (1993) reports that he and Haughton, both early contributors to



precision teaching methods, were the first to initiate short periods of skill practice,
typically of 1-min duration, to allow practice to be done several times a day. They
measured the rate of both correct and incorrect responses and used this
information to make changes in the teaching procedures they were using. They
found that there was a relation between the rate at which a skill was performed
during the timed period and the students’ ability to complete new tasks that relied
on performance of that skill (Binder, 1993). These short practice periods have
now been adopted as part of the methodology of precision teaching as it has been
found that students reach higher levels of performance faster by keeping to shorter
timed periods of around 1 minute, at least initially (Binder, 1996; Binder,
Haughton, & Van Eyk, 1990; Lindsley, 1996).

Fluency is determined, when using precision teaching methods, by
performance aims or standards (Kubina, 2005). These performance aims, which
are also referred to as fluency aims, serve as “an indicator of a skilled, well-
practiced performance” (Kubina, 2005, p.75). That is, when performance aims
have been reached it is assumed that the individual is now performing fluently and
is ready to learn a new skill. Binder (1996) reports that when these performance
aims are reached, outcomes such as retention, endurance, and application are
observed.

The timed periods of precision teaching have been used in the absence of
performance aims to assess instructional methods (Howell & Lorson-Howell,
1990; Peterson et al., 1990; White, 1986). Because precision teaching involves
charting data on a daily basis, over time a data line is created which allows
teachers to see clearly what behaviour change is taking place for any particular
instructional method. For example, Lovitt et al. (1990) reported that when using
precision teaching to assess three instructional methods, the data generated by
short test periods and subsequent charting, clearly showed performance
differences between both pupils and teachers on all three instructional methods.

Other authors Binder, 1996; Binder et al., 1990; Brandstetter & Merz,
1978, Johnson, 1971, Kessissoglou & Farrell, 1995; Lindsley, 1990) have
suggested that precision teaching is a tool that enables other teaching methods to
be more effective so that learning is further improved. For example, one teaching
method commonly used with precision teaching is Direct Instruction (McDade &

Goggans, 1993). Direct Instruction is a method where instructional content is



systematically analysed and then structured into small units of content which is
then taught to students (Johnson, 1997). Precision teaching is often combined with
direct instruction to enable students to perform tasks which have been taught in
each unit of content quickly. Precision teaching has also been combined with
computer assisted instruction ((McDade & Goggans, 1993) and SAFMEDS, a
flashcard instructional method (Lindsley, 1996). Precision teaching techniques are
used with these instructional methods to enable measurement of rate and to chart
progress, as well as to build fluency.

Overall, then, while some authors see precision teaching simply as a
measurement tool, other authors have demonstrated that precision teaching can be
used to increase the speed and accuracy with which a skill is performed, i.e.,
increase fluency. However, there are a number of components within the precision
teaching method such as charting, short timed practice periods, and repetition of
skills and there is no research which makes it clear whether all, or any, of the
components contribute to the increased fluency seen after precision teaching has
been used. The first aim of this current research, then, was to specifically separate
out components of precision teaching to determine whether they contribute to
building fluency.

Precision teaching has mainly been used in education and with academic
skills (Chiesa & Robertson, 2000; Kessissoglou & Farrell, 1995, Lindsley, 1990,
19923, 1992b). Academic skills involve knowledge of a subject, e.g., maths,
languages and science. Baum (1994) refers to such skills as declarative knowledge
or ‘knowing that’. Individuals generally demonstrate their declarative knowledge
of a subject through their verbal behaviour, e.g., a person may demonstrate their
knowledge of mathematical basic facts by answering math problems correctly.
They may demonstrate their fluency by answering a number of these problems
within a set time period or by answering each question quickly (with a short
latency). Precision teaching has been shown to be a way of producing fluent
performance on such skill. Other skills such as motor skills, e.g., handwriting or
swimming, involve the individual being able to perform the skill. Baum refers to
being able to do something as procedural knowledge or ‘knowing how’.
Procedural knowledge is demonstrated by doing the behaviour. For example, an
individual is said to know how to swim when we see them swimming (Baum,

1994). Thus, both procedural and declarative knowledge are demonstrated by the



individual performing a measurable behaviour. The difference is that in one case
the behaviour is verbal. However, even the verbal responses to questions could be
taken to show the individual knows how. In fact, Ryle (1949) argues that all cases
of declarative knowledge are simply complex cases of procedural knowledge.
Thus even though some distinctions can be made between academic and other
skills — all involve knowing how. There appears to be no reason why precision
teaching cannot be used much more widely than in the academic area. Johnson
and Layng (1996) report that precision teaching has been used in therapy,
business and industry as well in teaching people with developmental delay a range
of skills including motor skills, e.g., dressing.

Most sports require fluent performance of motor skills and many sporting
activities contain compound skills that are reliant on a range of motor skills that
may be amenable to precision teaching methods. There does not appear to be any
published research that has used precision teaching with sporting skills. One
further aim of this present research was to determine whether fluency building
methods, similar to those used in precision teaching, can be effectively applied to
sporting skills. Roller skating was the sport used initially, because it is has skills
that can be broken down into separate component skills, which in turn can be

readily observed and measured by others.

EXPERIMENT 1

A review of the literature has shown that, although a large amount of
research demonstrates precision teaching’s effectiveness, there is a lack of
research showing what components of precision teaching are directly responsible
for bringing about fluency. Therefore an aim of this experiment was to single out
one component of precision teaching to measure its effectiveness. One component
of precision teaching is the use of daily charts to show progress. Many authors
have stressed that these daily charts showing the rate of progress are essential in
precision teaching (Galloway & Galloway, 1971; Johnson & Layng, 1996;
Raybould & Solity, 1982; West et al., 1990; White, 1986). Ogden Lindsley, Eric
Haughton, and other graduate students of Lindsley’s, developed the semi-
logarithmic chart, shown in Figure 1, for use in precision teaching. Such charts are
commonly referred to as standard celeration charts, because they chart both

accelerations and decelerations. Behaviour frequencies span the range of one



response per 24 hours to 1,000 responses per minute. Lindsley (1990) argues that
learning should markedly change frequency of behaviour and that resulting data
should be multiplicative, resulting in a linear plot on the charts. In fact he suggests
that teachers should aim to, at least, double the frequency of a behaviour each
week, regardless of the starting frequency. An increase of 10 behaviours to 20
behaviours per minute is seen as equivalent to an increase of 100 behaviours to
200 behaviours per minute. Thousands of these behaviour charts that have been
used in numerous projects are stored in “The Behaviour bank” (Koenig, 1971)

demonstrating their wide use.

Figure 1. Example of a celeration chart designed by Ogden Lindsley.

Lindsley (1971) suggests these standard celeration charts may serve
several different functions. For example, upon viewing celeration charts,
practitioners and teachers often change their teaching programme in an attempt to
accelerate target behaviour. In these cases, any changes in the rate of
performance, as a result of a change in teaching programme, are attributable to
that new teaching programme, and not to the use of the celeration chart.



However, Lindsley (1990) reports that many teachers who have used charting
state that charting alone accelerates academic performance. Binder and Watkins
(1990) report that over time “learning pictures” are created on each celeration
chart as more data are added, giving students and teachers a clear picture of
improvements and plateaus. Johnson and Layng (1992) suggest this makes it easy
for students and/or teachers to make quick, daily decisions about progress which
would not have been made in the absence of charting. They further suggest that
students become their own fluency coaches because they are improving their
performance through daily practice, self-monitoring via the chart, decision
making based on the chart, and self-correction. It is also possible that charts are
used by both students and teachers as a basis for discussion and making decisions
on future learning strategies (Binder, 2001).

Yawkey and O’Meara (1974) found that when a teacher used celeration
charts with children, the children’s mathematical performances were better than
those of other students not using celeration charts. In their study all children were
tested on single and double digit addition problems for a minute each day. In both
of two conditions, children graphed the number correct onto vertical bar graphs.
In one condition the experimenter then also graphed their performances on
celeration charts. During this same condition the teacher analysed the celeration
chart, discussed learning opportunities with the child and suggested additional
work that the child could do to improve their responding. The celeration charting
combined with the teacher feedback increased performance. It is not clear how
much the viewing of progress on a celeration chart alone contributed to the
increased performance or if additional social reinforcement occurred for those
students who had their progress charted.

Alper and White (1971) suggest that charts alone may alter behaviour
through the visual feedback that they provide. They propose that once data have
been plotted onto a graph, the plot may indicate to the learner what progress is
being made and that this in turn may function to aid behaviour change. Johnson
(1971) reports a student being “motivated” by the charting process because it
“showed her that she was learning”(p.110). Based on his claims, Ayers, Potter,
and McDearmon (1975) used charting with four adults with aphasia and reported
that the charting “motivated” the participants in the study. This study produced

changes in their specified language behaviours. Unfortunately “motivation” is an
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abstract term that was not quantified in this study and there were no participants
who did not use charting with whom to make comparisons and so it is not
possible to conclude how much charting itself changed the behaviour of the
participants.

In another study, Brandstetter and Merz (1978) report that charting
resulted in increased reading rates for 4™ graders. They argue that their results
confirm what Lindsley (1990) and earlier researchers have said about charting
being an essential part of precision teaching. Their data suggest, however, that
semi-logarithmic celeration charts were not as effective as non-logarithmic charts
as there was no significant effect of celeration charts compared to no charting. In
comparison, the data indicated that non-logarithmic charts did have an effect.
Unfortunately, the two sample groups used differed greatly from each other in
that each group of students was at a different stage of learning and so this may
have impacted on the results found. Thus true comparison between semi-
logarithmic, non-logarithmic and no charting conditions is not possible.

In summary then, research in the area of charting appears to be limited.
While many authors suggest that charting is an essential part of precision
teaching (Lindsley, 1971; Raybould & Solity, 1982; West et al., 1990, White,
1986), there is not a large amount of research to validate this. Some of these
authors report that their research demonstrates the importance of charting,
however, nobody has looked into why charting may be effective. One possibility,
suggested by Alper and White (1971), is that visual feedback, which charting
provides, may contribute to the effectiveness of precision teaching. The main aim
of this first study was to explore the effectiveness of charting by comparing the
performances of beginner skaters using precision teaching methods both with and
without the component of charting. All skaters using precision teaching methods
learnt one of two skills. The two selected skills, forward crosses and back scissors
which are defined below, were chosen because they are essential for more
difficult skills, i.e., they are components of other skating skills that are taught
both in and from the beginner classes. They are also discrete skills that are
initially difficult to perform and are easily observable.

A precision teaching procedure often involves additional teaching
programme changes being implemented when a student’s rate of performance

plateaus or regresses. However, to avoid effects being attributable to these
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programme changes, rather than the charting, a precision teaching procedure
using practice only, with no additional teaching programme changes being made,
was used with one selected skill and the same procedure without charting was
used with the other (please refer to Table 1 below). As neither skill had been used
with precision teaching methods previously, it was not possible to be certain that
one skill could not be learnt more easily using precision teaching methods than
the other. For this reason another group of skaters learned the same two skills but
with conditions reversed. This allowed a comparison to be made between skills
for both charting and non-charting conditions. To allow a comparison of the same
skill over different skaters, a group design was used. As all skaters needed the

same amount of exposure to training, a set number of sessions were required and

in this case, ten were used as it was considered that changes in performance

should be observed over this number of sessions if precision teaching methods

were effective. This number was based on experience of the author as a skating

instructor. It was expected that, if charting was an effective component of

precision teaching, skaters would show a greater improvement for the charted

skill.

Table 1. Components used with typical precision teaching methods and the

elements that were used in each experimental condition for Experiment 1.

Typical Precision
Teaching

Precision Teaching
Method With Charting
Experiment 1

Precision Teaching
Method Without Charting
Experiment 1

e 1 minute practices

e Focus on both
accuracy and
performing fast

e Performance aim

e Results of each
timed minute are
recorded on a celeration
chart and shared with
student

e Teaching methods
are changed if
performance is not
progressing as expected

¢ 1 minute practices

e Focus on both
accuracy and
performing fast

e Performance aim

e Results of each
timed minute are
recorded on a celeration
chart and shared with
student

e Teaching methods
are not changed if
performance is not
progressing as expected

¢ 1 minute practices

e [Focus on both
accuracy and
performing fast

e Performance aim

e Results of each
timed minute are
recorded later on a
celeration chart but not
shared with student

e Teaching methods
are not changed if
performance is not
progressing as expected
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As presented earlier, institutions such as Ben Bronz and Morningside
Academies have demonstrated that building fluency using precision teaching can
improve academic skills over and above that normally achieved without the use of
such methods (Johnson, 1997; Spence & Hively, 1993). A further aim then of this
first experiment was to see if precision teaching, when applied to two basic skills
required for roller skating, gave greater progress than standard training alone.
Standard skating assessments were used at the end of the study to assess the
progress of those skaters who used precision teaching methods as well as those
skaters in the beginners class that did not. It should be noted that this design does
not rule out that any differences between the groups which may result from extra
practice for those with the extra training or of the fact that these individuals

volunteered for the extra training.

METHOD

Participants

Twelve children (P1-P12) from the local beginner roller-skating class
participated in the precision teaching sessions. The 6 participants in Group 1 (P1-
P6) were aged between 6 and 13 years at the start of the study with an average age
of 9.0 years. There were 5 girls and 1 boy. The participants in Group 2 (P7-P12)
were all girls aged between 6 and 9 years with an average age of 7.8 years. All
participants completed the study. A further 7 children of similar age in the
beginner classes were also included in the final assessment of general skating

competency.

Apparatus

A cassette tape containing the words “three, two, one, GO” indicated the
beginning of each 1-min interval. This was followed by three short tones every 15
seconds until the word “O.K.” indicated the end of a timed minute. This sequence
was repeated on the tape a number of times and was used to time the 1-min
periods of skating. Some of the skating sessions, as detailed below, were recorded

on video using a Sony Handycam Vision camcorder.
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Procedure

Two roller skating skills, forward crossovers and back scissors, were the
targeted skills. Definitions of each skill were established and the expected
frequencies of correct repetitions per minute as typically executed by a fluent
skater were used as the basis of the performance aim. Following observations of
an experienced skater at the rink, a performance aim of 50 correct repetitions per
minute was set for both forward crosses and back scissors.

Forward crossovers allow skaters to skate forwards around corners. This
skill includes the crossing action of one skate across the front of the other. To
perform this accurately, while moving forward, the skater must lift the first skate
off the skating surface and place it back on the rink surface either directly in front
of the second skate or to the outside of the second skate so that the skaters little
toes are now next to each other. Then they lift the second skate from the skating
surface so that they are rolling on the first skate only. In this study, for the
purposes of scoring, if the skater did not cross the first skate far enough over the
second skate or fell at any point then that repetition of the skill was counted as an
“attempt” rather than a “correct” by the observer.

To execute a backward scissor correctly, the skater must move both skates
backwards simultaneously, firstly away from each other and then back towards
each other. In this study, for the purposes of scoring, both skates had to be rolling
throughout the manoeuvre to be scored as correct. If one or both skates became
stationary, or the skater overbalanced and/or fell resulting in the wheels of at least
one skate leaving the rink surface, then that repetition of the skill was recorded as
an “attempt’ by the observer.

The general procedure used is shown in Figure 2 below. Initially all
skaters attending local beginner classes were given an information sheet (see
Appendix A) and consent form (see Appendix B) to hand on to their parents. The
information sheet outlined the main researcher’s background in skating, stating
she was a qualified skating coach, and gave a general overview of the study.
Parents were invited to sign the consent form if they wished their child(ren) to
take part in the research. Consent forms were obtained for all 12 participants.
These skaters were then randomly assigned to either Group 1 or Group 2.
Participants in the study were required to commit to attending two 15-20 minutes

sessions at the skating rink each week for the duration of the study.
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All children at beginner class were given an information
sheet. Consent forms were received for 12 children who

become the two experimental groups.

Groups 1 and 2 continued with weekly beginner classes
and attended two additional experimental sessions per
week. Before the experimental sessions began, skaters
were recorded on video performing both skills.

Control Group
continued with
weekly beginner
classes

ﬂ

At each session skaters in Groups 1 and 2 were told
that they are aiming to complete 50 forward crosses or
back scissors in each timing (or trial). Skaters that
exceeded this goal were told to aim for 60 and where
possible new aims were set in multiples of 10, i.e. 70,

80, 90, 100.
u | —
( Group 1 N ( Group 2 h
Completed up to 10 Completed up to 10
sessions (30 trials of sessions (30 trials of
each skill) and charted each skill) and charted
forward crosses only back scissors only
- N\ J

ﬂ

ﬂ

All skaters were tested on standard beginner class items by the

club coach.

Figure 2. Flow diagram of procedure used in Experiment 1.

At the first meeting at the rink the researcher explained to each child what

was going to happen at the sessions and confirmed that the child was prepared to

participate. Each skater was told that over the next 5 or 6 weeks they would be

learning two important basic skating skills, forward crossovers and back scissors.

At the end of this time they should be able to do these two skills faster and more
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easily. To see how much faster they were getting, the number of forward crosses
or back scissors they were doing in one minute would be counted. Skaters were
told they would have three attempts at doing this for both skills each time they
came to the rink and that they would be aiming to do 50 repetitions in one minute.
However, for this first meeting they were told they would simply be taught the
two skills and then have a chance to practice doing each of the skills for 1 min
while their performance was recorded on video.

Skaters were then shown a sample celeration chart with data points already
plotted and the chart was explained to them. Each child was asked questions
relating to the chart to check their understanding of it. The experimenter then
taught them the skill that they would be charting in the study. Following a 1-min
practice of that skill each child plotted the results of that timing onto a clean
celeration chart. Each skater was then recorded on video during a further 1-min
practice. For one participant, P4, this was not possible due to technical problems.
At the request of her parents P10’s performance was not recorded.

The second meeting at the rink was treated as the first experimental
session. There were ten experimental sessions scheduled across 5 weeks. If a
skater did not attend a scheduled session then this session was counted as a missed
session. Missed sessions were included towards the total number of sessions to
ensure that all skaters started and stopped the experiment during the same time
period.

At every experimental session each skater was given the opportunity to
nominate which skill they performed first. They were encouraged to change which
skill they chose to start with for each session, and to complete all three timings for
one skill before they completed the three timings for the second skill. In this way
each skater performed six 1-min timings, i.e. six trials, in each session. The
researcher reminded each skater at all sessions what performance aim they were
trying to reach. During the experiment it became clear that some children were
able to perform the skills much faster than the experienced skater on which the
performance aim had been set. Thus skaters who surpassed the performance aim
of 50 were given a new aim of 60. When it became clear further increases were
possible new aims were given in multiples of 10 i.e. 70, 80, 90, and 100. Before
each of the three timings, or trials, completed for each skill in a session, the

researcher had the skater practice the current skill about to be observed until they
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had done it correctly at least once and gave feedback to them on each try. The
timing was then started and the researcher counted corrects and errors.

Immediately after every timing the skater was told how many correct and
incorrect repetitions had been observed by the researcher. This was done for both
skills. While Group 1 participants plotted their results for forward crosses on a
celeration chart, Group 2 participants plotted the results of their back scissors on a
celeration chart.

At the completion of Session 10 the skaters were asked to do an extra 1-
min timing for each skill and this was recorded on video. Again, at the request of
her parents, P10 was again not recorded on video. To establish the level of
interobserver reliability, the researcher and two other observers watched the video
taken of each skater at the first and last sessions on a standard 23 inch television
screen. All three observers recorded the number of correct and incorrect
executions they observed in each timed minute onto paper. These were then
collated to determine a measure of interobserver reliability.

After all ten experimental sessions had been completed, all skaters in the
beginners classes were tested on standard beginner class items by the club coach
to asses whether they were competent enough to move up a level within the
classes. Each class level includes 10 different items that a skater must perform.

The University of Waikato Psychology Research and Ethics Committee

approved all experiments.

RESULTS

Figure 3 shows the number of forward crosses and back scissors
completed for each individual skater in Group 1 presented on semi-logarithmic
charts. The data from each of three 1-min timings in every session are shown. A
vertical line separates each session. The y-axis represents number completed per-
minute and uses a logarithmic scale. The numbers of correct forward crosses are
plotted using a solid black line with no markers, the number of correct back
scissors in a broken line with round markers, with square markers and cross
markers representing incorrect repetitions for forward crosses and back scissors
respectively.

Skaters in Group 1, P1-P6, both counted and charted forward crosses and

simply counted back scissors. They were initially aiming for 50 correct repetitions
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Figure 3. Number of correctly and incorrectly completed forward crosses (FC)

and back scissors (BS) performed in one minute for six participants in Group 1

(P1 to P6) across ten sessions. Each session included three 1-min timings, i.e.

three trials. Participants in this group were charting their forward crosses.
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per minute for both of these skills. All skaters, except P4, reached this aim for
forward crosses with two skaters (P3 and P6) reaching a plateau after attaining
this rate. Two skaters (P1 and P2) continued past 50 repetitions per minute to
complete 70 correct repetitions per minute at which point they also reached a
plateau. These two skaters were the only skaters to complete 50 correct repetitions
for back scissors reaching rates of around 90-100 correct repetitions per minute
where they reached a plateau. The other four skaters were not able to reach the
goal for back scissors and showed a plateau at around 30-40 per minute. P6
changed from rollerblades to roller skates in Session 7 which resulted in a drop in
the number of correct repetitions for both skills. All skaters in this group reduced
their number of errors over sessions to around 1 per minute by the final session.
Figure 4 shows forward crosses and back scissors for skaters in Group 2
presented on similar charts to those used in Figure 3. All skaters in this group
counted forward crosses and charted back scissors, and were aiming for 50 correct
repetitions per minute for both of these skills. Three of the 6 skaters, (P8, P10 and
P11) reached this aim for both skills with P8, P10, P11 and P12 reaching a plateau
around 50 correct repetitions per minute for forward crosses and P8 reaching a
plateau around 40 correct repetitions for back scissors. One skater, P9, failed to
meet this aim for either skill. The remaining two skaters in this group (P7 and
P12) reached the aim for one skill only. Again all skaters in this group reduced
their number of errors over sessions to around 1 per minute by the final session.
Because there was some variation in the beginning rates of performance both
between skills and between participants, and because some participants completed
fewer than ten sessions, it was decided to fit lines to the data to obtain a measure
of rate of change over sessions, rather than simply to compare starting rates with
finishing rates. Straight lines were used as this type of line is typically used by
precision teachers to predict improvements in rate of performance over time on
celeration, or semi-logarithmic, charts. However, when straight lines were fitted to
the data in Figures 3 and 4, the lines obtained were not a good fit, particularly
when plateaus in the data had occurred. Therefore, to estimate the rate of change
over the 1-min timings the data were re-plotted onto linear graphs and these are
shown in Figures 5 and 6 with the number of timings completed on the x-axis.

The y-axis represents number of each skill completed per-minute on a linear scale.



100

20

10

100

a0

-
o

Number Cornpleted

-

100

a0

10

Hession

t3
w
-
o
®

)
®
o
=

19

L )
-
?

[
o+

L.
—

1
|
Theokreet FC \

hcorrdct BE

P2

-

P11

Fa ol = ‘.“- ot
fo - ‘F L
¥ * & - *

Y

T
I
F]
h
}l ﬂh

Bess1on
Tz
1 2 3 i 1 B 7 -] ] 10
Y —
R AN
7 B i
.' n.‘ ';'
« [7F
<A
3 .\
AN I /
Flo
‘;: -‘F — -t p—
i —
P i
'{d. .‘
‘q‘
F1zZ
el ) :.:- i
/" I. | "t
L] r!h.
F _n"!
[
.I"- t

123 123 123 123 123 123 123 123 123 123

Timing

123 123 123 123 123 123 123 123 123 123

Timing

Figure 4. Number of correctly and incorrectly completed forward crosses (FC)

and back scissors (BS) performed in one minute for six participants in Group 2

(P7 to P12) across ten sessions. Each session included three 1-min timings, i.e.

trials. Participants in this group were charting their back scissors.
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trials. Participants in this group were charting their forward crosses.



21

oo P 100 P2
—— Caorrect FC
—— Incorrect FC
a0t --s- Correct BS a0t
— --»- |ncarrect BS -
g I
-E_" B0t -—E" B0t
= [}
L L
E 4':' I tﬂ 4|:| L
E E
< oot < oot
a ] ] i
30 30
moor P2 100 F
a0t (=i
% i
b I
-E_" B0t -—E" B0+
(=] (=]
L L
E 4':' r tﬂ 4|:| L
E E
<ot Z a0l
|:| ”“\e i detn, e e HealEsT fheta
] 10 . 20 30
Titnitug
100 100 F12
a0t aot
) —
= T
-E_" B0t -EL B0+
(=] (=]
L L
E 4':' r b 4|:| L
E g
<0t Z ool
] ]

Figure 6. Number of correctly and incorrectly completed forward crosses (FC)
and back scissors (BS) performed in one minute for six participants in Group 2
(P7 to P12) across ten sessions. Each session included three 1-min timings, i.e.

trials. Participants in this group were charting their back scissors.
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Solid lines represent forward crosses and broken lines represent back scissors.
Circle markers represent correct repetitions of each skill while crosses represent
incorrect repetitions. A decision was made to omit sessions where participants had
been absent because missed sessions did not appear to have a large effect on the
general trends observed in Figures 3 and 4. Lines were fitted to these data in
Figures 5 and 6 by the method of least squares regression. Table 2 shows the
slopes and intercepts of the lines for individual skaters for both skills.

Comparison of the slopes for the two skills shows that for Group 1 only
two skaters (P5 and P6) improved faster on the charted skill (forward crosses)
than the uncharted skill (back scissors). In Group 2, four skaters (P7, P9, P10, and
P11) improved faster on the charted skill (back scissors) than the uncharted skill
(forward crosses). Overall the data show that four skaters in each group improved
faster on back scissors than on forward crosses regardless of whether charting was
used or not. Generally, however, the obtained slopes were similar for both skills
for both Group 1 and 2, with differences greater than 1 between the slopes for
forward crosses and back scissors being seen in data from only 4 individuals. A
repeated measures ANOVA confirmed that, with alpha set at .05, there was no
significant difference in slope between the two skills, £(1, 105) = 0.013, or
between groups, F(1, 10) = 0.010. A box plot showing the average slopes for each
group can be found in Appendix C.

Table 2. Slopes and intercepts for each participant for forward crosses (FC) and

back scissors (BS) and the differences between skill intercepts and slopes for each

participant.

Participant FC FC BS BS FC-BS FC-BS
(group)  Intercept  slope Intercept  slope Intercept  slope
P1 (1) 32.251 1.580 47.735 2.217  -15.484 -0.637
P2 (1) 38.405 1.331 40.977 2.385 -2.573 -1.054
P3 (1) 26.885 0.926 15.938 0.985 10.947 -0.059
P4 (1) 12.732 0.465 11.286 0.610 1.446 -0.146
P5 (1) 7.108 1.281 5.170 0.993 1.938 0.288
P6 (1) 5.390 2.089 16.598 0.402 -11.208 1.687
P7 (2) 13.792 0.750 8.815 1.691 4.977 -0.940
P8 (2) 9.353 1.985 17.630 1.183 -8.276 0.803
P9 (2) 20.740 0.877 6.517 0.992 14.223 -0.115

P10 (2) 34.547 0.826 23.476 1.940 11.071 -1.114
P11 (2) 37.558 0.383 22.635 0.949 14.923 -0.566
P12 (2) 0.803 2.411 15.097 0.948 -14.294 1.463
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The first and last timings were also compared using a split plot ANOVA
(mixed design analysis of variance) comparing groups, skills and timings. With
alpha set at .05, the interaction of these three variables was not statistically
significant F(1,10) = 0.356 (partial 5° =.034, observed power = .084). There was
also no significant difference between skills, F(1,10) = 0.559 (partial #° =.053,
observed power = .104), or between groups, F(1,10) = 0.235 (partial 5° =.023,
observed power =.072). However, a significant difference was found between
first and last timings, F(1,10) = 166.93 (partial 7° =.943). A box plot showing the
average rates of performance recorded for both skills during the first and last
timings for each group can be found in Appendix D.

Interobserver reliability was determined by finding the mean percentage
agreement between observers using the total number of correct and incorrect
observed forward crosses or back scissors in each timed minute. All observations
were done by three observers watching a video that had been taken at the
beginning and end of the study. The following formula was used to find each
percentage agreement:

Smaller number observed x 100
Larger number observed

Interobserver reliability results are presented in Table 3. Percentage
agreement is not presented for observations of incorrect occurrences as lower
numbers of errors occurred (averaging 3.7 across observers) and therefore any
small differences gave large variances in the interobserver measures. In all cases
of correct observations, interobserver reliability was high with 89% being the

lowest value obtained.

Table 3. Interobserver reliability between the main observer (O1) and two other

observers (02 and O3), across 21 observations and two skills.

N Minimum Maximum Mean Std. Deviation

01 vs O2 Forward crosses 21 89.13 100.00 97.10 3.37
01 vs O3 Forward crosses 21 90.00 100.00 98.16 2.99
01 vs 02 Back scissors 21 90.48 100.00 08.01 2.68

01 vs O3 Back scissors 21 90.48 100.00 97.22 3.37




24

The club coach assessed all skaters in the beginner class. Beginner skaters
typically progress 1 level per 10 week term but this assessment determined that 9
of the 12 skaters in the study had progressed two levels during the ten weeks of
the beginners’ class. The remaining 3 skaters in the study had progressed one
level, as had the 7 beginner class skaters who had not participated in the study.
Anecdotal observations made by the club coach were that those skaters in the
study more easily and confidently performed a range of skating items and that this
was attributable to the extra training. It appeared that once skaters were more
confident at skating both forward and backward, their balance and coordination
also improved on other skating tasks (such as spinning and jumping) which often

require forward or back skating immediately before and/or after the task.

DISCUSSION

The main purpose of this experiment was to separate out one component
of precision teaching, charting, to determine how effective this component was.
Overall, charting did not result in greater improvement for one skill over the
second uncharted skill. That charting alone had little effect is inconsistent with the
generally reported view that charting contributes to the effects of precision
teaching (Lindsley, 1990). However, the results presented here are similar to
previous research done by Brandstetter and Merz (1978) who examined the effects
of charts on reading rates for 4™ graders. Differences found in their study were
small, although non-logarithmic charts showed a bigger effect. This contrasts with
Yawkey and O’Meara (1974) who found, when the teacher used celeration charts
with children, that mathematical performances were better than when they were
not using celeration charts. However, as already pointed out, these results were
confounded as teachers used the celeration charts to make suggestions on specific
follow up activities that the children could engage in to decrease errors. The
present findings suggest that the extra activities in Yawkey and O’Meara’s study
may have contributed to children in the charting phase outperforming those that
were not, rather than this being an effect of charting alone.

Because there is very little research into the effects of charting within the
precision teaching literature, no research currently exists on the effects of charting
when a motor skill is targeted, e.g., skating. Therefore the possibility exists that

while charting did not affect the performance rates of the motor skill targeted
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here, charting may be more effective for other types of skills that are more
academic in nature. The main procedural difference resulting from the use of
charts is the provision of visual feedback. Dvorak, Merrick, Dealey and Ford
(cited in Joyce and Moxley, 1988) state that charts provide students with feedback
that allows them to compete with their own record and see their results and this
may, in and of itself, change the behaviour of students. However, given the similar
results found for both charted and non-charted skills here, charts did not appear to
provide an advantage. Had the charts been publicly posted so that additional social
feedback also occurred, different results may have been obtained.

One effect of charting may be to allow skaters to compare their
performances with those of others and with their previous performances. Here, as
both skills were being counted, it was easy for skaters to compare the rates of the
two skills, even without charts. Skaters may have used this information to keep
the rate of the uncharted skill either above or close to the rate of the charted skill.
Therefore charting may have helped to accelerate rate of performance for both
skills. It was not clear if this was the case. Even if it was, it does imply that the
visual feedback was not required to help improve performance.

Using charts resulted in another procedural difference between conditions
in this study. This was the degree of talk between researcher and student and the
potential for social feedback that may come from viewing charts with other
people. For example, because a performance aim had been set and was drawn onto
each participant’s celeration chart, it was common for the researcher and
participant to discuss how close the current rate was to the performance aim. This
resulted in both more discussion between the skater and researcher, and more
opportunities for social reinforcement relating to progress on that skill. However,
this did not result in greater fluency gains than when the performance aim was
discussed in the absence of a celeration chart.

While it is argued here that the data suggest charting alone had no effect,
there is another aspect of the study worth discussing. White and Haring (1980)
suggest that while feedback is important for precision teaching, feedback alone
will not result in continued interest in the set task. Performance aims, or goals, are
an integral part of precision teaching and charting (Koorland, Keel, & Ueberhorst,
1990). The provision of these performance aims may have accelerated

performance over and above that which would have been seen if only feedback
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had been given. Results of the present experiment show that once many of the
skaters had reached, or come close to, the initial performance aim of 50 for one
skill, their progress levelled off for both skills even though a new performance
aim was set (refer to Figures 4 and 5). This was true for seven of the skaters who
reached the performance aim for forward crosses and three of the skaters who
reached the performance aim for back scissors. It is possible that skaters either
found it difficult to go beyond this performance aim, or further performance aims
had no effect. However, three skaters progressed well beyond the performance
aim of 50 for both skills with a leveling off finally appearing at around 70 for
forward crosses and 100 for back scissors. Thus it was possible to achieve a
higher performance rate. Perhaps if a higher performance aim had been set to start
with, the plateaus seen in some of the skaters’ results in Figures 4 and 5 here may
not have occurred.

Another aim of this experiment was to determine whether precision
teaching methods, a form of fluency training, could be used with a sport such as
roller skating. The current results suggest that this is possible as fluency training
resulted in improvements across all skaters and both skills. Furthermore the
progress on standard skating assessments was greater for skaters who used fluency
training than for other skaters attending the beginners’ class who did not. This
may indicate that increasing performance-rate through fluency training on
essential skills, such as those targeted here, may have resulted in better general
skating performance where those essential skills are used. However, this
assumption should be viewed cautiously as extra practice effects were not
controlled for here.

In conclusion then, providing visual feedback through charting on one
skill did not result in greater performance gains for that skill over the other
uncharted skill. However, skaters participating in this study did become more
fluent at performing forward crosses and back scissors, increasing the rate of
correct skills per minute. While charting may increase discussion between teacher
and student, and provides visual feedback, this does not appear to influence the
rate of performance over sessions directly. However, it is possible that in both
conditions the performance aims may have influenced skaters’ progress. This is
likely because performance rates appeared to plateau for many skaters when the

original performance aims were reached even though higher rates were possible.
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Given this, the next study explored the effect of goal difficulty on the performance

rates of skaters.

EXPERIMENT 2

Performance aims, or goals, are regularly drawn onto celeration charts
(Brandstetter & Merz, 1978; Joyce, 1988; Koorland et al., 1990; West et al., 1990;
White & Haring, 1980), and students are not started on learning a new skill until
those performance aims been achieved. However, no research exists in the
precision teaching literature examining the effectiveness of these performance
aims alone on performance rates. In contrast, considerable literature exists on goal
setting in the areas of cognitive and sport psychology which suggest that by
setting goals performance is improved (Anderson, Crowell, Doman, & Howard,
1988; Boyce, Johnston, Wayda, Bunker, & Eliot, 2001; Brett & VandeWalle,
1999; Burton & Naylor, 2002; Fairall & Rodgers, 1997; Gilliland & Landis, 1992;
Hatzigeorgiadis & Biddle, 1999; Kanfer & Ackerman, 1994; Kozlowski et al.,
2001; Latham & Kinne, 1974; Rizzo et al., 2003; Thill & Cury, 2000; Wanlin,
Hrycaiko, Martin, & Mahon, 1997; Weinberg, 2002). Latham and Baldes (1975)
suggest that goals lead to an increase in performance because they make it clear to
individuals what is expected. The provision of a goal also makes it clearer to the
individual what progress they have made as well as what progress they could be
expected to make in the future given their previous results. It seems logical that
Latham and Baldes’ assumptions regarding the use of goals could be applied to
performance aims within precision teaching as well.

In the previous experiment it was found that additional verbal and visual
feedback associated with the use of charts was not effective in accelerating
performance rates over and above those found when charts were not used. Locke
and Latham (1979) report that feedback alone is not effective in improving
performance and state that feedback must be combined with goals to have any
effect. For example, using a computational task with 61 university students, Locke
and Bryan (1968) found Knowledge of Score, a form of feedback, enhanced
performance as compared with no Knowledge of Score, but only when those
participants in the Knowledge of Score condition set goals. Their analyses showed
that while there was no main effect for Knowledge of Score, there was a

significant effect of goals on performance, i.e., the Knowledge of Score group
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performed better overall only because more participants in this group chose to set
a “do best” or “reasonably fast” goal and fewer participants chose a “no effort”
goal. The opposite was true for those in the no Knowledge of Score group. In
Experiment 1 of the current research then, it is possible that skaters improved
through the use of performance aims, or goals, which were set for both skills.

One way to categorise goals is by dividing them into performance goals
and mastery goals (Turner et al., 2002). Performance goals focus on
demonstrating ability and outperforming others. Mastery goals focus on
understanding, intellectual development, and improvement. Steinberg, Singer and
Murphey (2000) compared the achievement benefits for golf-participants who set
these different types of goals. Their results showed that a combination of both
performance and mastery goals was most effective in enhancing putting
performance. No changes were seen for those participants who used only a
mastery goal or performance goal, or for those participants who set no goal. The
performance aims described in the precision teaching literature are a combination
of both these types of goals. These aims direct the learner to focus on both
demonstrating their ability and in showing improvement. Performance aims, or
goals, in precision teaching are determined by the rate of performance that is
needed for the student to be able to perform the skill fluently (Johnson & Layng,
1996).

Different performance aims within precision teaching have been
established for specific skills within a number of curriculum areas (Binder &
Watkins, 1990). Commitment by students to achieving these established
performance aims has not been researched but within the goal-setting literature
Locke and Latham (1990) suggest that an individual’s commitment to a goal will
affect task performance. One determinant of goal commitment, as reported by
Locke and Latham, is peer group influence although they do not outline how this
might determine goal commitment. Public posting of performance is an example
of how a peer group can come to influence future behaviour and performance.
However, there does not appear to be any substantial support for the positive
effect of public posting in the literature. Anderson, Crowell, Doman and Howard
(1988) showed that the average hit-rate for individuals in a University hockey
team increased with goal setting but their results also indicated that mean hit-rate

did not increase more with publicly posted individual feedback, although



29

Anderson, Crowell, Doman and Howard reported to the contrary. Ward and
Carnes (2002) reported that publicly posting the goals of five collegiate football
players resulted in positive effects on their athletic performance. In their study
each football player met or exceeded their pre-set goal of an approximate 20%
improvement on what they were doing before the intervention was introduced.
However, since Ward and Carnes failed to separate out goal setting from public
posting it is possible that the improved performance could have been a result of
goal setting alone. In terms of precision teaching, their results indicate that even if
progress was posted in class or shared with peers, it may be other characteristics
associated with setting performance aims that would be effective in improving
performance.

In precision teaching the performance aims are set by the teachers. They
determine what rate of performance must be reached to achieve fluency in that
skill. The fact the teachers rather than the pupils set the goals might alter the
effectiveness of those goals. However, Locke (1990) states goal commitment is
not affected by whether a goal is assigned, set participatively or self-set. Latham
and Locke (1979) state that it is not important who sets the goals and that goal
difficulty has far more influence on the performance of individuals. They report a
laboratory study which involved participants brainstorming uses for wood. In one
group individuals set their own goals while in another group individuals were
given the goals set by participants in the first group. There was no difference in
performance between the groups, but both groups performed better than a third
“do your best” group.

Latham and Marshall (1982) completed a study using 57 government
employees who also completed a brainstorming task. There were three
experimental groups, namely, participatory, self-set, and assigned goals. Results
showed that there was no significant difference among the three groups regarding
actual performance. Fairall and Rodgers (1997) found similar results in their
study. They randomly assigned 67 track and field athletes to one of three goal-
setting groups. The first group participatively set goals with their coach. The
second group set their own goals, and the third group was assigned their goals.
Statistical analysis demonstrated that there were no performance differences
between the groups of athletes.
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There is one study that contradicts these findings. Boyce et al.(2001)
found that both instructor-set and self-set goals enhanced students’ performance
on a tennis serving task but that by the second trial, instructor-set goals were
superior to self-set goals. However instructor-set goals for one group were not
matched with the self-set goals of the second group. Therefore it may have been
different characteristics of the goals themselves that led to the instructor-set goals
group performing better. It seems reasonable to assume then, given the results of
all four studies, that within precision teaching, performance aims should not be
less effective simply because teachers have set them as student commitment may
not be an influencing variable.

Much of the literature on goal setting falls under the heading of ‘goal
setting theory’. Goal setting theory attempts to explain the way in which
performance on work tasks is regulated by conscious goals (Locke, 1993). Locke
(1991) reports that “the efficacy of goal setting in improving task performance is
one of the best established findings in management and psychology” (p.311).
Goal setting theory has also been used to explain performance within academic
and sporting fields. Locke and Latham (1985) claim that goal setting may be an
even more effective intervention in sports than in typical organizational settings.
Others disagree. Boyce, Wayda, Johnston, Bunker and Eliot (2001) report that
while approximately 90% of the goal setting research in the
Industrial/Organizational field has demonstrated that goals are effective, only 70%
of the research studies within the area of Sport and Physical Activity show the
same.

Latham and Locke (1979) outline the critical components of goal-setting.
They suggest goals should be specific and whenever possible there should be a
time limit for accomplishment of the goal. They suggest that, when goals are
specific, individuals may expend greater effort, and even devise better or more
creative tactics, to attain the goal than they would have in the absence of goals.
Precision teaching does set specific, time-based goals (Johnson & Layng, 1996;
Joyce, 1988; Koorland et al., 1990; Meacham & Wiesen, 1969; Polson, 2003;
White & Haring, 1980) and it may be that these performance aims, or goals,
contribute to the effectiveness of precision teaching.

Latham and Locke (1979) state that the goal should be challenging, yet

attainable. They suggest that if goals are perceived as unreachable, individuals



31

will not accept them. In accordance with this, they also suggest that individuals
with low self-confidence or ability should be given more easily attainable goals
than those with high self-confidence and ability. Precision teaching approaches
this differently because it aims to attain fluency. Fluency is best achieved by
setting the goal at what a competent person could do regardless of what self-
confidence or ability the learner currently holds. If that level of fluency is
unattainable, precision teaching assumes that this is due to deficiencies in the base
skills that are used in performing the skill that is being targeted (White & Haring,
1980).

Locke and Latham (1990) report that there is a linear relationship between
degree of goal difficulty and performance which they refer to as the “goal
difficulty function” (p. 27). They say that, assuming the goals are accepted by the
individuals, “hard goals lead to greater effort and persistence than easy goals” (p.
29). For example, Earley and Lituchy (1991) completed two studies which
separated out goal difficulty from other factors. Their first study involved students
performing maths problems and the second involved working on complex game
situations. Both of these tasks were completed under conditions of easy or
challenging goals. The easy goal was set at 2.0 standard deviations below the
mean performance level of participants who had completed a pilot study, while
the hard goal was set at 2 standard deviations above this mean. They found that
participants given challenging goals completed more problems. Lee, Sheldon and
Turban (2003) also found that goal level was positively related to the performance
of students enrolled in a university management paper. Those students with more
difficult performance goals gained, on average, higher grades for their courses.
Latham and Seijts (1999) suggest that a difficult goal is one that only 10% of the
participants can attain under normal conditions where goal setting is not
specifically used. As a result, most participants are aiming for something that is
above their normal level of performance (Locke & Latham, 1990). In precision
teaching, if performance aims are effective, this might be because performance
aims are set high i.e., performance aims are challenging as they are set above what
the individual is currently performing.

Locke and Latham (1990) report that a higher level of performance is
achieved when goals that are specific and difficult are used rather than vague,

non-quantitative goals such as “do your best”. They reported mean effect sizes
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ranging from .42 to .80 for studies which compared hard, specific goals to “do
your best” goals (Locke & Latham, 1990; Locke & Latham, 2002). Precision
teaching performance aims are based on the performance of a competent person,
and so are normally achievable but should be challenging for the learner
(Koorland et al., 1990). Therefore it is argued that precision teaching performance
aims fall within the definition of a difficult goal.

Some research contradicts the finding that harder goals result in better
performance. For example, Earley, Connolly and Ekegren (1989) report findings
from three laboratory experiments using a stock prediction task where specific
difficult goals either had no effect or a negative effect on task performance.
University students were asked to make predictions concerning the value of 100
companies’ stock. Goals ranged from “do your best” to the difficult goal of
making a prediction within $10 of the actual stock price. The difficult goal had the
effect of reducing prediction accuracy for the stock predictions. In another study
with basketball players who practiced shooting hoops, Getz and Rainey (2001)
showed that short term flexible goals were superior to rigid, harder goals and
concluded that in the face of setbacks and plateaus it is easier to maintain
motivation when the goal is closer.

Latham and Seijts (1999) suggest that as the complexity of a task
increases, the magnitude of goal effects decreases. One example of this was found
by Kanfer and Ackerman (1989) who conducted a study involving a computer
driven task that simulated activities performed by air traffic controllers and
involved 10 10-min trials. They found that a “do your best goal” was more
effective than a specific hard goal. They suggested that when the task is complex,
a specific difficult goal distracts attention from the necessary task of developing
appropriate strategies to perform that task. Latham and Seijts (1999) argue that
this can be overcome as long as proximal goals that are instrumental in achieving
a distal goal are set. Precision teaching specifically breaks down complex tasks
and sets performance aims for each component. Therefore this may be another
reason that precision teaching is so effective in changing rates of behaviour.

It was found in Experiment 1 that charting alone did not accelerate the
performance of skaters as similar performances were observed when charting was
not used. However, significant improvements were seen by the final session. It is

not clear what aspects of the training gave rise to the performance increases. A lot
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of research on goal-setting supports its effectiveness in improving performance
over and above that which occurs when no goals are used. Thus it seems possible
that the performance aims used in Experiment 1 may, at least in part, have been
responsible for the improvement in performance.

Most of the goal-setting literature states that specific, hard or difficult
goals are most effective. As pointed out, precision teaching uses performance
aims which generally meet these criteria. It was argued earlier that, in the
previous experiment, the goals set may not have been hard enough. This argument
was post hoc and based on the fact that a few skaters went far beyond the initial
performance aims, while others failed to improve once they reached it. It was
reasoned that this occurred because the initial performance aim was too easy. The
next experiment aimed at exploring the effect of the difficulty of a performance
aim on the performance rates of a skating skill. To avoid the potential confounds
from one condition to the other, as may have occurred in the previous experiment,
two different groups and one skill were used. Otherwise all other procedures were
the same as in the condition in the first experiment in which charting was not
used. A new skill to train was selected and it was decided to use back crossfronts
as the skill, which was a slightly more advanced skill than back scissors but a skill
that no skaters in the beginners’ class had previously been taught. This allowed
skaters from Experiment 1 to participate. To test the effect of goal difficulty on
performance, two different goals were set. One group was given a hard
performance aim that met the criteria of being challenging, yet attainable. It was
expected that only a few skaters would achieve this across the time-frame of the
experiment. The goal was set close to the maximum of what was achieved in the
first experiment on forward crosses as the movements involved in both forward
crosses and back crossfronts are similar in size. The easy goal was based on what
each skater was already achieving currently and so it was expected that skaters
could easily reach this goal most sessions. It was expected that those skaters who
were given a hard goal, or difficult performance aim, would outperform those who

were simply trying to equal their previous performance.
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METHOD
Participants
Ten children (P1-P10) from the local beginner roller-skating class
participated. Eight of these skaters had participated in Experiment 1. The 5
participants in Group 1 (P1-P5) were girls aged between 7 and 9 years at the start
of the study with an average age of 7.8 years. The participants in Group 2 (P6-
P10) were aged between 8 and 12 years with an average age of 7.8 years. There

were 4 girls and 1 boy. All participants completed the study.

Apparatus
A stopwatch was used to time each 1-min interval. Some of the skating

sessions were recorded on video using a Sony Handycam Vision camcorder.

Procedure

Back crossfronts were the skill targeted for this experiment. They allow
skaters to skate backwards around corners and include the crossing action of one
skate across the front of the other. Skaters perform this accurately, while moving
backward, by lifting the first skate off the skating surface and placing it back on
the rink surface either directly in front of the second skate or to the outside of the
second skate so that the skaters’ little toes are now next to each other. Then the
second skate is lifted from the skating surface so that they are now rolling on the
first skate only. If the skater does not cross the first skate far enough over the
second skate or falls at any point then that repetition of the skill is counted as an
“attempt” rather than a “correct”.

The general procedure used is shown in Figure 7 below. Initially all
skaters attending local beginner classes who could skate backwards, i.e., perform
back scissors correctly, were given an information sheet and consent form to hand
on to their parents. The information sheet was similar to that used in Experiment 1
as was the procedure for gaining consent. Consent forms were obtained for 10
participants and these skaters were then randomly assigned to either Group 1 or
Group 2. Participants in the study were required to commit to attending two 10-
min sessions each week at the skating rink for five weeks.

At the first session each skater was told that over the next five weeks they

would be learning to skate backwards around corners and that at the end of this



All children at beginner class who could skate backwards
were given an information sheet. Consent forms were
received for 10 participants who were randomly assigned
to one of two experimental groups.

All participants continued with weekly beginner classes
and attended two additional experimental sessions per
week. Before the experimental sessions began, skaters
were recorded on video performing back crossfronts.
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Each skater was told to
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this score.
\ | /

ﬂ
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Each skater completed
up to 10 sessions (30
timings or trials). At

each session they were

told to try and complete

70 back crossfronts in

one minute. They were

not told how many back
crossfronts they had
achieved in any one
minute in the previous

session.
\ /

ﬂ
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All skaters were recorded on video again at the completion of
the experimental sessions.

Figure 7. Flow diagram of procedure used in Experiment 2.

time they should be able to do this skill faster and more easily. All skaters were
then told that, in order to see how much faster they were getting, we would count
how many back crossfronts they were doing in one minute and that they would
have three attempts at doing this in each 10-min session. Before each of the three

timings the researcher would observe the skater performing the skill and if
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necessary provide feedback to them until they had done it correctly. All sessions
took place over the same 5-week time period. The tenth session coincided with the
start of school holidays, during which all skating activities at the rink ceased and
so the experiment stopped at this point. All skaters completed at least 9 sessions
and 4 skaters completed 10 sessions.

From Session 2 onwards, at the start of the 10-min session, Group 1
skaters were told the highest number of correct back crossfronts they had
performed in a minute in the previous session. They were told to aim at
completing the same or more than this in the current session. Group 2 skaters were
given the harder goal of 70 correct back crossfronts per minute at the beginning of
each session. After each of the 1-min timings, skaters were told how many they
had completed in that minute and the researcher recorded the data. Skaters were
not shown charts of their progress.

Following the completion of the last session, each skater was recorded on
video during a 1-min practice. To establish the level of interobserver reliability,
the experimenter and two other observers watched the video taken of each skater

and recorded the number of correct and incorrect executions.

RESULTS

Once the data was transferred onto charts, celeration charts failed to show
a linear progression across timings and so linear graphs were again used to
analyse the data. Figure 8 shows the number of correct and incorrect back
crossfronts completed for Group 1. The x-axis represents consecutive 1-min
timings with three 1-min timings in each 10-min session. The y-axis represents
number completed per minute. Correct back crossfronts are represented in a solid
black line with round markers and incorrect back crossfronts are represented by a
solid line with triangle markers. A broken line from timing 4 onwards shows the
goal set for each session. The goal was determined by the highest score in the
previous session.

From Session 2 on, all skaters in Group 1 were aiming to equal or better
their best performance from the previous session, i.e., complete the same number
of back crossfronts or more in one minute than they had in the last session. For all
skaters the goal increased from one session to the next in the majority of sessions.

However, there were also times when the goal had to be lowered in the next
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session because the skater had not reached the goal at all for a session. One skater,
P5, had their goal lowered for each of the last three sessions because their
performance rate kept falling, making it necessary to set a lower goal each time.

From Session 2 on, all skaters in Group 1 were aiming to equal or better
their best performance from the previous session, i.e., complete the same number
of back crossfronts or more in one minute than they had in the last session. For all
skaters the goal increased from one session to the next in the majority of sessions.
However, there were also times when the goal had to be lowered in the next
session because the skater had not reached the goal at all for a session. One skater,
P5, had their goal lowered for each of the last three consecutive sessions because
their performance rate kept falling, making it necessary to set a lower goal each
time.

Figure 9 shows the number of correct and incorrect back crossfronts
completed for Group 2 on similar graphs to those used in Figure 8. From Session
2 onwards all skaters in this group were aiming for 70 correct back crossfronts per
minute. One skater managed to achieve this in his very last timing. The
performance of the remaining skaters remained a clear distance below this goal.

Straight lines were fitted to the data in Figures 8 and 9 by the method of
least squares. Table 4 shows the slopes and intercepts of the lines for individual
skaters for both skills. Overall the slopes were very similar between Group 1 (M =
844, SD = 0.254) and Group 2 (M =.907, SD = 0.163). There was a numerical
difference between the intercepts for Group 1 (M = 12.263, SD = 6.494) and
Group 2 (M = 22.924, SD = 11.256). An independent samples t-test found that,
with alpha set at .05, there was no significant difference between slopes, #(8) =
0.464, or intercepts, #(8) = 1.835. A box plot showing the average slopes for each
group can be found in Appendix E.

The first and last timings were also compared using a repeated measures
ANOVA comparing groups and first timings with last timings. With alpha set at
.05, there was a significant difference from first to last timing, F(1, 8) = 124.749
(partial ° = .940), but no significant difference between groups, F(1, 8) = 3.583
(partial #° = .309, observed power = .385). The interaction of groups and timings
was also not statistically significant (1, 8) = 1.908 (partial ° = .193, observed
power =.230). A box plot showing the average rates of performance recorded

during the first and last timings for each group can be found in Appendix F.
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Table 4. The slopes and intercepts from lines fitted to Figures 8 and 9 using the

method of least squares regression.

Skater  Group slope intercept

P1 1 1.133 4.035
P2 1 0.822 18.274
P3 1 0.681 6.648
P4 1 1.058  15.030
PS 1 0.530 17.328
P6 2 0.934  38.664
P7 2 0.927  11.202
P8 2 1.150 12.823
P9 2 0.723  25.223
P10 2 0.799  26.709

Interobserver reliability was determined for two observers, the
experimenter and a local club coach, by finding the mean percentage agreement
between them. The same formula as that used in Experiment 1 was used to do
this. Overall interobserver reliability is high for correct observations (M =
93.42%, ranging from 78.72% to 100%). Again percentage agreement for
incorrect observations is not calculated as low numbers of errors occurred (M =
4.65).

DISCUSSION

This experiment examined the effects of two different types of
performance aims, a hard goal and an easy goal, on skater’s rate of performance
of a roller skating skill. Overall, differences in performance aims did not
accelerate the performance of one group over the other, although improvements
were seen in both groups over sessions, confirming again that simple practice
built rate.

The similarity in results between the two goal-setting groups was
unexpected given that previous goal-setting research has found that hard goals led
to better performance than easy or no goals (Earley & Lituchy, 1991; Latham &
Baldes, 1975; Lee et al., 2003; Locke, 1968; Locke & Bryan, 1966; Locke &
Latham, 1990; Seijts, 2001; Smith & Lee, 1992; Strang, Lawrence, & Fowler,
1978; Vancouver, Thompson, & Williams, 2001). As presented earlier, Earley and
Lituchy (1991) completed a study where maths tasks were completed under

conditions of easy or challenging goals. Their easy goal was set at 2 standard



41

deviations below the mean performance level of participants who had completed a
pilot study, while their hard goal was set 2 standard deviations above this mean.

It is likely that the easy goal in the current study, of trying to equal or better your
previous session’s best, is comparably harder than the easy goal used in Earley
and Lituchy’s study, which may account for why they found differing results for
their two goal groups where no difference was found here.

Strang, Lawrence and Fowler (1978) also separated out goal difficulty
from other variables, in a study giving university students mathematical equations
to solve. In two of their experimental conditions, participants had to solve
equations accurately within a set period of time and were told after each trial if
they had achieved this. Those in an easy-goal condition had to perform more
quickly than their slowest time recorded during baseline. Participants in the hard-
goal condition had to perform better than their mean performance time recorded
during baseline. This hard goal appears to be easier than the goal set in the easy-
goal condition in the current study, where participants were asked to equal or
better their previous session’s highest score. Those in the hard-goal group of
Strang, Lawrence and Fowler’s study did solve equations faster, unlike the present
findings where no difference was found between goal groups. Taking both of the
above studies into account, a fuller assessment of how difficult both the easy and
hard goals were in the current study is worth pursuing.

Earley and Lituchy (1991) found that across their two studies 87% and
89% of the participants respectively achieved at least the easy goal but only 6%
and 12% respectively of the participants achieved the difficult goal. It is hard to
do a direct comparison for goal difficulty but the current results showed that, in
the last session, 3 of the 5 participants (60%) in Group 1 achieved the easy goal
and 1 of the 5 (20%) of the participants in Group 2 achieved the hard goal. These
data suggest that, even though there were clear differences between levels of goal
difficulty, it is possible that the easy goal was still not easy enough as only 60%
achieved it. It has been reported by Boyce (1990) and Weinberg, Bruya, Jackson
and Garland (1986) that moderate goals are as effective as hard goals. If the ‘easy’
goal in the current study was moderately difficult rather than ‘easy’, the findings
of this study would support their statements that moderate goals are as effective as
hard goals. A future study could address this by having a “do your best” condition

as is frequently described in the literature.
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Other factors aside from goal difficulty may have impacted on the easy
goal group to improve their performance rates. One factor studied previously in
the literature is feedback. Locke and Latham (1990) have reported that goals
appear to be more effective when there is feedback, or “Knowledge of Results”
and that hard goals with no feedback do not result in better performance than
other goals. In the current experiment both groups were given feedback following
each timed minute. However, Group 1, the easy-goal group, was also told at the
beginning of each session what their best score had been in the previous session.
This additional feedback may have provided a confound if it influenced skaters in
this group to work harder in each session over and above the effects of goal
difficulty.

Getz and Rainey (2001) and Latham and Seijts (1999) have shown flexible
short term goals are more effective than rigid long term goals. It was not the
intention of this study to set a short term goal for one group and a long term goal
for the other. However, as the hard-goal group was given the same goal each
session, and had been told there would be ten sessions, it is possible this goal was
a long term one, i.e., that needed to be completed by the end of the study. In
contrast, the easy-goal group was given a new goal each session. Such goals meet
the criteria of short-term flexible goals described by Getz and Rainey (2001).
However, this analysis would predict that participants in the easy-goal group
should have performed better than those in the hard-goal group and this did not
occur. Thus, this analysis does not fully account for the present data.

Earley, Connolly and Ekgren (1989) found that easy goals were more
effective than hard goals but argued that task complexity influenced the
participants’ behaviour. Latham and Seijts (1999) agree that as the complexity of
a task increases, the magnitude of goal effects decreases. In the current study the
task was a simple one in which participants were asked to complete in the same
manner repeatedly for a minute each time. Therefore this simple task did not
change in complexity and hard goals should have led to better performance.

That the hard goal here was so difficult to achieve is worth further
discussion. For 4 out of 5 skaters in Group 2, the difference between their
performance and the actual goal of 70 was still large at the completion of the ten
sessions. This difference between actual performance and the set goal has been

termed goal-performance discrepancy (Donovan & Williams, 2003) or goal-
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discrepancy feedback (Vance & Colella, 1990). It is postulated that individuals
often set lower personal goals when this discrepancy is large (Locke & Latham,
1990). As already stated, skaters in Group 2 were not asked if they set other goals
and there is no other way of finding out if they did. Certainly if they did set lower
goals, closer to the easier one set for Group 1, this could account for the similar
results in both groups. Consideration should be given for any future studies, to
ensuring that the goal set is not so high that there is likely to be a large
discrepancy between the goal and actual performance at the end.

Other reports in the literature state that individuals may set personal goals
regardless of what goal is assigned to them (Locke, 1991). Even though different
types of goals were given to each group, it is not certain that individuals within
both groups were not setting alternative goals. For example, it was suggested
above that individuals in Group 2, with an assigned goal of 70, may have set easy
personal goals for each session. However Group 1, who were asked to improve on
their last session’s highest score, may also have had individuals who set
themselves a harder goal than this, more in line with the goal of Group 2 as has
occurred in previous studies (Hall, Weinberg, & Jackson, 1987). It is not clear if
skaters set their own additional goals as they were not asked whether they did so.
Therefore this should be considered in further research.

In summary, improvements overall were seen from the first to the last
session when fluency building methods were used with roller skaters. However, as
both experimental groups showed similar improvement in performance, it is not
possible to ascertain from these results whether the use of performance aims aided
this improvement. Therefore another study, addressing some of the
methodological concerns expressed regarding goal difficulty in this study, was
needed to confirm the effectiveness of performance aims alone in precision

teaching.

EXPERIMENT 3
As reported earlier, Latham and Locke (1979) state individuals simply do
not do their best when told to. In the majority of studies reviewed, a specific
challenging goal led to better performance than when participants were asked to
“do your best”. Furthermore, as stated earlier, performance feedback must be

given with goals for them to be effective, i.e., if no feedback is given then goals
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alone do not result in better performance (Locke & Latham, 1990). Latham and
Baldes (1975) collected data on the net weight of 36 logging trucks over a period
of 12 months, including an initial 3 months in which logging truck loaders were
simply told to *“do their best”. Logging workers were then assigned the goal of
loading trucks up to an average of 94% of the truck’s maximum weight limit.
They found that introducing this hard goal after the “do your best” condition
immediately led to improved performance on the task. This improvement was
then maintained over the period of the study. Other studies have also compared
the effect of specific goals with a “do your best’ condition (Boyce, 1990; Earley et
al., 1989; Locke, 1968; Smith & Lee, 1992; Weinberg, Bruya, Longino, &
Jackson, 1988). In most cases the goals led to better performance levels. Given
this, it seems sensible to compare the effects of a goal condition with a “‘do your
best” condition to determine more clearly whether the addition of performance
aims leads to improved performance over and above that seen when performance
aims are not used.

The first aim of this next study, then, was to confirm that goals, or
performance aims, do enhance performance when using fluency building methods.
To achieve this, a “do your best” condition was completed, with no feedback
provided on rate of performance. It was expected that there would be some
improvement during this condition as practice alone is known to result in
improvement (Kuhn & Stahl, 2003; Mayfield & Chase, 2002). Therefore this first
condition was in effect until performance rates were stable for three sessions, i.e.,
performance rates were no longer increasing, before a performance aim was then
introduced in a second condition. Although precision teachers typically set a
performance aim at the rate that a person fluent in that skill could perform, care
was taken to ensure that the goal chosen here was hard, yet achievable within the
time frame of the study to avoid the confounding effects of goal-performance
discrepancy. It was expected that if performance aims were effective, participants
would increase their rate of performance following the introduction of the
challenging goal. One skill was used for these two conditions.

A second skill was also included. Participants were always told simply to
‘do their best’ with this skill with the exception of one case which is outlined
later. The aim was to monitor the effects of introducing the goal for the first skill

on this second skill. In Experiment 1, two skills were used to see if charting
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improved performance rates over and above that seen when charting was not used.
However, since there were no baseline sessions with both skills uncharted, as
charting was introduced from Session 1, it was not possible to conclude that
charting one skill had not affected the other skill. In this present experiment, the
baseline condition where there were no set goals for either skill was used to
overcome this. The aim was to look for any confounds. It was expected that the
addition of the goal for a skill would give increased performance rates for that

skill only and that the performance rate of the alternative skill would not change.

METHOD
Participants
Eight children (P1-P8) participated who were attending the local beginner
classes. None had participated in the previous study. The participants were 7 girls
and 1 boy ranging in age from 4 to 10 years, the average age being 7.4. The same

procedures were used to inform parents and gain consent as in Experiment 1.

Apparatus

A stopwatch was used to time each 1-min interval.

Procedure

The general procedure used is shown in Figure 10 below. The same two
skills, forward crossovers and back scissors, as used in Experiment 1, were used
for this experiment. A similar procedure to Experiment 1 was also used, except
that the participants did not count or use charts. In Condition 1, the researcher
plotted data onto linear graphs after each session but ensured that participants did
not see these. When a minimum of six sessions had been completed, and the
performances of both skills for a skater were judged visually stable by the
researcher, i.e., no improvement in either skill was visible for at least three
sessions, Condition 2 started with a goal introduced for one skill. This goal was to
aim for 20 more correct repetitions of the skill (rounded to the nearest 5) than they
had been performing previously in each minute to a maximum of 65 forward
crosses and 90 back scissors. Four of the participants (P5-P8) did not participate
long enough for their behaviour to be judged stable and for the goal to be

introduced. Of the four participants whose behaviour was judged stable, three (P1,



All children at the beginner class who had not previously
taken part in previous studies were given an information
sheet. Consent forms were received for 8 participants.

ﬂ

All participants continued with weekly beginner classes
and attended two additional experimental sessions per
week.

ﬂ

Condition 1
Each skater completed 3 timings (or trials) of each skill at
each session. Skaters were told to do their best and no
feedback was given relating to how fast they were
performing each skill. Once skaters showed no
improvement on either skill for at least three sessions they

4 )

moved on to Condition 2.

- J

ﬂ

/ Condition 2 \

A goal was introduced for one skill only. This goal was
set at approximately 20 more per minute than the skater
had previously been performing at the end of Condition 1.
At the end of each timing, where a goal had been set for
that skill, skaters were informed of how many correct and
incorrect repetitions they had completed. They were not
given this information for the other skill. One skater who
showed no further improvement for either skill they

moved on to Condition 3.

N )

ﬂ

-

Condition 3
A goal was introduced for the second skill. This goal was set
at approximately 20 more per minute than the skater had
previously been performing at the end of Condition 2. At the
end of each timing (or trial) the skater was informed of how
many correct and incorrect repetitions she had completed and
S this was done for both skills

~

J

Figure 10. Flow diagram of procedure used in Experiment 3.
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P2 and P3) had a goal introduced for forward crosses. Because a fourth participant
(P4) was close to the maximum rate for forward crosses, as determined by the set
goals above, a goal was set for back scissors for this participant. Once goals were
introduced, all participants were told at the end of each timed minute how many
correct and incorrect repetitions they had done for that skill only. They were also
told the set number of correct repetitions for the targeted skill they were aiming
for. One participant, P1, changed skates in Condition 2 but remained in the study
long enough to start a third condition where a goal was introduced for the second
skill. P2 withdrew after Session 12 and P4 withdrew after Session 13.

RESULTS

Figures 11 and 12 show the number of correct (solid lines) and incorrect
(broken lines) back crossfronts completed in a minute for each skater (P1-P4 in
Figure 11 and P5-P8 in Figure 12) in Experiment 3. The x-axis represents 1-min
timings with three of these in each session. Bold vertical lines indicate changes in
condition. A broken vertical line for P1 indicates where this skater changes from
roller blades to roller skates. A broken horizontal line shows the goal set for
forward crosses. A smaller broken horizontal line shows the goal set for back
SCIsSOrs.

With the exception of two skaters (P5 and P6), all skaters improved their
rate of performance on both skills from the first session over Condition 1 where
no numerical feedback was given. P5 was the youngest skater and completed only
five sessions before she withdrew. During this time she did not show any
improvement in rate of either skill although she was performing both of these
skills with less hesitation by Session 5. P6 did not show any improvement over
the first six sessions and a goal would have been introduced in Session 7,
however, it was at this point that P6 started to show an increase in the rate at
which she performed her back scissors. She ceased skating after Session 12 before
the data could be considered stable. Her forward crosses also showed a slight rate
increase in Session 7 but then remained at this level for the rest of her
participation in the experiment. As P7 and P8 showed rate improvements across
condition 1, goals were not introduced before P7 ceased skating in Session 10 and
P8 ceased skating in Session 11.
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completed forward crosses (circles) and back scissors (crosses) performed in one

minute for the first four participants (P1-P4) in Experiment 3 across three
conditions (Condition 1: no goal, Condition 2: set goal for one skill only, and
Condition 3: set goal for both skills). Only one participant (P1) completed three

conditions. Set goals are represented by broken horizontal lines (long dashes for

forward cross goals and short dashes for back scissor goals).
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Figure 12. Number of correctly (solid lines) and incorrectly (broken lines)
completed forward crosses (circles) and back scissors (crosses) performed in one
minute for the second four participants (P5-P8) in Experiment 3 across one
condition where no goals were set. There were three timings in each experimental
session. Participants did not attend enough sessions to participate in more than the
initial condition.

P2 showed a marked increase in rate on forward crosses once a set goal
was introduced for this skill in Session 8 and a smaller increase in rate was also
seen in the rate of back scissors. This showed that, although her rate of
performance was very similar for both skills prior to the change of condition, once
the set goal was introduced, she clearly performed forward crosses at a higher rate
than backward scissors.

P3 differed from other participants in that, before the set goal was
introduced, she herself counted how many repetitions of a skill she did each
minute in many instances, although not consistently and not always with both

skills. Other participants may have also done this covertly but it was certain with
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P3 as she sometimes reported at the end of a minute how many she thought she
had done and was usually fairly accurate. When a goal was introduced for forward
crosses in Session 15, improvement was initially seen only for her back scissors
but this difference disappeared across Condition 2. Eight sessions later she
reached her goal of 35 forward crosses. Her rate of performance on back scissors
was lower at that time.

P4 showed greater improvement throughout Condition 1, compared to the
other skaters, eventually reaching the maximum rate possible for forward crosses
as determined in Experiment 1 without any set goals being introduced. Although
his rate was still improving for back scissors, it was decided that a set goal would
be introduced for this skill in Session 12. An immediate rate increase was seen
and he surpassed his goal within two sessions.

P1 was the only participant to complete three conditions. Once a goal was
set for forward crosses in Session 11, a marked increase in the rate of forward
crosses occurred immediately. The goal was reached within two sessions of the
condition change, in Session 12. P1 changed from roller blades to roller skates in
Session 13, and a drop was seen in the rate of both skills as a result. However, her
rate of forward crosses continued to increase and she reached the set goal again in
session 18. When a goal was introduced for back scissors in Session 20, an
immediate increase in rate was seen for this skill so that the rate of both skills was
now similar.

Lines were fitted to the last 6 timings of Condition 1 and the first 6 timings
of Condition 2 using the method of least squares and compared over 4 skaters (P1-
P4), to see if there was a significant difference on rate of performance once a goal
was introduced for one skill in Condition 2. With alpha set at .05, a significant
difference was found for the targeted skill, #(3) = 4.185 (M = 2.450, SD = 1.195),
but not found for the untargeted skill, #3) = 0.250 (M = 0.157, SD = 1.254).

DISCUSSION
Experiment 3 examined the effects of goals, or performance aims, on
skater’s rate of performance for two roller skating skills. Initially, all skaters
showed improvement during a baseline phase where no goals had been
introduced. Following the introduction of a goal, there were accelerated

performance rates for the targeted skill, and also some smaller improvements for
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the untargeted skill for two skaters. Therefore goals did appear to increase the
rates of performance of both skills over and above those seen when no goals were
used.

Latham and Baldes (1975) found that when a hard goal was given to
logging truck drivers, following a baseline condition where they were asked to
“do their best”, their performance improved immediately, a result similar to that
here. In the sporting area, Anderson, Crowell, Doman, and Heward (1988) who,
after a baseline condition, introduced feedback then goals with ice-hockey skaters,
found that legal body checking rates (hit rate) increased immediately, a finding
similar to that in the current experiment. Thus the general results of this study add
further support to the large body of literature regarding the effect of goals.

The main procedural change resulting from the introduction of a goal here
was the amount and type of feedback being given. The introduction of a goal
meant that the skater was given the number of correct and incorrect repetitions of
the targeted skill completed in the timed minute. Often, after this, they drew
comparisons between their current performance of that skill and the goal. This
comparison and feedback occurred only for the targeted skill. However, the results
also showed that the introduction of a goal may have impacted on both skills for
two skaters. While this change was not as large on the untargeted skill for 1 skater
(P2), it was greater for that skill for the other skater (P3). The introduction of a
goal for one skill may not have impacted on the untargeted skill for the last skater
possibly because he was already performing this skill as at high a rate as he was
able. Contrary to the present results, Ward and Carnes (2002) previously found
that the introduction of goal-setting with one skill did not affect other skills being
monitored. One difference between the two studies which may have led to the
differing results is in the nature of the goals used. The participants in Ward and
Carnes’ study were focused on performing accurately each time they were given
an opportunity to perform the targeted skill. In contrast, the participants here were
focused not only on performing the skill accurately, but also on performing the
skill faster. It is possible that the resulting speed with which participants in this
study performed one skill may have carried over to the untargeted skill for some
skaters, even in the absence of definitive feedback showing how much faster they

were performing it.
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Unfortunately the withdrawal of four participants before a goal could be
introduced resulted in a reduction of possible comparisons between baseline and
goal- setting, leaving only 4 participants where the effects of goal setting could be
evaluated. However, it is possible to make some comparisons between the results
in Condition 1 here and the results from Experiment 1 as all skaters were selected
in a similar way and the same two skills were used in both experiments.
Experiment 1 participants completed at least eight sessions, as did six of the eight
skaters in the current study (P1, P3, P4, P6, P7 and P8), during the baseline
condition where no goals or feedback were given. So, excluding P2 and P5 from
the current study leaves one group of six skaters where goals had not been
introduced. There are two groups of six skaters from Experiment 1, where goal-
setting was used, that could be used for comparison. Although no difference was
found in Experiment 1, it was decided to keep the two groups separate and
compare them with the baseline group here. This comparison of eight session’s
data for each skater in these three groups meant that the effect of goal-setting,
over and above progress resulting from timed minute practices, could be
evaluated.

Slopes were fitted to the data for both forward crosses and back scissors
for each participant for the first eight session’s data using least squares regression.
One-way ANOVAs showed that, with alpha set at .05, there was no significant
difference in slope between the three groups for forward crosses, F(2, 15) = 1.744,
(partial ° =.189 and observed power .308), or for back scissors, F(2, 15) = 0.772,
(partial #° =.093 and observed power .157). A box plot showing the average
slopes for each group can be found in Appendix G.

The first and last timings were also compared between groups using a
repeated measures ANOVA. With alpha set at .05, the interaction of group and
timings was not statistically significant for forward crosses, F(2,15) = 1.556,
(partial ° =.172, observed power = .278) or back scissors, F(2,15) = 0.247,
(partial ° =.032, observed power = .082). There were also no significant
differences between groups for forward crosses, F(2,15) = 0.831, (partial 7
=.100, observed power = .166), or for back scissors, F(1,10) = 1.949, (partial #°
=.206, observed power = .340). However, a significant difference was found
between first and last timings for both forward crosses, F(1,15) = 81.299, (partial
5’ =.844) and back scissors, F(1,15) = 65.280, (partial #° =.813). A box plot
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showing the average rates of performance recorded for both skills during the first
and last timings for each group can be found in Appendix H. These results show

then that the “‘do your best’” group in the current experiment performed as well as
the goal-setting groups used in Experiment 1.

One reason that skaters may have progressed so well in the absence of
goals is that other components of the rate building method were effective.
Precision teaching uses short, timed practice periods. This would fit within the
definition of deliberate practice (Ericsson & Charness, 1994). Ericsson and
Charness argue that deliberate practice allows individuals to perform at the same
level as experts. In essence, this is what precision teaching is aiming to achieve as
it encourages students to perform at the same level as a person fluent in that skill.
Therefore, it is argued that deliberate practice may be responsible for the increase
in performance rates seen in the absence of performance aims.

While no difference was found for the three groups over the first eight
sessions, when goals were introduced after behaviour was stable in the ‘do your
best’ condition in the current study, goal-setting appeared to lead to increases in
performance rates for 2 of the 4 skaters. Accuracy was fairly high at this stage, as
seen by low numbers of errors in Figures 8 and 9, and so these changes in
performance rate reflect an increase in fluency alone. More interesting, a goal was
introduced for P4 even though his performance had continuously increased in the
absence of set goals and had not yet stabilized and an immediate increase was
seen in his performance rate for this skill. This demonstrates that, even though the
fluency building method in general was resulting in increased performance rates
similar to those seen in Experiment 1, introducing a goal resulted in even greater
increases. It is not clear however, why goals should be more effective following a
period of “‘do your best’, as seen here, while not resulting in greater changes
earlier, as in Experiment 1. There are no obvious differences between groups of
subjects that would mask such a difference.

Participants in the previous experiment were asked to attend only ten
sessions and all completed at least eight. In contrast, the current experiment
involved stability and required a large number of sessions. Over the course of the
experiment all but two of the eight participants withdrew with four of the
participants withdrawing prior to a goal being set. It is possible that the number of

sessions required alone or the absence of feedback might have contributed to this
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loss. During baseline the intervening training given when there were many errors
provided some feedback on performance, this feedback reduced as the skill was
mastered and errors decreased. As a result, later sessions involved practicing the
same two skills over and over again with little feedback. All skaters in this
experiment became less willing to participate as the number of sessions grew and
feedback decreased. It may be that keeping sessions to a lower number, and
providing consistent feedback separate from the performance aim, may help keep
participants in the experiment which would overcome this problem in future.

In summary, results showed that the setting of goals with one skill may
have impacted positively on a second skill that had no set goals and it is possible
that this was due to the goal placing an emphasis on rate of performance. Overall
though, the general finding was that the results of this experiment are consistent
with other studies that have found goal-setting to be effective, as the introduction
of goals did increase performance rates following a period of ‘do your best’.
However, it was also observed that considerable increases in performance rates
were seen in the absence of goals. It is argued that this may have occurred because
of the effects of “deliberate practice’. Therefore the next study was aimed at
addressing both of these issues. Two experimental groups engaged in at least 8
sessions of deliberate practice and were compared to a control group that engaged
in only two sessions. One of the two experimental groups was also given a hard,

specific goal.

EXPERIMENT 4

In the previous experiment it was found that skaters improved their
performance rates in the absence of performance aims, or goals. It was argued that
this may have occurred because of the short timed periods of practice that were
used. As outlined initially, fluency is more than just accuracy. It is a combination
of accuracy and speed (Binder, 1987; Le-Grice et al., 1999). Kuhn and Stahl
(2003) state that the transition from accuracy to fluency is through extensive
practice. However, it is also possible that the type of practice done may affect how
soon fluency occurs. Deliberate practice is defined as “an effortful activity
motivated by the goal of improving performance. Unlike play, deliberate practice
is not inherently motivating; and unlike work, it does not lead to immediate social
and monetary rewards.” (Ericsson & Charness, 1994, p.738). One of the
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components of precision teaching is the use of short timed periods, performing
clearly defined simple tasks to bring about fluency. In short, it uses deliberate
practice.

It has been recognised that experts are fluent in what they do (Ericcson and
Charness, 1994). According to Ericcson and Charness (1994) expert level
performance in a domain is created through deliberate practice. They define
exceptional performers as those individuals who are performing at least two
standard deviations above the mean level in the population. Furthermore, they
state that extended training, involving deliberate practice, results in advances
occurring in the performance of everyday work and leisure tasks for individuals
that cannot be attributed to physiological changes in humans across generations.
An example they use is the winning time for the first Olympic Marathon. This
time is now achieved by thousands of amateurs each year in order to qualify for
the Boston Marathon and can be attributed to the type of training these amateurs
do. In this instance, there is a clear goal, i.e., to run faster than the qualifying time,
that is likely to be associated with the deliberate practice performed by individuals
training for this marathon. The amateur runners however, cannot run as fast as
professional athletes who train full time, and whose training methods are
continuously refined by professional coaches and trainers. Ericcson and Charness
argue that the ability to achieve expert, or fluent, performance is not innate. It is
the result of deliberate practice that is motivated by goals to perform better.
Therefore it is argued here that, because deliberate practice aims to improve
performance, deliberate practice has an inherent “do your best” goal.

Ericsson and Charness (1994) argue that it is generally thought by others
that to excel in a given activity, it is necessary to have talent or giftedness in that
area, yet they claim that the role of early instruction followed by a sustained high
level of training appears to be much more important than innate talent. However,
if it is the amount of deliberate practice that leads to elite performance, then
factors affecting how much practice is done will affect the success of the
individual. For example, Ericcson and Charness (1994) suggest that although
talent is not heritable, it might be that motivation is the heritable influence that
affects how much practice is done.

Earley and Lituchy (1991) certainly disagree with the suggestion that

motivation to practice is heritable. They argue that goals provide individuals with
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a sense of task mastery and bolstered efficacy which increases an individual’s
subsequent aspirations and strengthens their perseverance resulting in an
individual engaging in more practice. Goals then, according to Earley and
Lituchy, may affect performance more than any supposed heritable motivation. As
outlined earlier, Locke, Shaw, Saari, and Latham (1981) and Locke and Latham
(2002) have also stated that specific challenging goals lead to higher performance
than easy goals, “do your best” goals, or the setting of no goals at all.

While deliberate practice as defined by Ericcson and Charness (1994) has
an inherent goal of “do your best”, precision teaching sets very specific goals, or
performance aims. It is possible that the setting of specific, difficult goals could
result in fluency occurring earlier than it would if deliberate practice was used
without specific goals or aims. However, there is mixed evidence of the effect of
goals and goal difficulty from the previous three experiments here. For example,
comparisons of Experiment 1, where goals were used, and the first condition of
Experiment 3, where skaters were asked to simply do their best, suggested that
goals did not improve performance rates, yet when a specific goal was introduced
in Experiment 3, an immediate rise in performance rate was seen.

Peladeau, Forget and Gagne (2003) have suggested that the type of
practice engaged in may affect response latency, but not retention and academic
achievement, when overlearning has taken place. They report that precision
teaching uses timed periods where students are instructed to increase their correct-
response rate per minute, referred to by them as paced practice, and that this type
of practice may lead to a reduction in response latency. In their study, students
who participated in paced practice, using computerized flashcard software,
multiplied their initial correct response speed by a factor of 4.0 as compared with
a factor of 3.4 for the non-paced group, despite a slightly higher number of trials
being completed by the non-paced group. They also reported however that this
difference did not result in either higher academic achievement for the paced
practice group or better retention of the learnt material.

This next study used a new skill, dribbling a soccer ball, which is a skill
that soccer players need. It used novice soccer players to extend the research to
another sporting area. The first aim of this experiment was to compare the
performance of one group completing ten sessions of deliberate practice with a

second group completing only two sessions of deliberate practice, one at the
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beginning and one at the end of the study. A group design was used, in preference
to the single-subject multiple-baseline design used in the previous experiment, so
that a smaller number of sessions was needed, which in turn reduced the
likelihood of participants withdrawing. Both groups were novice soccer players
from the same soccer club. It was expected that, if deliberate practice does result
in faster performance, that the group completing a greater number of sessions
would improve more.

The second aim of this experiment was to examine the effect of goals
when they were used in tandem with deliberate practice. Therefore a third group
was given a goal of improving on their previous best score, i.e., individuals were
instructed to engage in paced practice. This goal was determined by results in the
previous experiments where firstly it was found that participants differed greatly
in what they could achieve within the time frame of the study, and secondly a
‘beat your previous best” goal appeared to be equal to a ‘hard’ goal in terms of
observed performance rate improvements. In the previous experiment it appeared
that there may have been a possible confound for some participants in the practice
only group who became aware of the introduction of a goal for other participants.
Therefore, in this study, the third group was comprised of novice soccer players
drawn from a local school rather than from the same soccer club. It was expected
that, if hard specific goals are effective in increasing performance rates, the group
that was set this type of goal would be able to dribble a soccer ball more fluently
by the end of the study than the group asked to simply do their best. It was
recognized that there was a possible confound as a result of participants being
drawn from two differing populations. However, it was expected that, if deliberate
practice and an additional hard, specific goal were effective, this third group
would outperform the soccer group engaging in only two sessions of deliberate
practice. It was also expected that this third group may also perform at least as

well as the soccer group who completed ten sessions of deliberate practice only.

METHOD
Participants
Participants were 19 boys and 4 girls aged between 8 and 10, with a mean
age 8 yrs 8 mths who were novice soccer players. Participants from Groups 1 and

2 attended the local soccer club. Each group was composed of a team that
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practiced and played games together but the selection of participants within each
team was random, i.e., they were not selected on ability. Participants from Group
3 attended a local school and were randomly selected. As all participants were
children, the same guidelines were used to inform parents and gain consent as had

been followed in Experiment 1.

Apparatus
A stopwatch was used to time each 1-min interval. Six red cones
approximately 20cm in diameter and 30cm in height were used with a Size 6

standard soccer hall.

Procedure

Soccer is normally played from April to August. This study started three
weeks into the soccer season and finished in early July. All children from Groups
1 and 2 played formal soccer games each Saturday and had a formal training
session mid-week. The school children in Group 3 played soccer informally. The
general procedure used is shown in Figure 55 below. At the first session each
player was told that they would be practicing how to dribble a soccer ball between
cones. Those in Group 1, who were told to simply do their best, and Group 3, who
were set a hard goal of beating their previous highest score, were told that by the
end of the study they should be able to do this very well. Participants in Groups 1
and 3 were required to complete two sessions a week. Every session the
researcher would outline how to do this skill correctly and then they would be
given three opportunities to practice the dribbling skill for 1-min. There were ten
sessions of three 1-min practices for participants in Groups 1 and 3. Some
participants were unable to attend all ten, but all participants completed at least 8
sessions. Each session took 15-20 minutes to complete.
Participants in Group 2 were required to complete one session of deliberate
practice at the beginning of the study, and one session of deliberate practice at the
end of the study. They were told at both sessions that the researcher was interested
in seeing how fast they could dribble a ball between cones. They were not told at
the first session that they would have a follow-up session at the end of the study.
This was to ensure that participants in this group were not encouraged by the

information to do extra deliberate dribble practice during the study time period.
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Two soccer teams from the local soccer club and all
students aged 8-10 at the local school were given the
opportunity to participate. Consent forms were received

from 19 participants.

Group 1 participants
came from the local
soccer club and
completed two
experimental sessions
per week in addition to
one soccer practice
and one soccer game
each week. j

|

fParticipants in Group 1\
were told at the
beginning of each
experimental session
that their task was to
dribble the soccer ball in
and out of the cones
without touching any of
the cones with the ball.
They were told “well
done” or something
similar at the end of
each timed minute and
were not aware that the
number of correctly
passed cones was being
recorded. Participants in
this group completed
between eight and ten
experimental sessions.

o

Group 2 participants
came from the local
soccer club They
participated in one
soccer practice and
one soccer game each
week across the
duration of the study.

Group 3 participants
came from the local
school and completed
two experimental
sessions per week in
addition to playing
soccer informally at
lunchtimes.

L

|

|

Participants in Groups 2 and 3 were told at the
beginning of each experimental session that their task
was to dribble the soccer ball, as fast as they could, in

and out of the cones without touching any of the
cones with the ball.

\ )

I

Participants in Group 2\
were told how many
cones they had
correctly passed after
each minute. They
were not initially told
that there would be a
second session at the
end of the study.
Participants completed
only two experimental
sessions, one at the
beginning and one at
the end of the study.

Figure 13. Flow diagram of procedure used in Experiment 4.

I

Participants in
Group3 were told
how many cones they

had correctly passed
after each minute.

Their goal was to

increase this number
at each session.

Participants in this

group completed
between eight and ten
experimental

sessions.

4 N

- /
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The researcher ran all sessions for all three groups. A difference that
emerged during the study was that some parents attended these sessions. Five
parents regularly attended sessions held for Group 1 and three parents attended
both sessions held for Group 2 but no parents were present for Group 3 as
sessions were held during school time. At the start of each session six cones were
set out in a straight line with 1.5 m between each one. Participants were required
to dribble the soccer ball in and out of the cones, circling the end cone and then
dribbling in and out of the cones back to their starting point. They repeated this as
many times as possible in one minute and completed three of these 1-min timings
each session. Each time they passed a cone this was scored as 1 correct. If they
missed or touched a cone, this was scored as 1 incorrect.

All sessions involved each participant being reminded that they were
trying to dribble the soccer ball between the cones, without touching them. Those
participants in Group 1, the do your best group, were told “well done” or
something similar at the conclusion of each 1-min interval. Participants in Groups
2 and 3 were asked to dribble the ball as fast as they could and were told at the
end of each timed minute how many correct and incorrect repetitions they had
done. Each participant in Group 3 was also informed of their goal at the beginning
of each session. This goal was to improve on their previous best score.

To obtain a measure of interobserver reliability, the main researcher and
two other observers observed eight 1-min intervals simultaneously with each

other.

RESULTS

Figure 14 shows the first and eighth sessions’ data for participants in
Group 1 and the first and second sessions for participants in Group 2. The eighth
session was used in Groups 1, rather than the final session whenever there were
more than this, so that the number of sessions between measures was the same for
all participants. On each graph the x-axis represents consecutive 1-min timings
with three 1-min timings in each of these sessions. A bold vertical line separates
the sessions. The first row of graphs shows data for each participant in Group 1
and the last graph shows the average for this group. It can be seen that the
numbers of correctly passed cones for the three timings in the eighth session were

higher than those in the first session for four of the seven participants (P3, P5, P6
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and P7) and lower for one participant (P4). The average number of cones passed
correctly in each timing by participants in Group 1 was 18 (M = 18.238, SD =
3.690) in the first session and 25 (M = 25.095, SD = 3.690) for the last session.
The average number of cones passed incorrectly in each timing was 1 (M = 1.429,
SD =1.548) in the first session and 1 (M = 1.095, SD = 1.013) for the last session.

The second row of graphs shows data for participants in Group 2, who
completed two sessions only of deliberate practice, with the last graph showing
the average for this group. Two of the nine participants (P8 and P9) passed more
cones correctly in the second session as compared to the first session. One
participant (P11) passed fewer cones correctly in the second session. The average
number of cones passed correctly in each timing by participants in Group 2 was
20 (M =20.481, SD = 4.187) in the first session and 22 (M = 22.148, SD = 3.724)
for the last session. The average number of cones passed incorrectly in each
timing was 2 (M = 2.407, SD = 0.878) in the first session and 3 (M = 2.926, SD =
0.846) for the last session.

A repeated measure ANOVA for unequal group size compared the average
number completed in Session 1 with the average number completed in Session 8
for participants in Group 1 and the average number completed in Session 1 with
the average number completed in Session 2 for participants in Group 2. The
average of each session was used for each participant as there were large
variations within sessions for some participants. It was found that, with alpha set
at .05, there was a significant difference in number of cones passed correctly from
the first to last timing (#(1, 31) = 10.900), no significance between groups (F(1,
31) = 0.772), but a significant interaction effect ((1, 31) = 4.660). The significant
interaction makes the ANOVA results harder to interpret. However, further t-tests
found that Group 1 (¢ (6) = 3.023) showed a significant difference from the first to
last session while Group 2 (¢ (8) = 1.272) did not, thus showing that Group 1 did
perform better over the study than Group 2.

For comparison, Group 3 data are also shown in the third row of Figure
14. The data shown are for the first and eighth sessions for participants in Group 3
with the last graph showing the average for this group. Again the eighth session
was used so that the number of sessions between measures was the same for all
participants. Four of the seven participants (P17, P20, P21 and P22) passed more

cones correctly in the eighth session than in the first session. The average number
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of cones passed correctly in each timing by participants in Group 3 was 16 (M =
16.333, SD = 3.517) in the first session and 18 (M = 18.190, SD = 2.588) for the
last session. The average number of cones passed incorrectly in each timing was 5
(M =4.667, SD = 1.515) in the first session and 2 (M = 2.333, SD = 0.861) for the
last session. A repeated measure ANOVA for unequal group size compared the
average number completed in Session 1 for each participant with the average
number completed in Session 8 for participants in Groups 1 and 3 and Session 2
for participants in Group 2. It was found that, with alpha set at .05, there was a
significant difference in number of cones passed correctly from the first to last
timing (F(1, 45) = 7.580) but no significance between groups (F(2, 45) = 0.140)
and no significant interaction effect (#(2, 45) = 0.800). A further t-test found that
Group 3 (¢ (6) = 1.694) did not show a statistically significant difference in
performance rate from first to last session. Taken together, the data for all three
groups indicates that while more improvement occurred for Group 1 than occurred
for Group 2, the group completing only two sessions of deliberate practice, similar
improvements were seen for Group 2 and Group 3. A box plot showing the
average rates of performance recorded during the first and last timings for each
group can be found in Appendix I.

It was possible to make further comparisons between Groups 1 and 3,
similar to those made in the previous three experiments. Figure 15 shows the
number of cones each of the 7 participants in Group 1 dribbled a soccer ball past,
either correctly (circles) or incorrectly (crosses), and the average for this group.
The x-axis represents consecutive 1-min timings with three 1-min timings in each
session. The y-axis represents number completed per minute. Five of the 7
participants in Group 1 (P1, P3, P5, P6 and P7) increased the number of cones
they passed correctly across sessions. One participant (P4) decreased the number
of cones passed correctly across time. All participants kept their errors in each
minute to between 0 and 8 throughout the experiment.

Figure 16 shows the number of cones each of the 7 participants in Group 3
dribbled a soccer ball past plotted on graphs similar to those in Figure 15. Three
of the 7 participants in Group 3 (P17, P21 and P22) increased the number of cones
they correctly passed across sessions. The remaining 4 participants did not
improve their number correct over sessions. Participant’s errors per minute ranged

from 0 to 18, higher than those seen in Groupl.
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(crosses) cones completed in each minute across timings for Group 1, the do your

best group. Three timings were completed in each session.
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Figure 16. The number of correctly passed (circles) and incorrectly passed

(crosses) cones completed in each minute across timings for Group 3, the hard

goal group. Three timings were completed in each session.



Lines were fitted to the data in Figures 15 and 16 by the method of least
squares to estimate the rate of change over timings. Table 5 shows the resulting
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slopes and intercepts for each participant and the average for each group. In terms

of slope, a small difference between the average of Group 1 (M = 0.303) and

Group 3 (M =0.229) can be seen. The average intercept of Group 1 (M = 18.352)

was higher than that of Group 3 (M = 16.947). However, with alpha set at .05,
one-way ANOVAs determined that there was no significant difference between

Groups 1 and 3 for either slope (F(1, 13) = .258) or intercept (F(1, 13) = 0.178). A

box plot showing the average slopes for Groups 1 and 3 can be found in Appendix

J.

Table 5. Slopes and Intercepts for each participant in Group 1 (do your best) and

Group 3 (beat your previous high score) and the average for each group.

Participant Group Intercept Slope
P1 1 15858  0.392

P2 1 13.953  0.110

P3 1 24.732  0.167
P4 1 27.088 -0.186

P5 1 13909 0.714

P6 1 15329  0.499

P7 1 17593  0.426
Average 1 18.352  0.303
P8 3 23.616  0.453

P9 3 28.832  0.015
P10 3 14.108  -0.003
P11 3 8.777  0.141
P12 3 17.114  0.336
P13 3 11.860  0.639
P14 3 14.319  0.020
Average 3 16.947  0.229

Interobserver reliability was determined by finding the mean percentage

agreement between observers. The following formula was used to find each

percentage agreement:

Smallest number observed x 100

Largest number observed
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Percentage agreement was not calculated for incorrect observations as
errors occurred in low numbers across observations therefore any discrepancy in
observations between observers would result in a low percentage agreement value.
In all cases of correct observations, interobserver reliability is high, ranging from
92.3% to 100%, with a mean of 97.3% and a standard deviation of 3.13.

In summary, Group 1, who were asked to simply do their best, showed
significant progress over time while Group 2, who completed only two sessions of
deliberate practice, did not. Group 3, who were set hard goals, did not perform as
well as Group 1. Further, Group 3 performed only slightly better than Group 2.

Neither Group 2 nor Group 3 showed a statistically significant improvement.

DISCUSSION

This experiment had two aims. The first was to examine the effects of 1-
min timings, a form of deliberate practice, on performance rates for a soccer
dribbling skill. It was found that a group that completed at least eight sessions of
1-min timings, where participants were asked to simply do their best, improved
their performances over sessions and outperformed a control group who
completed only two sessions of 1-min timings. The second aim of this experiment
was to examine the effect of goal setting when used with 1-min timings and it was
found that 1-min timings combined with the goal-setting used here had less effect
than 1-min timings alone.

The first of these findings, that over the time frame of the study greater
numbers of 1-min timings, a form of deliberate practice, alone did lead to more
fluent performance, supports the claim, as suggested by Ericcson and Charness
(1994), that expert level performance, or fluency, is a result of deliberate practice.
Both Groups 1 and 2 were involved in general soccer games and practice across
the soccer season, but only Group 1, who completed more 1-min timings, showed
increased performance rates by the end of the study, even though participants in
both groups would have used the skill of dribbling a soccer ball throughout the
season. Therefore this finding supports the idea that the component of short,
focused timings, or deliberate practice, used in precision teaching is effective. As
was outlined at the start of this research, several authors (Binder, 1996; Binder et
al., 1990; Lindsley, 1996) within the area of precision teaching have found that
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students reach higher levels of performance by keeping to short, timed periods and
the results here add further support to this.

In terms of Group 3, the hard goal group, the results were unexpected both
because, like Group 1, this group completed at least eight sessions of 1-min
timings and because there is a large amount of literature which exists suggesting
that hard goals lead to improved performance. However, it is possible that the
findings here support what Peladeau, Forget and Gagne (2003) have reported
previously. In their study they found that instruction to focus on response rate was
followed by a decrease in accuracy. Therefore, the effects of setting a hard goal
here may have been moderated by the effects of paced practice.

One other hypothesis that may account for Group 1 outperforming Group
3, the hard goal group, from first to last sessions is that of Weinberg (2002). He
suggests that results in sport settings may differ from results in other goal setting
studies because often athletes are different in their ‘motivations’. Donovan and
Williams (2003) agree with them. They suggest that the results obtained in their
study using University track and field athletes may have been greater than would
be seen in other populations because these individuals were highly “self-
motivated’ and “intrinsically interested’ in the task they were completing. This
may have been a factor influencing the results in this experiment as Groups 1 and
2 came from a soccer club, while Group 3, the hard goal group came from the
local primary school and did not typically engage in soccer games. Therefore
Weinberg (2002) and Donavon and Williams (2003) would predict that the
participants from the local school may not have been as motivated to improve
their soccer skills. While Group 3, the hard goal group, was deliberately chosen
from another population to avoid participants from Group 1, who were asked to
their best, from being exposed to goal-setting, this also made the present
comparison difficult. Future research should ensure that all participants come
from similar sporting populations.

Locke (1991) suggests that if correct procedures are carried out in goal-
setting studies, within the realm of exercise and sport psychology, then results
showing the effectiveness of goal-setting will be found. Conversely,
methodological flaws can lead to disappointing results (Locke, 1991; Weinberg,
2002). One fundamental flaw in goal-setting studies outlined by Locke (1991) and

Boyce et al. (2001) pertains to goal difficulty. Failure to set specific goals at an
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appropriate level of difficulty can affect performance gains. In the current
experiment, participants were asked to beat their previous highest score, a goal
which meets the criteria set by Boyce et al. (2001) of a specific, numerical goal.
This type of goal is also considered to be a fairly difficult one in the literature, and
so the level of goal difficulty should not have been a contributing factor to the
unexpected results in this study.

Spontaneous goal-setting is another methodological flaw that can affect
results. Locke (1991) and Boyce et al. (2001) report that unless participants are
specifically prevented from setting their own goals, sporting individuals in
particular are likely to set goals spontaneously in “no-goal” or “do your best”
conditions, as was used in the current experiment. Attempts were made to control
for spontaneous goal setting, in terms of increasing rate, by not providing
participants in the do your best group with numerical feedback on how many
correct repetitions of the skill they had done. However, as the number of errors
was low for this group, it was possible that participants set goals to decrease or
eliminate their errors, inadvertently improving on their performance, and
anecdotally some participants did refer to the number of errors that they had made
in a timed minute rather than the number of cones they had passed correctly.
Likewise, Brett and VandeWalle (1999) also found that, even in the context of an
external goal, individuals chose their own goals which differed from those of the
training program. Therefore, spontaneous goal-setting cannot be ruled out in the
current experiment for either of the experimental groups and this confound may
have contributed to the unexpected results obtained here.

Differences in the amounts of soccer play engaged in each week were also
considered as a possible confound. Groups 1 and 2 attended other soccer practices
each week and played in soccer matches while Group 3 did not. The lack of
improvement seen in Group 2 indicated that engaging in general soccer practice
and soccer matches did not impact on the fluency of the skill targeted in this
experiment as the performance rates did not increase. Hence it seems likely that
differences between Groups 1 and 3, in terms of improvement from the first to last
session, were attributable to factors other than additional soccer play.

Another factor that may have influenced results is that proposed by
Weinberg (2002) who suggests that there is strong evidence in the psychological

literature that social support influences the motivation and persistence of
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individuals and that social support can play a crucial role in helping individuals to
achieve their goals. Social support provides additional opportunities for social
reinforcement which may change behaviour. In the current experiment 5 of the 7
participants in Group 1, who were asked to simply do their best, had parents
attending their sessions. These were also the same five participants who made the
most progress over time in that group. Three participants in Group 2 had parents
attending both their sessions but these participants did not appear to perform
better than the other participants in the same group. However, there were only two
sessions for this group and so this may not have been enough to show any effects
of the presence of parents. No participants in Group 3, who were given a hard
goal, had parents attending as the sessions were run at school during lunchtimes.
Overall then, it is possible that social support was an influencing factor which
should be considered in future studies.

Where participants had increased the number of correct executions per min
across the study, this progress flattened out at around 35 correct executions per
min (see Figures 11 and 12). Observations made by the researcher were that once
participants were nearing 30 correct repetitions, they generally demonstrated good
co-ordination of their feet and control of the ball. The researcher also observed
that more overall control of the ball was shown in Group 1, who were asked to
simply do their best. This is likely to have been the result of participants focusing
on the reduction of errors. As explained earlier, participants were not instructed to
count but because errors were few, and they were focusing on performing the skill
well for the duration of each minute, it was possible for them to keep track of how
many errors they had done. Certainly, three of the participants in this group
commented at least once during the experiment when they managed to complete a
minute without touching any cones. In contrast, the participants in Group 3, who
were given a hard goal, regularly counted for themselves how many cones they
passed including ones that had not been passed correctly. Furthermore,
instructions given by the researcher to the group on how the skill was to be done
correctly often did not appear to affect the manner in which the skill was practiced
in the next minute. The only clear exception to this was P23 who regularly
reported how many errors she had made at the end of each minute. Overall, her
numbers of errors per minute were smaller than for the other participants in her

group and similar to those seen for Group 1.
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In summary, participants who were given a hard goal did not perform as
well as those participants asked to simply do their best who completed the same
number of sessions. Further, there were no statistically significant differences
between the hard goal group and the group who completed only two sessions of 1-
min timings who were told to do their best. These results suggest that, in this
instance, goal-setting combined with 1-min timings, a form of deliberate practice,
did not result in faster performance while sessions of 1-min timings alone did. It
is possible, however, that confounding factors such as spontaneous goal-setting
and social support may have contributed to the results and thus further research
was needed which deliberately considered these factors.

This next experiment involved a group design, using roller skaters, with
two experimental groups and a control group. However, this time all participants
were involved in similar related sporting activity each week and each participant
was asked what personal goals, if any, they set during the study. Participants were
moved away from other skaters and parents during sessions and parents were not
informed of the participant’s progress until after the final session. Roller skating
was targeted so that one of the skills used in two of the previous experiments

could be used and methodological concerns raised earlier could be addressed.

EXPERIMENT 5

As previously mentioned, Locke (1991) says that the core finding in the
goal setting literature is that hard specific goals lead to better performance.
However, the previous four experiments did not find that such goals accelerated
performance rates, over and above those seen when goals were not used, with
fluency building methods. There were some methodological problems raised with
the previous experiments which might account for this discrepancy. In addition
there are a range of other methodological problems that need to be considered
when designing research in this area. Therefore it was decided to design an
experiment that took account of all known methodological problems.

Locke (1991) has outlined three major flaws that often occur with goal-
setting research in sports. The first of these is failure to eliminate spontaneous
goal-setting in any “do your best’ conditions. Locke (1991; 1994) has suggested
that spontaneous goal-setting can be avoided by not giving feedback to

participants or by varying the feedback so that current performances cannot
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accurately be compared with past performances. Efforts were made to try to
reduce feedback in the previous experiment with the ‘do your best” group for this
reason. However, as suggested earlier, it was possible that the task itself, i.e.,
correctly dribbling a soccer ball past cones, gave participants clear feedback, at
least on errors. This in turn may have led to participants setting their own
spontaneous goals to reduce errors. This next experiment then tried to eliminate
spontaneous goal-setting by asking the participants in a practice-only group to
count 1 then 2 repetitively while they did the timed practices so that they would
not spontaneously count either errors or corrects. A second experimental group
that used deliberate practice and goals was also asked to do this to ensure that the
repetitive counting itself did not give one experimental group an advantage or
disadvantage over the other.

A second major methodological issue outlined by Locke (1991) is the need
to assess whether or not participants have set personal goals. Locke argues that
personal goals may have more influence than experimenter set goals so that when
participants are classified according to their personal goals, i.e., whether
individuals set themselves an easy or hard personal goal rather than by their
membership to a particular experimental group, the subsequent results will show
that hard goals lead to better performance. That is, he argues that many
experiments do not manage to manipulate goals as planned. Locke suggests that
post hoc analyses of personally set goals can help clarify findings. Therefore, this
next experiment also assessed the personal goals, if any, each participant set. In
order to reduce the likelihood that this assessment would prompt personal goal
setting, participants were asked questions relating to personal goals at the
conclusion of their final session.

The third major methodological issue outlined by Locke (1991) is the need
to set goals that are specific and at an appropriate level of difficulty. As in the last
experiment, care was taken in this next experiment to ensure that the hard goal set
for the goal group was specific and at a level that was achievable for participants
but not easily so.

The design of this next study then, attempted to take account of the main
methodological issues that can raise problems in sporting studies as outlined by
Locke (1991). Locke (1991) has also outlined other methodological issues that

may have impact on the results of goal-setting studies within the sporting field,
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although Locke considers them as less important than those identified above. One
of these is participant commitment. He argues that it is necessary to make sure
that all participants are committed to achieving the experimenter set goal as
otherwise the performance of those not committed to that goal may differ from the
performance of those who are. As previously discussed, this may have been a
confound in the previous experiment as one group were children who did not
engage in competitive soccer games, and so this group in general may not have
been as committed as the soccer players to improving their skill level. However,
membership and regular attendance at a club involving training in targeted skills
may be one indication of commitment. Therefore, in the current experiment,
participants who belonged to a roller skating club and who all were engaging in
similar skating activities each week were used.

Another factor suggested by Locke (1991) is the need for all experimental
groups to start from similar baseline levels in the skill under study. There were no
statistical differences in initial performance rates in the previous experiments so
these experiments met Locke’s suggestion. In the current experiment care was
taken to make sure that there were similar ranges of starting abilities in each
group.

A further problem that can occur as a result of competition, as reported by
Locke (1991), is that participants may set personal goals based on what another
participant is achieving. It was noted that in Experiments 1-4, because participants
attended sessions together, that there was some competition between participants.
That is, they were interested in the achievements of others and may have tried to
modify their own performance as a result. This was controlled for in the current
study by giving each individual in the goal setting group the same goal and
insuring that participants heard only their own feedback, and not that of other
participants.

As explained earlier, participants in the previous experiment were not
randomly assigned across all three groups and so there had been the potential for
other factors to have an impact on the results. This was overcome in this next
experiment by ensuring that all three groups came from the same population. The
impact of parental attendance at sessions was also avoided, as much as was
practicably possible, by ensuring that parents were not involved at all in
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experimental sessions and were not provided with feedback from the experimenter
on the progress of their child.

In Experiment 3 results showed that introducing a goal with one skill may
have impacted on a second untargeted skill for some skaters. Therefore, for
clarity, only one skill was used for this study and forward crosses, a skill that had
been used in two previous experiments, was selected. Given the earlier use of
forward crosses with skaters of similar skating abilities, it was possible to
determine accurately the performance levels that could be achieved by beginning
skaters. This allowed the same difficult, but achievable, goal to be given to each
participant in the group engaging in 1-min timings, or deliberate practice, with a
set goal. Their collective performances could then be compared with a group
which engaged in 1-min timings only, to see if results similar to those of
Experiment 4 were found.

In Experiment 4, a group that engaged in 1-min timings for only two
sessions, at the beginning and end of the study, did not improve at all. It was
decided to see if this result would be replicated in the current experiment by
having a third group which also completed three sessions of 1-min timings, with
the last two eight weeks apart, and with no 1-min timings in between. The first
two groups completed seven more sessions of 1-min timings, or deliberate
practice, than did this group. This allowed any changes in performance, directly
attributable to the additional 1-min timings to be assessed. In this experiment all
three groups started with one session of 1-min timings five weeks prior to the start
of their experimental condition. This was included to obtain a measure of how
much each participant generally improved over this time with only club activities
in the absence of any 1-min timings or goal-setting.

Given the reports in the goal setting literature, it was expected that if
previous results were confounded by methodological problems, then in the current
study, where these problems were controlled for, it would be found that those
participants given a hard goal and 1-min timings, a form of deliberate practice,
would outperform those engaging in the same number of 1-min timings in the
absence of goals. Furthermore, it was expected that the two experimental groups
who engaged in more sessions of 1-min timings would outperform the third group
that engaged in only three sessions of 1-min timings across the period of the
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study. A summary of methodological issues controlled for in this experiment are

listed in Table 6 below.

Table 6. Summary of methodological issues controlled for in Experiment 5.

Methodological Issue

Previous experiment(s)
where this may have
occurred

Approach used in
Experiment 5 to control
for issue

Failure to eliminate
spontaneous goal-setting

Participants may set
personal goals

Failure to set a goal at an
appropriate level of
difficulty

Different levels of
commitment may exist
between participants

Participants may start at
different baseline levels

Participants may compete
against other participants

Parents may influence
participants

Changes implemented for
one skill may impact on a
second skill

Experiments 1-4

Experiments 1-4

Experiment 1

Experiment 4

Experiments 1-4

Experiment 4

Experiments 1 and 3

Participants asked to
count 1, 2 repetitively out
loud

Participants asked at
conclusion of study what
goals, if any, they set

Goal set on what had
been achieved in similar
earlier experiments

Participants come from
same population

Similar ranges of starting
abilities in each group

Skaters in the goal-setting
group had the same goal
and only heard their own
feedback

Parents were not involved
in sessions or given
feedback on their child’s
performance

Only one skill was used

Participants

METHOD

Eighteen children (P1-P18) from four beginner roller-skating classes

participated. These classes were run by four roller skating clubs that followed
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similar coaching programmes for beginner skaters through to competitive skaters.
None of the skaters in this experiment had participated in the previous
experiments. The 6 participants in Group 1 (P1-P6) were 5 girls and 1 boy from
one skating club who were aged between 7 and 11 years at the start of the study
with an average age of 8.7 years. The participants in Group 2 (P7-P12) were 4
girls and 2 boys from a second skating club who were aged between 8 and 12
years with an average age of 9.2 years. Group 3 (P13-P18) was comprised of
skaters from two skating clubs and contained 6 girls aged between 7 and 12 years
with an average age of 9.0 years at the start of the study.

Apparatus
A stopwatch was used to time each minute. Some of the skating sessions
were also recorded on video using a Sony Handycam Vision camcorder.

Procedure

Forward crosses, as defined in Experiment 1, were the targeted skill for
this experiment. All skaters attending local beginner classes in the four skating
clubs involved were given an information sheet and consent form similar to that
used in Experiment 1. The general procedure used is shown in Figure 17 below.
At the beginning of the study, all skaters were told that the researcher was
interested in seeing how well they could perform the skill of forward crosses. At
the start of every session the researcher made sure that each participant could
perform a correct forward cross before they completed three 1-min timings. If
skaters had a high number of errors in any timed minute, they were given further
instruction on how to do the skill correctly before the next timed minute. Initially
each skater completed two of these sessions, five weeks apart. The researcher
recorded the number of correct and incorrect forward crosses completed by each
skater but did not share this information with any of the skaters. Following the
second session, performance rates were compared for skaters to ensure that the
rates were similar across potential groups. Once this had been confirmed, skaters
from one of the four clubs became Group 1, a group which engaged in sessions of
1-min timings and who were given a hard goal, and skaters from a second club

became Group 2 who completed the same number of sessions as Group 1 but were
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All children at four different beginner classes were given
an information sheet. Consent forms were received for 18
participants who were allocated to one of three groups.

I

Group 2 participants all
came from one
beginner class.

I

All skaters were told that the researcher was interested in seeing how well they
could perform forward crosses, i.e., they were told to “do your best”. Initially each
skater completed two sessions (with three timings or trials in each session). The
second session was completed five weeks after the first. At both sessions the
researcher recorded how many correct and incorrect forward crosses each skater
completed in each timing but this information was not given to the skaters. Every
skater was also instructed to count 1, 2 as they performed their forward crosses. This
was done to hinder skaters from spontaneously counting how many forward crosses
they completed.

| | |

From Session 3 \ K \ /P

Group 1 participants all
came from one
beginner class.

Group 3 participants
came from two different
beginner classes.

From Session 3 articipants in Group3

onwards, participants in
Group 1 were told at the
beginning of each
experimental session to
try and complete 60
correct forward crosses
in each timed minute.
Again, every skater was
also instructed to count
1, 2 as they performed
their forward crosses.
Each skater was told at
the end of each timing
(or trial) how many
forward crosses they
had done in that minute.
This group completed

\ 10 sessions in total. /

I

onwards, participants
in Group 2 continued
to be given the
instruction of “do your
best”. Again, every
skater was also
instructed to count 1, 2
as they performed
their forward crosses.
This group completed
10 sessions in total.

o

I

/

N

completed one more
session at the end of
the study, i.e., when
Groups 1 and 2 were
completing Session
10. Again, they were
told to “do your best”
and also instructed to
count 1, 2 as they
performed their
forward crosses. This
group completed 3
sessions in total.

)

I

At the final session all skaters were asked what goals they had
used, if any, during the experiment.

Figure 17. Flow diagram of procedure used in Experiment 5.
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simply instructed to do their best. These two groups then completed eight more
sessions.

At the beginning of Session 3 skaters in Groups 1 and 2 were told that they
would be practising forward crosses and should be able to perform them more
easily by the end of the experiment. At each following session the participants in
these groups practiced the skill of forward crosses for three 1-min durations,
during which they were asked to count 1,2,1,2 repetitively with each foot
placement as they practiced. This was to minimise the likelihood of them counting
either corrects or errors covertly during each practice minute. Group 1, the hard
goal group, was informed at the beginning of each session that they were aiming
to complete 60 forward crosses in a minute. They were also informed at the end of
each 1-min practice how many correct forward crosses they had completed. Group
2 was instructed simply to do their best.

The remaining skaters in the other two clubs became Group 3 and
completed one more session, similar to the two they had already completed, in the
same week that the first two groups completed their final session. Each skater was
asked at the final session what goals they had used, if any, during the experiment.

RESULTS

Figure 18 shows the data from the first two sessions and last session for
each skater in Groups 1, 2 and 3 and the average for each group. The x-axis
represents consecutive 1-min timings with three 1-min timings in each session.
The y-axis represents number completed in each minute. Correct forward crosses
are represented by circles and incorrect forward crosses are represented by
crosses. Bold vertical lines separate sessions. Two of six skaters (P4 and P5) in
Group 1 (who were given a hard goal in Session 3) showed small increases in
their rate of performance on correct forward crosses from Session 1 to Session 2.
Increases were also seen for three of the six skaters (P7, P9 and P10) in Group 2
(do your best over ten sessions) and four of the six skaters (P13, P14, P17 and
P18) in Group 3 (do your best over three sessions). Overall these increases were
small and similar in size for each group. From the second session to the last
session, large improvements were seen for all skaters in Group 1, smaller
increases were seen for five skaters in Group 2 and even smaller increases were

seen for two skaters in Group 3. On average, the increases were greatest for Group
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Figure 18. Individual performances and group averages are shown for the number
of correctly completed forward crosses (circles) and incorrectly completed
forward crosses (crosses) performed in a minute for timings in the first (M1),
second (M2) and tenth (M3) sessions for Groups 1 and 2, and in all three

completed sessions for Group 3. There were three timings in each session.
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1 and smallest for Group 3. Paired t-tests on the data for each group showed that,
with alpha set at .05, there was no significant difference between Session 1 and
Session 2 for any of the groups (Group 1, #5) = 0.727, Group 2, #(5) = 1.033, and
Group 3, #(5) = 1.049). These analyses also showed significant differences
between Session 2 and the last session for Group 1 (#(5) = 12.573) and Group
2(¢(5) = 4.062), but not for Group 3 (#(5) = 1.176).

The averages of the number correct, for each of the three sessions shown
in Figure 18, were calculated for each skater and compared using a repeated
measures ANOVA across groups. With alpha set at .05, there was a significant
difference across sessions, F(2,30) = 129.791 (partial #° = .896) and a significant
difference across groups F(2,15) = 4.908 (partial 4° = .396). The interaction of
groups and sessions was also statistically significant #(4,30) = 45.153 (partial #° =
.858). Table 7 shows the results of Scheffe post hoc analyses completed to
compare groups for each of the three sessions. These analyses showed no
significant differences between any of the pairs of groups in Session 1. Significant
differences were found between Group 1 (hard goal) and Group 3 (do your best
for three sessions) for Session 2 but Group 2 (do your best for ten sessions) was
not significantly different from either Group 1 or 3. By the last session, significant
differences were found between Group 1 and the other two groups, but not
between Groups 2 and 3. A box plot showing the average rates of performance
recorded for forward crosses during the first, second and last timings for each
group can be found in Appendix K.

Figure 19 shows the number of correct and incorrect forward crosses
completed for Group 1 over all sessions and timings. The x-axis represents
consecutive 1-min timings with three 1-min timings in each session. The y-axis
represents number completed per minute. Correct forward crosses are represented
by circles and incorrect forward crosses by crosses. A bold vertical line indicates
the five week break between Sessions 1 and 2 (these data were also presented in
Figure 18). When the goal of 60 was introduced in Session 3 an increase in the
rate of correct forward crosses can be seen for all skaters. Over the remaining
sessions, although a performance rate increase occurred for all skaters, the pattern
of change differed across skaters. The performance rate of P1 and P2 dropped
after they attained the goal in Session 4 and was variable across the remaining

sessions. P1 and P2 stopped reciting 1, 2, around Session 4 and although they
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Table 7. Scheffe post hoc analysis of group means. The hard goal group (Group 1)
and the do your best 8 group (Group 2) both completed ten sessions in total while

the do your best 3 group (Group 3) completed only 3 sessions in total. Statistically

significant differences are marked with an *.

Mean 95% Confidence

Difference Interval
Session () Group (J) Group (1-J)  Std. Error Sig. Lower  Upper
Bound  Bound
First Hard goal  do your best 10 -3.944 3.581 558 -13.662 5.773
Hard goal do your best3  -6.944 3.581 .187 -16.662 2.773
do your best 10 do your best3  -3.000 3581 .710 -12.718 6.718
Second Hard goal  do your best 10 -6.111 3.222 199 -14.855 2.632
Hard goal doyour best3 -9.500* 3.222 .032 -18.244  -.756
do your best 10 do your best3  -3.389 3.222 586 -12.132 5.355
Last Hard goal  doyourbest 10 32.944* 5.029 .000 19.298 46.591
Hard goal doyour best3 42.722* 5.029 .000 29.075 56.369
do your best 10 do your best3  9.778 5,029 .185 -3.870 23.425

were prompted to continue with this counting each time they stopped, they would
start but stop again before the timing finished. This happened over all the
remaining sessions. At the end of the experiment they both reported that counting
1, 2 had “slowed them down”. They also reported that they did not focus on
achieving the goal once they had “already done it” and that they had not set other
personal goals. The performance rates of the remaining four skaters in this group
steadily increased across sessions. These skaters all recited 1, 2, throughout the
experiment and reported at the end that they had been trying for 60 correct
repetitions per minute across all sessions. At the conclusion of the experiment,
these skaters also reported that once a goal of 60 had been set, they had set
additional personal goals of beating their previous high score. Five of the six
skaters in this group reached the goal of 60 before the last session.

Figure 20 shows the number of correct and incorrect forward crosses
completed for Group 2 on similar graphs to those in Figure 19. In all sessions the
participants in Group 2 were told to do their best and asked to recite 1, 2 as they
practised. All skaters continued to recite 1, 2, with foot placement across all

sessions. No skaters in this group reached the goal of 60 that had been set for the
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Figure 19. The number of correctly completed forward crosses (circles) and
incorrectly completed forward crosses (crosses) performed in each minute across
timings for Group 1. A bold vertical line between Sessions 1 (S1) and 2 (S2)
signifies a five week period between sessions and a broken vertical line represents
the introduction of a goal. Three timings were completed in each session with

participants being set a goal from Session 3 onwards of completing 60 correct
forward crosses in each minute.
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each session with participants being asked to ‘do your best’.
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first experimental group. With the exception of P7, all skaters showed some
improvement in their rate of performance across sessions. At the end of this study
no skaters in this group reported setting personal numerical goals for either errors
or corrects, but some skaters reported that they had set other goals such as “to
keep my head up”, “to stretch my free leg”, and “to keep my arms up level”.
These goals seemed to be related to the feedback given by the experimenter on
how they could improve their forward crosses.

Straight lines were fitted to the data from Session 2 onwards in Figures 19
and 20 by the method of least squares. Table 6 shows the resulting slopes and
intercepts of the lines for individual skaters from both Groups 1 and 2. Overall
there were differences in slope between Group 1 (M = 1.877, SD = 0.705) and
Group 2 (M =0.497, SD = 0.482). The intercepts of the lines for Group 1 (M =
12.351, SD = 17.548) were similar to those of Group 2 (M = 14.380, SD = 8.576).
Independent samples t-tests found that, with alpha set at .05, there was a
significant difference between slopes, #(10) = 3.956, but no significant difference
between intercepts #(10) = 0.254. A box plot showing the average slopes for each
group can be found in Appendix L.

Table 6. Slopes and intercepts for Group 1 (set goal of 60) and Group 2 (do your
best)

Skater  Group intercept  slope
1 39.246 0.857
1 27.993 1.384
1 -3.954 2.626
1 7.943 1.634
1 -3.470 2.573
1 6.348 2.187
2 21.518 0.055
2
2
2
2
2

27.507 0.376
12.511 -0.121
11.325 0.636
4.066 0.961
9.350 1.078

ol
SEBowoNourwN

DISCUSSION
This experiment examined the effects of different goals and the effects of

1-min timed practices, a form of deliberate practice, on the performance rates of
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roller skaters. Overall, skaters who were set a hard, specific goal ended with
higher rates of performance than those skaters asked to do their best, regardless of
the number of sessions completed. Skaters who completed 10 sessions of 1-min
practices also performed better than the group that completed fewer sessions of 1-
min practices.

While some aspects of the results here are similar to findings in the
previous experiments, other aspects are not. It is argued here that the differences
resulted because the design of the current study attempted to take account of the
issues raised by Locke (1991). The first of these issues was the need to try to
reduce the chance of spontaneous goal-setting in ‘do your best’ conditions. It was
found previously here that there was no difference in the slopes of the data paths
between skaters in Experiment 3 who were asked to do their best and skaters from
Experiment 1, who performed the same skills, and who were set a hard, specific
goal. It was possible that the skaters asked to simply do their best may have been
spontaneously setting harder goals. In the current experiment, skaters were asked
to count 1, 2 as they practiced. None of the participants who were asked to simply
do their best set numerical, or rate, goals and so it seems likely that this procedural
aspect ensured that spontaneous goal-setting was not a confound here, although
this does not confirm whether or not participants in previous experiments, who
were asked to simply do their best, set numerical goals.

Because counting 1, 2, might affect performance rates, the group who
were set a hard goal were also asked to count 1, 2, as they practiced. Two skaters
in this group, P1 and P2, stopped this repetitive counting as they reported that this
slowed them down. They were also the two skaters who showed the fastest
progress initially over sessions, while they were still counting 1, 2, repetitively,
but who showed the most variability. As a result these two skaters had the lowest
slope values in general over the eight sessions of goal setting. By comparing the
slopes of the data paths for those in Group 1 of this experiment (Table 8) and
those in Experiment 1 (Table 2), where goals were also set for the skill of forward
crosses, the resulting slopes are steeper for those skaters in the present study,
particularly if P1 and P2 are not considered. This difference in slopes suggests
that, overall, counting 1, 2 may have resulted in higher rates of change when
repetitive counting was used with a hard goal. However, the slopes of the data

paths obtained for Group 2, who were asked to simply do their best, were less
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steep than both Group 1 here and the skaters in Experiment 1, showing that
counting 1, 2, in the absence of goal setting did not result in faster changes in
performance across time. It is likely then, that it was other differences that were
responsible for the different rates of change seen in Experiments 1 and 5. One
main difference is the difficulty of the goal set. The original goal for skaters in
Experiment 1 was one of 50 forward crosses per minute, 10 repetitions less than
the hard goal set here. If goal difficulty is indeed a major factor influencing the
performance of individuals, the resulting difference in rates of change may be
attributable, then, to the discrepancy in the goals and not to the additional
counting. (A box plot showing the average slopes for one skill, forward crosses,
for two groups (Group 1 and Group 2) in Experiment 1, one group in Experiment
3, and two groups (Group 1 and Group 2) in Experiment 5 can be found in
Appendix M.)

A second major issue outlined by Locke (1991) is the need to measure
personal goals in order to interpret the results. Each participant here was asked at
the conclusion of the experiment if they set any personal goals. Some skaters in
Group 2 reported that they set themselves personal goals such as keeping their
arms up level as they practiced, or stretching their free leg. These goals do not fit
within the definition of a hard, specific goal and while these actions may have
improved the aesthetic performance of the skill, they did not affect the rate, i.e.,
fluency, at which the skill was performed, to the same degree as when a hard,
specific goal was set. As no participants in Groups 2 and 3, the do your best,
groups, set specific numerical goals, the classification into different groups, as
suggested by Locke and Latham (2002), was not required.

Four skaters from the current experiment, who were asked to aim for a
goal of 60 correct forward crosses in each minute, did set personal goals of trying
to beat their previous high score of correct forward crosses. However, in the goal-
setting literature this goal is also reported to be a hard, specific goal (Boyce et al.,
2001) and so this goal could be taken to be similar to the set goal of 60 per
minute. Overall, then, it is unlikely that, in this instance, the setting of these
personal goals influenced the results. Interestingly, the remaining two skaters in
this goal group, who reported that they did not set any personal goals, showed
variable rates of performance once they had reached the set goal of 60. If

precision teaching protocols were being followed, these two skaters would have
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been set another task or goal. When these two skaters reported they were focusing
on completing 60 forward crosses in later sessions, they were still able to achieve
this performance aim.

Locke (1991) suggests that set goals must be specific and at an appropriate
level of difficulty. The preset hard goal was certainly specific: completing 60
forward crosses in one minute. The question is whether or not it was of
appropriate difficulty. In Experiment 1, also using forward crosses, a goal of 50
had been set but it was thought that the performances of individuals in that
experiment indicated that this goal may have been set too low, even though it
would still be regarded as a hard goal in the goal-setting literature. While many of
the participants in Experiment 1 achieved the goal of 50, they failed to go on and
achieve higher rates even though other participants had shown that it was possible
to complete at least 70 correct forward crosses per minute. The results from the
current experiment suggest that the goal of 60 correct forward crosses per minute
was difficult, yet achievable, as five out of six participants given that goal
achieved it. All other participants in the remaining two groups, who were asked to
do their best, failed to reach 60 correct repetitions which suggests that this goal is
not one that can be achieved routinely. Therefore the results of this experiment
would suggest that 60 was an appropriate goal for this skill.

Another methodological issue raised by Locke (1991) is that experimental
groups need to start from similar baselines and this was achieved in the current
experiment. He also suggests that competition between participants can result in
personal goals being set, based on what another participant is achieving. It appears
that the procedure employed to reduce this occurring, i.e., participants receiving
only their own feedback and not hearing the feedback given to other participants,
did result in competition being kept to a minimum. As explained earlier, only four
skaters set numerical personal goals in addition to the hard goal they were given,
and these were based on their own performance rather than on the performance of
others.

Overall then it is argued that, through better procedural designs, the issues
raised by Locke (1991) and the methodological concerns of Experiments 2, 3 and
4 have been controlled for here. The combined results of all three groups in this
experiment support the previous findings in the goal-setting literature, that hard

goals result in better performances than when easy or no goals are used (Locke &
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Latham, 2002). Skaters in the hard, specific goal-setting group were set a
numerical goal, and did perform more fluently in the final session than the other
two groups who were asked to do their best.

Improvements were seen for the participants in Group 2, who were asked
to do their best and who completed the same number of sessions as the hard goal
group. These improvements were not seen for participants in Group 3 who were
also asked to do their best but completed only three sessions of 1-min timings, or
practices. Therefore it appears that more than three sessions is necessary to
observe effects of 1-min timings, a form of deliberate practice. This finding is
similar to that in Experiment 4, where it was also found that those participants
who did not have a hard, specific goal and who completed at least 8 sessions of 1-
min timings did better than those who completed only two sessions of 1-min
timings. However, findings in the current experiment also differed from those in
Experiment 4, where it was found that participants in a group given hard goals,
who completed the same number of sessions of 1-min timings, had lower
performances rates than those in a group asked to do their best. It was previously
suggested that this may have occurred in Experiment 4 because the group that was
set hard goals came from a different population to the other two groups used in
that experiment. In this experiment, care was taken to draw participants from
similar populations and the resulting data are comparable to those found in other
goal-setting studies. Therefore it seems likely that the differing populations in
Experiment 4 may have contributed to this finding.

One final issue worth discussing is the effect of differing amounts of
practice. It is likely that accumulated practice over sessions contributed to the
large differences between groups that were seen in the final session. An obvious
example of this is the comparison between Groups 2 and 3, where all participants
were told to simply do their best but where Group 2 completed seven more
sessions than Group 3. As a direct result Group 2 performed at a higher rate in the
final session. It should be further noted, however, that Group 1 accumulated the
greatest amounts of practice. Although they completed the same number of
sessions as Group 2, they were completing more repetitions within each session
once a goal was introduced. Therefore it could be argued that it was the amount of
practice and not the type of practice, i.e., paced versus non-paced practice, that

was responsible for the high rates of performance observed in the final session. To
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investigate this further each skater could have continued sessions until they had
each performed a pre-determined total number of forward crosses. However, as
Binder (2004) suggests, a less time-consuming procedure is more efficient and
therefore could be considered superior and in the current study the hard goal, or
paced practice, group reached higher rates of performance more quickly than the
group instructed to simply do their best.

In summary then, it was found that those skaters given a specific, hard
goal showed greater increases in performance rates than those skaters asked
simply to do their best. Further, both groups who engaged in ten sessions of 1-min
timings, a form of deliberate practice, showed greater increases in performance
rates over the same time period than a third group who completed only three
sessions of 1-min timings. It appears then that these two components of precision
teaching, goal-setting and timed practices, are effective in building fluent
performance, with timed practices being more effective when they are combined

with a specific, hard goal.

GENERAL DISCUSSION

The main aim of this research was to examine some components of
precision teaching to consider their contribution to the overall effectiveness of the
rate building procedure. The initial component studied here was the use of
feedback to students through celeration charts, an integral part of precision
teaching (Raybould & Solity, 1982; West et al., 1990; White, 1986). While charts
are reported to serve several different functions (Lindsley, 1971), findings from
this research were that giving feedback through charts did not accelerate the
performance of the targeted skills over and above that observed in the absence of
charting. It was possible that, due to the methodology used in Experiment 1, the
effects of charting one skill may have carried over to the second uncharted skill,
as such a carryover effect was seen within Experiment 3. However, the
comparison of data from Experiment 1 with those from Experiment 3, where the
same two skills but no charting was used, showed no differences in resulting
slopes of the data paths and it can be argued that charting, as used here, was
therefore not effective in accelerating performance rates, suggesting that feedback
from charting is not necessary for increasing performance rates, at least with the

skating skills and training environment used here. In making this statement
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however, it is also recognized that the effect of public posting, i.e., making the
charts available for others to see, was not done. Anderson, Crowell, Doman and
Howard (1988) and Ward and Carnes (2002) have previously considered this but,
as explained earlier, their findings were not conclusive. Further research then may
determine if charting is effective when charts are posted and opportunities are
available for discussion and comparison with peers.

The finding here is that feedback to the student from charts might not be
effective but it is possible that charting may be used for other reasons and have
other effects. Raybould and Solity (1988) state that

“If you are simply using probing and charting techniques but not
making changes where appropriate, either to the task or the teaching
method, that may be daily monitoring, precision recording even, but it is

not really precision teaching”. (p33)

Likewise charting may be useful for teachers as it provides a record and/or
overview of the student’s progress upon which they can make decisions for
further instruction. In these cases charting may provide indirect assistance in
accelerating performance rates even though the data here have shown that the
visual feedback from charting did not have a direct influence.

Celeration charts are semi-logarithmic, giving a linear data path when
performance rates change multiplicatively over time. Here non-logarithmic plots
were used to examine the change of performance over time as the data in
Experiment 1 formed a straighter line on non-logarithmic charts than on semi-
logarithmic charts. As presented earlier, Lindsley (1990) has stated that data
obtained as a result of using precision teaching should be multiplicative resulting
in a straight line on the celeration chart. One reason that this may not have
occurred in Experiment 1 is that as skaters neared a point where it became more
difficult physically to perform faster they often made smaller gains. In a typical
precision teaching setting they would likely be given a new task or goal. However,
for the purposes of research it had been decided that all participants should
complete a similar number of sessions. Therefore the continued smaller

improvements in the later sessions for many participants, resulting from this
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methodology, were better represented on non-logarithmic graphs. Similar graphs
were used in later experiments so that further comparisons could be made.

The second component of precision teaching studied here was the use of
performance aims, or goals. As explained earlier, there has not been any previous
precision teaching research done on the effect of performance aims, although it is
stated in the precision teaching literature that high performance aims maximize
learning (Koorland et al., 1990; Lindsley, 1992b). Therefore the current research
referred to the vast literature in the area of goal-setting and it was clear that a
precision teaching performance aim meets the criteria of being both a hard and
specific goal. While there are a large number of studies supporting the use of goal-
setting (Locke & Latham, 1990), mixed results were found here. However, in the
final experiment, where all methodological issues outlined by Locke and Latham
(1990) were addressed, as were those that that had arisen through the earlier
experiments, it was found that specific, difficult performance aims did result in
increased performance rates. However, it is difficult to separate out performance
aims, one component of the precision teaching procedure, from the other
components, in particular the components of repetitive practice and feedback. To
be certain that performance aims were effective in and of themselves, it was
necessary to demonstrate that greater improvement was seen when they were
included in the precision teaching method and this was shown in Experiment 5.

It is not clear why setting hard goals is most effective. From a behaviour
analysis perspective one interpretation of the situation might be that goals are
verbal discriminative stimuli which signify that, once achieved, consequences,
e.g., praise, will be available. Thus they fit the definition for a rule (Baum, 1994).
Differences in goal difficulty here reflected different rules being set and as a result
a hard goal here, such as achieve 60 per min, produced faster performance rates
than an easy goal, such as do your best, i.e. when the rule specified a criterion that
required fast performance this is what was achieved. Specifying a criterion also
means that it is possible to fail and to avoid failure here required a fast
performance. Under do-your-best conditions there wais no criterion specified,
therefore there was no requirement for faster performance and no way to fail to
achieve the goal. Thus achieving hard goals requires fast performance while do-
your-best goals do not. Where ‘success’ is valued and praised, hard goals should

function to change behaviour while do-your-best goals may not. It should be
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noted however that substantial increases in rate were also seen in the absence of
performance aims. Therefore the short, timed practice periods, a form of
deliberate practice, used in precision teaching were also studied. The general
finding was that short, timed practice periods resulted in the performance rates of
participants increasing over sessions, although a few participants failed to increase
their performance rates. These data show that time-practices alone can have an
effect.

A number of authors have suggested that precision teaching should be
used as a tool to measure the effectiveness of other teaching methods (Howell &
Lorson-Howell, 1990; Peterson et al., 1990; White, 1986). They suggest the
teaching method under study be applied and then the short, timed periods of
precision teaching and charting of the results can be used to see how effective the
targeted teaching method has been. The findings of this current research were that,
overall, short, timed practice periods themselves build fluency without any
additional teaching. It is argued therefore, that precision teaching is more than a
simple measuring tool, it is a teaching tool. If precision teaching were used over a
number of days to measure the effectiveness of another tool, any results would be
confounded because of the effectiveness of timed practices.

Alternatively, some authors (Binder, 1996; Binder & Watkins, 1990;
Brandstetter & Merz, 1978; Johnson, 1971; Kessissoglou & Farrell, 1995;
Lindsley, 1990) say they use precision teaching to make other teaching methods
more effective by producing fluent performance. The current findings suggest that
using timed practices will produce faster, or more fluent, performance as all five
experiments showed that those participants who engaged in at least 8 sessions of
timed practices did increase their fluency on targeted skills. Further, in
Experiments 4 and 5, those participants who completed only 2 or 3 sessions of
deliberate practice and who also engaged in related activities that used the
targeted skills, did not improve.

One aspect of the timed periods that was not researched here was the
optimum time duration for these practices with the present skills. It has been
reported by some authors (Binder, 1996; Binder et al., 1990; Lindsley, 1996) that
individuals reach higher levels of performance faster by keeping to shorter timed
periods of 1-min or less, at least initially. While the results here show that

deliberate practice with 1-min timings are effective, it is not possible to conclude
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that this length of time was the optimum. Therefore further research should
address this issue.

Finally, all five experiments here used a design where the targeted skill
was not changed during each experiment. As explained earlier, precision teachers
make changes to their teaching program when it is apparent that there are no
changes in the rate of a targeted behaviour for three consecutive sessions or if the
change of rate is in the wrong direction. For the purposes of examining the
effectiveness of selected components, instruction given to the participants in all
five experiments was kept simple and did not change. Participants were asked
simply to show that they could do one repetition correctly and were given further
instruction only if they were unable to do this. Therefore, any instruction beyond
retelling of the requirements to perform the skill correctly was minimal. It is
possible therefore that if participants had been given extra instruction, as is often
done in precision teaching when performance rates are not increasing fast enough,
that even greater changes in behaviour could have been seen.

The current research was also aimed at applying precision teaching
methods to sport, in this case roller skating and soccer, to examine whether its use
was effective in increasing the fluency of targeted skills in this area. As stated
previously, much of the literature around precision teaching has focused on
academic skills (Chiesa & Robertson, 2000; Kessissoglou & Farrell, 1995;
Lindsley, 1992a, 1992b). In the first experiment, where full precision teaching
methods were used, skaters showed significant progress from first to last sessions
suggesting that precision teaching methods may have been effective. Even when
parts of the precision teaching method were removed in later experiments, such as
charting and performance aims, increases in performance rates were seen,
showing that other components such as repetitive practice were effective alone in
increasing performance rate with the selected sporting skills.

However, taking precision teaching into a sporting area did produce a
problem of setting appropriate performance aims. Johnson and Layng (1996)
report that many performance aims, that reflect fluent performance, have already
been found for tasks within areas such as education, therapy, developmental
disabilities, and business and industry. These performance aims are found by
determining what rate a skilled person would perform the skill at. It would seem

that performance aims that reflect fluent performance for relevant skills accurately
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within sport should be found if precision teaching is to be used with sporting
skills. It is reported in the goal-setting literature that beating your previous high
score is also considered to be a hard goal, i.e., a beat your previous high score
goal would be of similar difficulty level to a performance aim. If this is so, it
seems possible that precision teachers could use this goal when a predetermined
performance aim is not available.

One problem that occurred as a result of using precision teaching and
similar fluency building methods within these sporting areas was that it was not
possible to carry out procedures on a daily basis, as is typically done, because
participants were unable to attend the sporting venues as regularly as they attend
school. It does seem unlikely however that performance gains would have been
less if the sessions had been held more frequently each week. Therefore the results
found here are likely to reflect what would have been found if sessions had been
held daily.

In summary, the current investigation has been a step towards examining
the effectiveness of selected components of precision teaching in building fluency.
It has also demonstrated the relations between aspects of precision teaching and
other literatures such as research on goal setting and deliberate practice. Three
components, charting, performance aims and 1-min timed practices, were studied
here. Overall, visual feedback to the participant from charting did not accelerate
performance rates over and above what was seen when charting was not used.
However, performance aims and 1-min practices did appear to have an effect with
skaters showing marked increases in performance rates of targeted skills when
these components were utilised. It is argued, then, that these two precision
teaching components effectively change behaviour. Further, the results here have
also shown that precision teaching, although most commonly used in educational

fields, can also be applied to the sports of roller skating and soccer.



95

REFERENCES

Alper, T. G., & White, O. R. (1971). Precision Teaching: A tool for the
school psychologist and teacher. Journal of School Psychology, 9(4), 445-454.

Anderson, D. C., Crowell, C. R., Doman, M., & Howard, G. S. (1988).
Performance posting, goal setting, and activity-contingent praise as applied to a
university hockey team. Journal of Applied Psychology February, 73(1), 87-95.

Ayers, S. K., Potter, R. E., & McDearmon, J. R. (1975). Using
reinforcement therapy and precision teaching techniques with adult aphasiacs.
Journal of behavior therapy and experimental psychiatry, 6(4), 301-305.

Baum, W. M. (1994). Understanding Behaviorism: Science, Behavior, and
Culture. New York: HarperCollins College Publishers.

Binder, C. (1987). Computing "fluency" and productivity. Managing End
User Computing, 4-5.

Binder, C. (1993). Behavioral fluency: a new paradigm. Educational
Technology, 33(10), 8-14.

Binder, C. (1996). Behavioral fluency: Evolution of a new paradigm.
Behavior Analyst, 19(2), 163-197.

Binder, C. (2001). Measurement: A few important ideas. Performance
Improvement, 40(3), 20-28.

Binder, C. (2004). A refocus on response-rate measurement: Comment on
Doughty, Chase, and OShields (2004). The Behavior Analyst, 27(2), 281-286.

Binder, C., Haughton, E., & Van Eyk, D. (1990). Increasing endurance by
building fluency: Precision teaching attention span. Teaching Exceptional
Children, 22(3), 24-27.

Binder, C., & Watkins, C. L. (1990). Precision Teaching and Direct
Instruction: Measurably superior instructional technology in schools. Performance
Improvement Quarterly, 3(4), 74-96.

Boyce, B. A. (1990). Effects of goal specificity and goal difficulty upon
skill acquisition of a selected shooting task. Perceptual and Motor Skills, 70, 1031-
1039.

Boyce, B. A, Johnston, T., Wayda, V. K., Bunker, L. K., & Eliot, J.
(2001). The effects of three types of goal setting conditions on tennis performance:



96

A field-based study., Journal of Teaching in Physical Education (Vol. 20, pp.
188): Human Kinetics Publishers, Inc.

Brandstetter, G., & Merz, C. (1978). Charting scores in Precision Teaching
for skill acquisition. Exceptional Children, 45(1), 42-48.

Brett, J. F., & VandeWalle, D. (1999). Goal orientation and goal content as
predictors of performance in a training program. Journal of Applied Psychology,
84(6), 863.

Burton, D., & Naylor, S. (2002). The Jekyll/Hyde nature of goals:
Revisiting and updating goal-setting in sport.

Chiesa, M., & Robertson, A. (2000). Precision Teaching and fluency
training: making maths easier for pupils and teachers. Educational Psychology in
Practice, 16(3).

Donovan, J. J., & Williams, K. J. (2003). Missing the mark: Effects of time
and causal attributions on goal revision in response to goal-performance
discrepancies. Journal of Applied Psychology, 88(3), 379.

Dougherty, K. M., & Johnston, J. M. (1996). Overlearning, fluency, and
automaticity. The Behavior Analyst, 19(2), 289-292.

Doughty, S. S., Chase, P. N., & Shields, E. M. (2004). Effects of rate
building on fluent performance: A review and commentary. The Behavior Analyst,
27(1), 7-23.

Earley, P. C., Connolly, T., & Ekgren, G. (1989). Goals, strategy
development, and tack performance: Some limits on the efficacy of goal setting.
Journal of Applied Psychology, 74(1), 24.

Earley, P. C., & Lituchy, T. R. (1991). Delineating goal and efficacy
effects: A test of three models. Journal of Applied Psychology, 76(1), 81.

Ericsson, K. A., & Charness, N. (1994). Expert performance: Its structure
and acquisition. American Psychologist August, 49(8), 725-747.

Fairall, D. G., & Rodgers, W. M. (1997). The effects of goal-setting
method on goal attributes in athletes: A field experiment. Journal of Sport and
Exercise Psychology, 19(1), 1-16.

Galloway, C., & Galloway, K. C. (1971). Parent classes in precise behavior
management. Teaching Exceptional Children, 3(3), 120-128.

Getz, G. E., & Rainey, D. W. (2001). Flexible short-term goals and
basketball shooting performance. Journal of Sport Behavior, 24(1), 31.



97

Gilliland, S. W., & Landis, R. S. (1992). Quality and quantity goals in a
complex decision task: Strategies and outcomes. Journal of Applied Psychology,
77(5), 672.

Hall, H. K., Weinberg, R. S., & Jackson, A. (1987). Effects of goal
specificity, goal difficulty, and information feedback on endurance performance.
Journal of Sport Psychology, 9, 43-54.

Hatzigeorgiadis, A., & Biddle, S. (1999). The effects of goal orientation
and perceived competence on cognitive interference during tennis... Journal of
Sport Behavior, 22(4), 479.

Howell, K. W., & Lorson-Howell, K. A. (1990). What's the hurry?:
Fluency in the classroom. Teaching Exceptional Children, 22(3), 20-23.

Iwata, B. A., Smith, R. G., & Michael, J. (2000). Current research on the
influence of establishing operations on behavior in applied settings. Journal of
Applied Behavior Analysis, 33(4), 411-418.

Johnson, E. C. (1971). Precision teaching helps children learn. Teaching
Exceptional Children, 3(3), 106-110.

Johnson, K. R. (1997). Morningside Academy. Behavior and Social Issues,
7(1), 31-35.

Johnson, K. R., & Layng, T. V. (1996). On terms. The Behavior Analyst,
19(2), 281-288.

Johnson, K. R., & Layng, T. V. J. (1992). Breaking the structuralist barrier:
Literacy and numeracy with fluency. American Psychologist November, 47(11),
1475-1490.

Joyce, B. (1988). Precision Teaching: A Manual for Classroom Teachers.

Joyce, B., & Moxley, R. A. (1988). August Dvorak (1894-1975): Early
expressions of applied behavior analysis and precision teaching. The Behavior
Analyst, 11(1(Spring)), 33-40.

Kanfer, R., & Ackerman, P. L. (1989). Motivation and cognitive abilities:
An integrative/aptitude-treatment interaction approach to skill acquisition. Journal
of Applied Psychology, 60(122-124).

Kanfer, R., & Ackerman, P. L. (1994). Goal setting, conditions of practice
and task performance: A resource allocation perspective. Journal of Applied
Psychology, 79(6), 826.



98

Kessissoglou, S., & Farrell, P. (1995). Whatever happened to precision
teaching? British Journal of Special Education, 22(2), 60-63.

Koenig, C. (1971). The Behavior Bank: A system for sharing precise
information. Teaching Exceptional Children, 3(3), Records-Forms.

Koorland, M. A., Keel, M. C., & Ueberhorst, P. (1990). Setting aims for
precision learning. Teaching Exceptional Children, 22(3), 64-66.

Kozlowski, S. W. J., Gully, S. M., Brown, K. G., Salas, E. S., M., E., &
Nason, E. R. (2001). Effects of training goals and goal orientation traits on
multidimensional training outcomes and... Organizational Behavior & Human
Decision Processes, 85(1), 1.

Kubina, R. M. (2000). Fluency in education. Behavior and Social Issues,
10, 83-99.

Kubina, R. M. (2005). The relations among fluency, rate-building, and
practice: A response to Doughty, Chase, and O'Shields (2004). The Behavior
Analyst, 28(1), 73-76.

Kubina, R. M., & Morrison, R. S. (2000). Fluency in education. Behavior
and Social Issues, 10, 83-99.

Kuhn, M., R, & Stahl, S. A. (2003). Fluency: A review of developmental
and remedial practices. Journal of Educational Psychology, 95(1), 3-21.

Laraway, S., Snycerski, S., Michael, J., & Poling, A. (2003). Motivating
operations and terms to describe them: Some further refinements. Journal of
Applied Behavior Analysis, 36(3), 407-414.

Latham, G. P., & Baldes, J. J. (1975). The “Practical Significance" of
Locke's theory of goal setting. Journal of Applied Psychology, 60(1), 122.

Latham, G. P., & Kinne, S. B. (1974). Improving job performance through
training in goal setting. Journal of Applied Psychology, 59(2), 187.

Latham, G. P., & Locke, E. A. (1979). Goal setting-A motivational
technique that works. Organizational Dynamics, 8(2), 68.

Latham, G. P., & Marshall, H. A. (1982). The effects of self-set,
participatively set and assigned goals on the performance of government
employees. Personnel Psychology, 35(2), 399.

Latham, G. P., & Seijts, G. H. (1999). The effects of proximal and distal
goals on performance on a moderately complex task. Journal of Organizational
Behavior, 20(4), 421.



99

Lee, F. K., Sheldon, K. M., & Turban, D. B. (2003). Personality and the
goal-striving process: The influence of achievement goal patterns, goal level, and
mental focus on performance and enjoyment. Journal of Applied Psychology,
88(2), 256.

Le-Grice, B., Mabin, T., & Graham, S. (1999, November 29-December 2,
1999). I can do maths: Changing children's mathematics percentile ranking. Paper
presented at the Combined Annual Meeting of the Australian Association for
Research in Education and the New Zealand Association for Research in
Education, Melbourne, Australia.

Lindsley, O. (1971). Precision teaching in perspective: an interview with
Ogden Lindsley. Teaching Exceptional Children, 3(2), 114-1109.

Lindsley, O. (1990). Precision teaching: by teachers for children. Teaching
Exceptional Children, 22(3), 10-15.

Lindsley, O. R. (1990). Precision teaching: By teachers for children.
Teaching Exceptional Children, 22(3), 10-15.

Lindsley, O. R. (1992a). Why aren't effective teaching tools widely
adopted? Journal of Applied Behavior Analysis, 25(Spring), 21-26.

Lindsley, O. R. (1992b). Precision teaching: discoveries and effects.
Journal of Applied Behavior Analysis, 25(1), 51-57.

Lindsley, O. R. (1996). The four free-operant freedoms. Behavior Analyst,
19(2), 199-210.

Locke, E. A. (1968). Effects of knowledge of results, feedback in relation
to standards, and goals on reaction-time performance. The American Journal of
Psychology, 81(4), 566-576.

Locke, E. A. (1991). Problems with goal-setting research in sports - and
their solution. Journal of Sport and Exercise Psychology, 13, 311-316.

Locke, E. A. (1993). Facts and fallacies about goal theory. Psychological
Science, 4(1), 63.

Locke, E. A. (1994). Comments on Weinberg and Weigand. Journal of
Sport and Exercise Psychology, 16(2), 212-215.

Locke, E. A., & Bryan, J. F. (1966). The effects of goal setting, rule
learning, and knowledge of score on performance. American Journal of
Psychology, 79, 451-457.



100

Locke, E. A., & Bryan, J. F. (1968). Goal-setting as a determinant of the
effect of knowledge of score on performance. The American Journal of
Psychology, 81(3), 398-406.

Locke, E. A., & Latham, G. P. (1985). The application of goal setting to
sports. Journal of Sport Psychology, 7, 205-222.

Locke, E. A., & Latham, G. P. (1990). 4 theory of goal setting and task
performance. Englewood Cliffs: Prentice Hall.

Locke, E. A., & Latham, G. P. (2002). Building a practically useful theory
of goal setting and task motivation. American Psychologist, 57(9), 705.

Locke, E. A., Shaw, K. N., Saari, L. M., & Latham, G. P. (1981). Goal
setting and task performance 1969-1980. Psychological Bulletin, 90, 125-152.

Lovitt, T. C., Fister, S., Freston, J. L., Kemp, K., Moore, R. C., Schroeder,
B., & Bauernschmidt, M. (1990). Translating research. Teaching Exceptional
Children, 16-19.

Mayfield, K., & Chase, P. (2002). The effects of cumulative practice on
mathematics problem solving. Journal of Applied Behavior Analysis, 35(2), 105-
123.

McDade, C. E., & Goggans, L. A. (1993). Computer-based precision
learning: Achieving fluency with college students. Education & Treatment of
Children, 16(3), 290.

McGill, P. (1999). Establishing operations: Implications for the
assessment, treatment, and prevention of problem behavior. Journal of Applied
Behavior Analysis, 32(3), 393-418.

Meacham, M.-L., & Wiesen, A.-E. (1969). Changing classroom behavior:
A manual for Precision Teaching.

Michael, J. (2000). Implications and refinements of the establishing
operation concept. Journal of Applied Behavior Analysis, 33(4), 401-410.

Oddsson, F. (1998). Fluency and controlled-operant training methods.
Unpublished Masterate, West Virginia University, U.S.A.

Peladeau, N., Forget, J., & Gagne, F. (2003). Effect of paced and unpaced
practice on skill application and retention: How much is enough? American
Educational Research Journal, 40(3), 769-801.

Peterson, S. K., Scott, J., & Sroka. (1990). Using the language experience
approach with precision. Teaching Exceptional Children, 22(3), 28-31.



101

Polson, D. (2003, 22-Oct-2002). Precision teaching module [Web page].
Retrieved 19 September, 2003, from the World Wide Web:
http://psych.athabascau.ca/html/387/OpenModules/Lindsley/

Raybould, E. C., & Solity, J. E. (1988). Precision Teaching ... and all that!
British Journal of Special Education, 15(1), 32-33.

Raybould, T., & Solity, J. (1982). Teaching with precision. Special
Education: forward trends, 9(2), 9-13.

Rizzo, T., Woodard, R., Ozmun, J. C., Piletic, C. K., Faison-Hodge, J., &

Sayers, L. K. (2003). A review of goal setting and task performance. Adapted
Physical Activity Quarterly, 20(2), 207.

Ryle, G. (1949). The Concept of Mind. Chicago: University of Chicago
Press.

Seijts, G. H. (2001). Setting goals. Ivey Business Journal, 65(3), 40.

Smith, M., & Lee, C. (1992). Goal setting and performance in a novel
coordination task: Mediating mechanisms. Journal of Sport and Exercise

Psychology, 14, 169-176.

Speelman, C., & Mayberry, M. (1998). Automaticity and skill acquisition.
In C. MacLeod (Ed.), Implicit and Explicit Mental Processes (pp. 79-98). London:
Lawrence Erlbaum Associates.

Spence, 1., & Hively, W. (1993). What makes Chris practice? Educational
Technology, 33(10), 15-20.

Steinberg, G. M., Singer, R. N., & Murphey, M. (2000). The benefits to
sport achievement when a multiple goal orientation is emphasized. Journal of
Sport Behavior, 23(4), 407.

Strang, H. R., Lawrence, E. C., & Fowler, P., C. (1978). Effects of
assigned goal level and knowledge of results on arithmetic computation: A
laboratory. Journal of Applied Psychology, 63(4), 446.

Thill, E. E., & Cury, F. (2000). Learning to play golf under different
conditions: their effects on irrevelant thoughts and on subsequent control
strategies. European Journal of Social Psychology, 30, 101-122.

Turner, J. C., Midgley, C., Meyer, D. K., Gheen, M., Anderman, E. M.,
Kang, Y., Patrick, H., & . (2002). The classroom environment and students' reports
of avoidance strategies in mathematics: A multimethod study. Journal of
Educational Psychology March, 94(1), 88-106.



102

Vance, R. J., & Colella, A. (1990). Effects of two types of feedback on
goal acceptance and personal goals. Journal of Applied Psychology, 75(1), 68.

Vancouver, J. B., Thompson, C. M., & Williams, A. A. (2001). The
changing signs in the relationships among self-efficacy, personal goals, and
performance. Journal of Applied Psychology, 86(4), 605-620.

Wanlin, C. M., Hrycaiko, D. W., Martin, G. L., & Mahon, M. (1997). The
effects of a goal-setting package on the performance of speed skaters. Journal of
Applied Sport Psychology, 9(2), 212-228.

Ward, P., & Carnes, M. (2002). Effects of posting self-set goals on
collegiate football players' skill execution during practice and games. Journal of
Applied Behavior Analysis, 35(1), 1-12.

Weinberg, R. S. (2002). Goal setting in sport and exercise:Research to
practice. In W. B. Britton (Ed.), Exploring Sport and Exercise Psychology (pp. 25-
48). Washington DC: Merican Psychological Association.

Weinberg, R. S., Bruya, L. D., Jackson, A., & Garland, H. (1986). Goal
difficulty and endurance performance: A challenge to goal attainability
assumption. Journal of Sport Behavior, 10, 81-91.

Weinberg, R. S., Bruya, L. D., Longino, J., & Jackson, A. (1988). Effect of
goal proximity on endurance performance of primary-grade children. Journal of
Sport & Exercise Psychology, 10, 81-91.

West, R. P., Young, K. R., & Spooner, F. (1990). Precision Teaching. An
Introduction. Teaching Exceptional Children, 22(3), 4-9.

White, O. R. (1986). Precision teaching - precision learning. Exceptional
Children, 56(6), 522-534.

White, O. R., & Haring, N. G. (1980). Exceptional Teaching (Second ed.).
Columbus: Charles E. Merril Publishing Co.

Yawkey, T. D., & O'Meara, K. R. (1974). Precision techniques in the
management of children's behavior in an open education classroom. Instructional
Psychology, 1(4), 9-17.



103

APPENDIX A
Information sheet for participants and their parents.

My name is Trudy Pocock and I have been involved in the sport of
rollerskating for about 14 years. | have been a skater in and captained the first N.Z.
precision skating team to compete at the World Championships. | have also been a
judge and referee, being one of the youngest judges in the World to attain my
Class A judging qualifications. But what I enjoy the most now is coaching. |
initially started coaching in Cambridge when | first came here as a primary school
teacher in 1991. Since then | have had skating students reach national and
international levels of skating. It takes a lot of hard work to reach this level of
skating and 1I’m interested in how | can teach skaters the skills they need to
become competent faster and more easily.

As part of my doctoral studies at the University of Waikato | am looking at
methods that help young skaters to skate faster and more accurately, thereby
producing fluent performance. Those of you who drive cars may well remember
the difficulties you initially had when you first learnt to change gears, just as our
new skaters are having difficulties keeping their feet co-ordinated. Now it is likely
that you can change gears while doing other activities such as holding a
conversation. You could say that your changing of gears is now fluent, as you can
now perform it easily and accurately. It is this level of fluency that | would like
our skaters to achieve.

The research that has been done so far on producing fluent performance
shows that when basic skills become fluent, more complex skills (that use those
basic skills) are learnt faster and are also done more easily. In terms of skating,
two of the most basic skills (after learning to stay upright!) are skating forwards
and skating backwards. Most other skills are reliant on at least one of these. For
this reason | would like to start my research by teaching these two skills using two
different fluency-training methods.

We do not know for certain yet which of the two methods of fluency-
training will bring about fluency faster. Therefore I will be using both methods
with each skater, one for forward skating, one for backward skating. It is likely
that we will need up to ten sessions of half an hour each. These sessions will be
entirely free of charge and will be held at a time convenient to you. By the end, all
skaters should have mastered both forward and back skating, regardless of the
training method. It is likely that there will be opportunities for the skaters to take
part in further research if the skater would like to continue at the end of this initial
study. Also you should know that the skaters’ participation in this study in no way
affects the opportunities they have to attend other sessions, for example the
beginner sessions, which the club runs. The skater is also able to withdraw for any
reason from participating in the research at any time.

If you have any questions about participating or about the study itself please feel free to
contact me or my supervisors. Otherwise, if you would like your child to take part, please fill
out the consent form and return this to me when you next come to the rink. On receiving the
consent form | will also be asking any skater that will be participating for their personal
verbal consent as they will very much be a part of the study!

Here are my contact details along with those of my supervisors:

Trudy Pocock Home: 823 7000 Work: 838 4466 ext 6315

AProf Mary Foster Work: 838 4466 ext 8400

Dr James McEwan Work: 838 4466 ext 8295
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APPENDIX B

University of Waikato
Psychology Department

CONSENT FORM

PARTICIPANT’S COPY

Research Project: Fluency and Precision Teaching

Name of Researcher: Trudy Pocock

Name of Supervisor: Associate Professor Mary Foster

I have received an information sheet about this research project or the researcher
has explained the study to me. | have had the chance to ask any questions and
discuss my participation with other people. Any questions have been answered to
my satisfaction.

| agree to participate in this research project and | understand that I may withdraw
at any time. If | have any concerns about this project, I may contact the convenor
of the Research and Ethics Committee.

Participant’s Name: Signature: Date:

University of Waikato
Psychology Department

CONSENT FORM

RESEARCHER’S COPY

Research Project: Fluency and Precision Teaching

Name of Researcher: Trudy Pocock

Name of Supervisor: Associate Professor Mary Foster

I have received an information sheet about this research project or the researcher
has explained the study to me. | have had the chance to ask any questions and
discuss my participation with other people. Any questions have been answered to
my satisfaction.

| agree to participate in this research project and | understand that I may withdraw
at any time. If | have any concerns about this project, I may contact the convenor
of the Research and Ethics Committee.

Participant’s Name: Signature: Date:
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Box plot showing the average slopes for two skills, forward crosses and back
scissors, for each group in Experiment 1. Group 1 charted forward crosses and

Group 2 charted back scissors.
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Box plot showing the average rate of performance recorded for two skills, forward
crosses and back scissors, during the first and last timings for each group in
Experiment 1. Group 1 charted forward crosses and Group 2 charted back

scissors.
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APPENDIX E

Box plot showing the average slopes for each group in Experiment 2. Group 1
were aiming to do better than their previous session while Group 2 was aiming to
complete 70 back crosses in one minute.

1.2

1.1

1.0 1

Slope
(o]

N = 5 5
1: Do better 2: Complete 70

Group



108

APPENDIX F

Box plot showing the average rate of performance recorded for back crossfronts
during the first and last timings for each group in Experiment 2. Group 1 were
aiming to do better than their previous session while Group 2 was aiming to
complete 70 back crosses in one minute.
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APPENDIX G

Box plot showing the average slopes for two skills, forward crosses and back
scissors, for each group in Experiment 1 and for skaters in Experiment 3.
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Box plot showing the average rate of performance recorded for two skills, forward
crosses (FC) and back scissors (BS), during the first and last timings for each
group in Experiment 1 and skaters in Experiment 3.
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Box plot showing the average rate of performance recorded during the first and
last timings for each group of participants in Experiment 4 who dribbled a soccer
ball in and out of cones. Two groups were asked to do their best while the other
group was given a hard goal of beating their previous highest score. Two groups,
one of which was the hard goal group, completed at least 8 sessions with three 1-
min timings being completed in each session while the remaining group, who
were told to do their best, completed only two sessions with three 1-min timings
being completed in each session.
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APPENDIX ]

Box plot showing the average slopes for one skill, to dribble a soccer ball in and
out of cones, for two groups in Experiment 4. One group was asked to do their
best while the other group was given a hard goal of beating their previous highest
score. Both groups completed at least 8 sessions with three 1-min timings being
completed in each session.
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APPENDIX K

Box plot showing the average rate of performance recorded for one skill, forward
crosses, during the first, second and last sessions for each group in Experiment 5.
Group 1 was asked to complete 60 forward crosses in one minute while Groups 2
and 3 were asked to do their best. Groups 1 and 2 completed 10 sessions with
three 1-min timings in each session while Group 3 completed only 3 sessions with
three 1-min timings in each session.

80
1
60 -
)
S
g | Group
= 40 @)
8_ Dl: Hard goal
Q
o 10 sessions
o [
20 - —" T O 1 |:|2: Do your best
% T o J_ 10 sessions
Ijgc |:|3: Do your best
1 T
0 @) | ' ' 3 sessions
N= 6 6 6 6 6 6 6 6 6
First Second Last

Session



114

APPENDIX L

Box plot showing the average slopes, for Session 2 to Session 10, for one skill,
forward crosses, for two groups (Group 1 and Group 2) in Experiment 5. Three 1-
min timings were completed in each session.
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APPENDIX M

Box plot showing the average slopes for one skill, forward crosses, for two groups
(Group 1 and Group 2) in Experiment 1, one group in Experiment 3, and two

groups (Group 1 and Group 2) in Experiment 5. Eight sessions, where three 1-min
timings were completed in each session, were used in the analysis for each group.
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APPENDIX N

The raw data for each participant in Experiment 1. The participant number
(Participant), the experimental group (Group), the session number (Session), the
timing number (Timing), the number of correct forward crosses completed in 1-
min (CFC), the number of incorrect forward crosses completed in the same minute
(IFC), the number of correct back scissors completed in a minute (CBS) and the
number of incorrect back scissors completed in the same minute (IBS).

Participant Group Session Timing CFC IFC CBS IBS
P1 Group 1 1 1 30 0 51 1
P1 Group 1 1 2 33 0 49 0
P1 Group 1 1 3 33 1 47 1
P1 Group 1 2 1 36 0 50 1
P1 Group 1 2 2 35 0 53 1
P1 Group 1 2 3 36 0 58 0
P1 Group 1 3 1 45 0 58 2
P1 Group 1 3 2 46 0 66 0
P1 Group 1 3 3 47 0 65 2
P1 Group 1 4 1 55 0 75 0
P1 Group 1 4 2 56 0 79 1
P1 Group 1 4 3 59 0 81 0
P1 Group 1 5 1 53 0 75 0
P1 Group 1 5 2 55 0 83 0
P1 Group 1 5 3 59 0 84 1
P1 Group 1 7 1 57 0 89 0
P1 Group 1 7 2 59 0 97 0
P1 Group 1 7 3 66 0 99 0
P1 Group 1 8 1 67 0 92 2
P1 Group 1 8 2 67 0 98 1
P1 Group 1 8 3 68 0 100 1
P1 Group 1 9 1 66 0 97 2
P1 Group 1 9 2 68 0 99 2
P1 Group 1 9 3 70 0 101 1
P1 Group 1 10 1 70 0 94 2
P1 Group 1 10 2 68 0 97 0
P1 Group 1 10 3 64 0 90 0
P2 Group 1 1 1 38 2 38 2
P2 Group 1 1 2 42 2 39 3
P2 Group 1 1 3 42 0 43 1
P2 Group 1 2 1 47 1 48 1
P2 Group 1 2 2 32 1 49 1
P2 Group 1 2 3 43 0 54 2
P2 Group 1 3 1 43 6 62 0
P2 Group 1 3 2 49 1 58 1
P2 Group 1 3 3 49 0 59 1
P2 Group 1 4 1 58 1 64 1
P2 Group 1 4 2 60 0 71 0
P2 Group 1 4 3 62 0 73 0
P2 Group 1 5 1 54 0 78 0
P2 Group 1 5 2 56 0 79 0
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APPENDIX O

Raw scores obtained for three observers who watched 21 different timed minutes
of forward crosses that had been recorded onto a video tape during Experiment 1.
Observation number (Observation), number of correct forward crosses observed
by Observer 1 (Obl C), number of incorrect forward crosses observed by
Observer 1 (Obl I), number of correct forward crosses observed by Observer 2
(Ob2 C), number of incorrect forward crosses observed by Observer 2 (Ob2 1),
number of correct forward crosses observed by Observer 3 (Ob3 C), and number
of incorrect forward crosses observed by Observer 3 (Ob3 ).

Observation Obl1C Obll Ob2C Ob2l Ob3C Ob3l

1 31 1 33 1 32 1
2 65 1 65 1 65 1
3 22 4 22 4 23 3
4 61 3 61 2 62 1
5 22 2 23 1 23 1
6 30 11 25 19 29 17
7 16 4 19 2 20 1
8 6 12 7 13 6 12
9 40 6 43 3 44 1
10 3 2 3 2 3 2
11 37 15 47 10 47 10
12 12 13 12 13 14 11
13 34 9 40 5 40 5
14 11 0 11 0 11 0
15 41 4 47 3 47 1
16 14 4 16 4 16 3
17 33 4 36 2 36 2
18 31 3 31 1 33 2
19 48 0 48 0 48 0
20 4 2 4 2 4 2
21 52 4 60 0 60 1
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APPENDIX P

Raw scores obtained for three observers who watched 21 different timed minutes
of back scissors that had been recorded onto a video tape. Observation number
(Observation), number of correct back scissors observed by Observer 1 (Obl C),
number of incorrect back scissors observed by Observer 1 (Ob1 1), number of
correct back scissors observed by Observer 2 (Ob2 C), number of incorrect back
scissors observed by Observer 2 (Ob2 1), number of correct back scissors
observed by Observer 3 (Ob3 C), and number of incorrect back scissors observed
by Observer 3 (Ob3 1).

Observation Obl1C Obll Ob2C Ob2l Ob3C Ob3l

1 41 1 41 1 41 1
2 89 2 92 0 92 0
3 32 6 32 4 34 4
4 77 0 80 0 80 0
5 21 2 23 0 21 2
6 32 1 32 2 32 1
7 26 0 25 0 26 0
8 8 5 8 4 10 3
9 30 3 34 1 32 1
10 6 15 5 14 6 15
11 31 1 31 1 31 1
12 15 6 15 4 15 4
13 43 3 43 3 43 3
14 17 3 17 4 17 4
15 52 1 53 2 51 4
16 7 4 7 4 7 4
17 31 2 30 1 33 1
18 23 6 26 6 24 6
19 54 2 51 1 54 1
20 11 8 13 7 14 6
21 29 2 32 2 31 2



The raw data for each participant in Experiment 2. The participant number

APPENDIX Q
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(Participant), the experimental group (Group), the session number (Session), the
timing number (Timing), the number of correct back crosses completed in 1-min
(Correct), and the number of incorrect back crosses completed in the same minute

(Incorrect).
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APPENDIX R

Raw scores obtained for two observers who watched 20 different timed minutes of
back crosses that had been recorded onto a video tape during Experiment 2.
Observation number (Observation), number of correct back crosses observed by
Observer 1 (Obl C), number of incorrect back crosses observed by Observer 1
(Ob1 1), number of correct back crosses observed by Observer 2 (Ob2 C), and
number of incorrect back crosses observed by Observer 2 (Ob2 I).

Observation Obl1C Obll Ob2C Ob2l1

1 31 1 33 1
2 65 1 65 1
3 22 4 22 4
4 61 3 61 2
5 22 2 23 1
6 30 11 25 19
7 6 12 7 13
8 40 6 43 3
9 3 2 3 2
10 37 15 47 10
11 12 13 12 13
12 34 9 40 5
13 11 0 11 0
14 41 4 47 3
15 14 4 16 4
16 33 4 36 2
17 31 3 31 1
18 48 0 48 0
19 4 2 4 2
20 52 4 60 0
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APPENDIX S

Each participant’s raw data for Experiment 3. The participant number
(Participant), the condition (Condition), the session number (Session), the timing
number (Timing), the number of correct forward crosses completed in 1-min
(CFC), the number of incorrect forward crosses completed in the same minute
(IFC), the number of correct back scissors completed in a minute (CBS) and the
number of incorrect back scissors completed in the same minute (IBS).

w

Participant Condition Session Timing CFC IFC CBS IB
P1 1 1 1 29 1 20 2
P1 1 1 2 31 8 23 0
P1 1 1 3 26 7 20 0
P1 1 2 1 37 1 22 1
P1 1 2 2 39 2 22 0
P1 1 2 3 35 2 22 2
P1 1 3 1 40 4 25 1
P1 1 3 2 38 3 28 0
P1 1 3 3 36 3 26 0
P1 1 4 1 44 1 29 0
P1 1 4 2 44 1 27 0
P1 1 4 3 42 1 33 0
P1 1 5 1 42 3 34 0
P1 1 5) 2 43 0 28 1
P1 1 5 3 44 1 33 0
P1 1 6 1 41 0 31 0
P1 1 6 2 48 0 30 0
P1 1 6 3 43 0 36 0
P1 1 7 1 47 1 29 0
P1 1 7 2 45 0 31 0
P1 1 7 3 42 1 34 0
P1 1 8 1 45 1 39 0
P1 1 8 2 46 1 51 0
P1 1 8 3 46 1 50 0
P1 1 9 1 14 0 45 0
P1 1 9 2 47 0 40 0
P1 1 9 3 48 0 42 0
P1 1 10 1 48 0 39 0
P1 1 10 2 50 0 40 0
P1 1 10 3 47 0 40 0
P1 2 11 1 52 0 48 0
P1 2 11 2 57 0 48 0
P1 2 11 3 60 0 46 0
P1 2 12 1 58 0 52 0
P1 2 12 2 68 0 50 0
P1 2 12 3 67 0 52 0
P1 2 13 1 46 0 43 1
P1 2 13 2 42 0 34 0
P1 2 13 3 A7 0 39 0
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APPENDIX'T

Each participant’s raw data for Experiment 4. The participant number
(Participant), the group (Group), the session number (Session), the timing number
(Timing), the number of cones passed correctly in 1-min (Correct), and the
number of cones passed incorrectly in the same minute (Incorrect).

Participant Group  Session Timing  Correct  Incorrect
1 1 1 1 19 0
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APPENDIX U

Raw scores obtained for two observers who watched 10 different timed minutes of
participants dribbling a soccer ball in and out of cones during Experiment 4.
Observation number (Observation), number of cones passed correctly observed by
Observer 1 (Ob1 C), number of cones passed incorrectly observed by Observer 1
(Ob1 1), number of cones passed correctly observed by Observer 2 (Ob2 C), and
number of cones passed incorrectly observed by Observer 2 (Ob2 ).

Observation Obl1C Obll Ob2C Ob2l1

1 31 3 33 2
2 25 1 25 1
3 22 4 22 4
4 31 3 30 4
5 22 2 23 1
6 30 4 30 4
7 16 0 16 0
8 30 5 32 3
9 12 2 13 2
10 17 0 17 0
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APPENDIX V

Each participant’s raw data for Experiment 5. The participant number (Participant), group
(Group), the condition (Condition), the session number (Session), the timing number
(Timing), the number of correct forward crosses completed in 1-min (CFC), the number of
incorrect forward crosses completed in the same minute (IFC), the number of correct back
scissors completed in a minute (CBS) and the number of incorrect back scissors completed in
the same minute (IBS).

Participant Group Condition ~ Session Timing  CFC IFC
1 1 1 1 1 5 9
1 1 1 1 2 3 7
1 1 1 1 3 2 8
1 1 2 2 1 4 21
1 1 2 2 2 1 21
1 1 2 2 3 4 14
1 1 3 3 1 20 16
1 1 3 3 2 22 18
1 1 3 3 3 18 14
1 1 3 4 1 28 15
1 1 3 4 2 52 8
1 1 3 4 3 62 9
1 1 3 5 1 48 0
1 1 3 5 2 63 0
1 1 3 5 3 71 0
1 1 3 6 1 65 3
1 1 3 6 2 52 5
1 1 3 6 3 71 0
1 1 3 7 1 48 10
1 1 3 7 2 45 10
1 1 3 7 3 48 3
1 1 3 8 1 54 3
1 1 3 8 2 57 5
1 1 3 8 3 64 0
1 1 3 9 1 67 2
1 1 3 9 2 60 5
1 1 3 9 3 51 0
1 1 3 10 1 58 0
1 1 3 10 2 21 26
1 1 3 10 3 54 3
2 1 1 1 1 3 8
2 1 1 1 2 6 13
2 1 1 1 3 0 7
2 1 2 2 1 5 9
2 1 2 2 2 5 8
2 1 2 2 3 2 9
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